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1. Methods

1.1 Experimental measurement

Molecular clusters were generated in a supersonic expansion, under optimized conditions. Details of the Fourier transform microwave 
(FTMW)1 spectrometer (COBRA-type),2 which covers the range 2-20 GHz, have been described previously.3 A gas mixture of about 
1 % of CO2 (commercial sample used without further purification) in helium at a stagnation pressure of about 0.2 MPa was passed over 
C6H5(CH2)0-2OH (phenol/333K, phenylmethanol/353K, and 2-phenylethanol/363K) and expanded through a solenoid valve (General 
Valve, Series 9, nozzle diameter 0.5 mm) into the Fabry-Pérot cavity (10-5 pa), respectively. The spectral line positions were determined 
after Fourier transformation of the time-domain signal with 8k data points, recorded with 100 ns sample intervals. Each rotational 
transition appears as a doublet because of the Doppler Effect. The line position is calculated as the arithmetic mean of the frequencies 
of the Doppler components. The estimated accuracy of the frequency measurements is better than 1 kHz. Line separated by more than 
5 kHz are resolvable.

1.2 Theoretical calculations

Structure Optimization. The full geometry optimizations of C6H5(CH2)0-4OH-CO2 have been done with DFT at the B3LYP-D3(BJ)/aug-
cc-pVTZ level of theory using the Gaussian16 program package.4 The harmonic frequency calculations were performed at the same 
level to confirm the real minima and obtain their zero-point vibrational energies. The basis set superposition error (BSSE) were also 
considered for the binding energies of the complexes.5 The experimental transition frequencies were fitted to the spectroscopic 
constants with Pickett’s SPFIT program.6 All observed transition lines were fitted with the Watson’s semi-rigid Hamiltonian employing 
the S reduction in Ir representation.7

Theoretical molecular structures. 

1) Phenol-CO2:

Isomer I prefers an in-plane configuration with a C···O tetrel bond (TB) and a C-H···O weak hydrogen bond (HB) over the ones that 
CO2 locates above the aromatic ring (C···π TBs) as in isomers II and III, differed in the orientation of CO2. 

2) PM/2PE-CO2:

In case of PM/2PE-CO2 complexes, the non-covalent interactions and relative energies order of the three isomers are almost the same. 
The global minima (isomers I) are linked by a C···π and an O-H···O interaction. If C···O TB is formed, the resulting isomers II lie in 
higher energy with respect to the global minima. If CO2 is positioned on the opposite side of the hydroxyl group in PM and 2PE, the 
resulting isomers III are even higher in energies.

3) STRFIT:

The fitting procedure of r0 structure was performed using the STRFIT program.8

NCI calculations. To better visualize the non-covalent interactions in C6H5(CH2)0-2OH-CO2, Johnson‘s NCI analysis which is based on 
the electron density and its gradients9 has been applied through Multiwfn.10 The isosurface plots were visualized by VMD.11 The global 
minima of all complexes optimized at the B3LYP-D3(BJ)/aug-cc-pVTZ level of theory were used for the analyses.

PIO analysis calculations. Results of PIO analysis on the phenol-CO2 complex with phenol and CO2 as two fragments based on 
B3LYP-D3(BJ)/aug-cc-pVTZ geometries.12 The orbital energies and populations (occupation numbers) are given as E and P, 
respectively. The PIO-based bond indices (abbreviated as PBI) and its contribution (as %) to the total interactions between two 
fragments (the contributions of all PIOs sum up to 100%) were obtained for comparison. The same method was also applied to the 
C6H5(CH2)1-4OH-CO2 complexes.

SAPT analysis calculations. In order to better understand these sets of interesting NCIs, the energy of the intermolecular interaction 
has been interpreted in physical meaningful way such as electrostatics, induction, dispersion and exchange-repulsion by using the 
Symmetry-Adapted Perturbation theory (SAPT).13 The SAPT analysis has been carried out using PSI4 package at SAPT2+3/aug-cc-
pVDZ-RI level.14

AIM analysis calculations. In the topological analysis, the bond critical points (BCPs) give detailed information on the nature and 
relative strength of the hydrogen bonding interactions, obtained in term of electron density (ρ). Intermolecular HBs can be calculated 
by formulas: E[kcal mol-1] = −223.08 × ρBCP+0.7423.15
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Figure S1 Plausible isomers of C6H5(CH2)0-2OH-CO2 calculated at B3LYP-D3(BJ)/aug-cc-pVTZ level of theory with the principal inertial axes. 
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Table S1a. B3LYP-D3(BJ)/aug-cc-pVTZ spectroscopic parameters of all C6H5(CH2)0-2OH-CO2 complexes.

C6H5OH (phenol) C6H5CH2OH (PM) C6H5(CH2)2OH (2PE)
Parametersa

I II III I’ II’ III’ I’’ II’’ III’’

A/MHz 3485 1728 1990 1196 1994 1230 1166 1736 1191

B/MHz 603 1011 922 1055 582 942 750 501 673

C/MHz 514 883 817 720 513 664 567 425 518

μa/D 0.9 0.7 0.1 1.2 2.0 0.7 -0.8 1.8 -1.4

μb/D -1.2 -0.2 -0.1 -1.0 -0.2 -1.2 -1.0 -0.5 -0.3

μc/D 0 -1.2 1.2 0.8 -0.3 0.9 -0.9 -0.5 0.8

ΔE0,BSSE
b/kJ mol-1 0 0.5 1.4 0 1.1 3.9 0 1.2 3.9

De,BSSE/kJ mol-1 12.7 11.9 11.0 17.6 16.3 12.6 17.2 16.4 12.7

Paa
c/uÅ2 830.2 389.9 456.4 382.7 800.0 443.4 565.9 953.4 651.1

Pbb/uÅ2 145.1 182.5 162.2 319.2 185.1 317.7 325.4 235.8 324.5

Pcc/uÅ2 0.1 110.0 91.8 96.4 68.3 93.1 108.0 55.4 99.8

a A, B, and C are rotational constants. μa, μb, and μc are electric dipole moments. De,BSSE is dissociation energies with BSSE correction. b Zero-point relative energy 
with BSSE corrections, the absolute energies for the global minima are -496.164241 (phenol-CO2), -535.462950 (PM-CO2) and -574.770604 (2PE-CO2) Eh, 
respectively. c Planar moments of inertia Pgg = ∑imigi

2 (g = a, b and c) supply information on the mass distributions along principal axes.
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Table S1b. B3LYP-D3(BJ)/aug-cc-pVTZ spectroscopic parameters of all C6H5(CH2)3OH-CO2 complexes within 5.0 kJ mol-1.

C6H5(CH2)3OH (3PP)-CO2
Parametersa

I (GG’g)b II (GGt) III (GG’g) IV (TGt)

Plausible isomers

A/MHz 859 1621 854 1364

B/MHz 771 346 747 375

C/MHz 540 329 497 305

μa/D -1.0 0.6 -1.9 0.7

μb/D 1.7 -0.3 -0.2 -1.9

μc/D 0.7 1.5 1.1 0.3

ΔE0,BSSE
c/kJ mol-1 0 3.3 3.8 4.0

a A, B, and C are rotational constants. μa, μb, and μc are electric dipole moments. b Nomenclature of 2PE conformers follows that of ref 16. c Zero-point relative 
energy with BSSE corrections, the absolute energies for the global minima are -614.075122 Eh.

Table S1c. B3LYP-D3(BJ)/aug-cc-pVTZ spectroscopic parameters of all C6H5(CH2)4OH-CO2 complexes within 5.0 kJ mol-1.

C6H5(CH2)4OH (4PB)-CO2
Parametersa

I II III IV V

Plausible isomers

A/MHz 821 996 1377 743 829

B/MHz 603 445 265 638 551

C/MHz 438 380 251 430 415

μa/D 1.6 1.7 1.3 2.0 -0.7

μb/D 1.4 1.2 -1.3 0.9 0.5

μc/D -0.8 -0.8 0.3 -0.5 -0.8

ΔE0,BSSE
b/kJ mol-1 0 0.6 2.5 4.3 4.9

a A, B, and C are rotational constants. μa, μb, and μc are electric dipole moments. b Zero-point relative energy with BSSE corrections, the absolute energies for the 
global minima are -653.378718 Eh.
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Figure S2a Section of the microwave spectrum containing μa-type (826 ← 725), and μb-type (322 ← 313) rotational transitions of the observed isomer phenol-CO2. 
Each component exhibits an instrumental Doppler doubling. 

Figure S2b Section of the microwave spectrum containing μa-type (542 ← 441), and μb-type (440 ← 331), (533 ← 422) rotational transitions of the observed isomer PM-
CO2. Each component exhibits an instrumental Doppler doubling.
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Figure S2c Section of the microwave spectrum containing μa-type (808 ← 707), and μb-type (818 ← 707) rotational transitions of the observed isomer 2PE-CO2. Each 
component exhibits an instrumental Doppler doubling.
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Table S2a. Partial r0 and B3LYP-D3(BJ)/aug-cc-pVTZ calculated geometries of phenol-CO2.

Bond lengths (Å) Valence angles (°) Dihedral angles (°)

C1C2 1.392

C2C3 1.393 C1C2C3 120.4

C3C4 1.394 C2C3C4 119.6 C1C2C3C4 0.0

C4C5 1.394 C3C4C5 120.5 C2C3C4C5 0.0

C1C6 1.395 C2C1C6 119.4 C3C2C1C6 0.0

C4O7 1.373 C3C4O7 122.2 C2C3C4O7 180.0

O7H8 0.962 C4O7H8 110.1 C3C4O7H8 0.0

C3H9 1.085 C2C3H9 120.3 C1C2C3H9 180.0

C2H10 1.083 C1C2H10 120.2 C6C1C2H10 180.0

C1H11 1.082 C2C1H11 120.2 C3C2C1H11 180.0

C6H12 1.083 C1C6H12 119.9 C2C1C6H12 180.0

C5H13 1.082 C4C5H13 119.1 C3C4C5H13 180.0

O7C14 2.84(3)a C4O7H14 134(1) C3C4O7H14 180.0

C14O15 1.160 O7H14H15  91.3 C4O7C14O15 0.0

C14O16 1.160 O15C14O16 180.0 O7O15C14O16 180.0

a Error in parentheses in units of the last digit. The parameters in bold have been adjusted to reproduce the experimental values of rotational constants. Their 
theoretical values are 2.80 Å and 133°, respectively.

Table S2b. Partial r0 and B3LYP-D3(BJ)/aug-cc-pVTZ calculated geometries of PM-CO2.

Bond lengths (Å) Valence angles (°) Dihedral angles (°)

C1C2 1.388

C2C3 1.390 C1C2C3 120.0

C3C4 1.393 C2C3C4 120.7 C1C2C3C4 -0

C4C5 1.395 C3C4C5 118.8 C2C3C4C5 0

C5C6 1.388 C4C5C6 120.4 C3C4C5C6 -0

C4C7 1.511 C3C4O7 120.5 C2C3C4C7 -178.0

C7O8 1.421 C4O7H8 113.9 C3C4O7O8 -143.1

O8H9 0.963 C7O8H9 108.0 C4C7O8H9 61.9

C7H10 1.094 C4C7H10 109.4 C3C4C7H10 -18.2

C7H11 1.091 C4C7H11 109.7 C3C4C7H11 99.1

C5H12 1.081 C4C5H12 119.0 C3C4C5H12 180.0

C6H13 1.081 C5C6H13 119.7 C4C5C6H13 180.0

C1H14 1.081 C6C1H14 120.1 C5C6C1H14 180.0

C2H15 1.081 C3C2H15 119.8 C4C3C2H15 -180.0

C3H16 1.082 C4C3H16 119.4 C5C4C3H16 -180.0

C4C17 3.383(3)a C3C4C17 84.0(3) C2C3C4C17 81.5

C17O18 1.163 C4C17O18 78.8 C3C4C17O18 124.5

C17O19 1.156 O18C17O19 178.6 C4O18C17O19 -174.4

a Error in parentheses in units of the last digit. The parameters in bold have been adjusted to reproduce the experimental values of rotational constants. Their 
theoretical values are 3.332 Å and 84.8°, respectively.
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Table S2c. Partial r0 and B3LYP-D3(BJ)/aug-cc-pVTZ calculated geometries of 2PE-CO2.

Bond lengths (Å) Valence angles (°) Dihedral angles (°)

C1C2 1.389

C2C3 1.390 C1C2C3 120.1

C3C4 1.393 C2C3C4 120.9 C1C2C3C4 -0.0

C4C5 1.396 C3C4C5 118.3 C2C3C4C5 -0.0

C5C6 1.388 C4C5C6 120.9 C3C4C5C6 0.0

C4C7 1.504 C5C4C7 120.6 C6C5C4C7 -176.9

C7O8 1.534 C4C7C8 112.3 C5C4C7C8 82.3

C8O9 1.418 C7C8O9 113.0 C4C7C8O9 63.1

O9H10 0.962 C8O9H10 108.6 C7C8O9H10 -71.9

C8H11 1.095 C7C8H11 109.6 C4C7C8H11 -60.8

C8H12 1.089 C7C8H12 109.4 C4C7C8H12 -178.9

C7H13 1.090 C4C7H13 110.1 C5C4C7H13 -156.6

C7H14 1.092 C4C7H14 110.1 C5C4C7H14  -38.2

C5H15 1.082 C6C5H15 119.6 C1C6C5H15 180.0

C6H16 1.081 C5C6H16 119.9 C4C5C6H16 -180.0

C1C17 1.081 C6C1C17 120.1 C5C6C1H17 180.0

C2H18 1.081 C3C2O18 119.7 C4C3C2H18 180.0

C3H19 1.081 C4C3O19 119.2 C5C4C3H19 -180.0

C1C20 3.332(4)a C6C1C20 80.3(2) C5C6C1C20 85.8

C20O21 1.160 C1C20O21 95.5 C6C1C20O21 -87.3

C20O22 1.158 O21C20O22 178.5 C1O21C20O22 170.4

a Error in parentheses in units of the last digit. The parameters in bold have been adjusted to reproduce the experimental values of rotational constants. Their 
theoretical values are 3.291 Å and 78.9°, respectively.
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Table S3. SAPT analysis for C6H5(CH2)0-4OH-CO2 complexes (all values in kJ mol-1).

Electrostatics Induction Dispersion Totalattracting energy
a Exchange Total

Phenol-CO2 -16.8(53.3%)[b] -2.7(8.6%) -12.0(38.1%) -31.5 18.2 -13.3

PM-CO2 -16.8(40.0%) -4.7(11.2%) -20.5(48.8%) -42.0 25.0 -18.4

2PE-CO2 -16.8(39.9%) -4.2(10.0%) -21.1(50.1%) -42.1 25.4 -18.4

3PP-CO2 -26.9(47.2%) -5.7(10.0%) -24.4(42.8%) -57.0 36.7 -20.3

4PB-CO2 -24.7(46.6%) -5.0(9.4%) -23.3(43.9) -53.0 33.3 -19.7

a The sum of the three adsorption energies. [b] Percentage contribution to total attracting energy.
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Figure S3A Results of PIO analysis on the phenol-CO2 complex with phenol and CO2 as two fragments based on calculations at B3LYP-D3(BJ)/aug-cc-pVTZ level 
of theory. a-c: The top three PIOs of each fragment. The orbital energies and populations (occupation numbers) are given as E and P, respectively, near each PIO. 
Given below each PIO pair are the PIO-based bond indices (abbreviated as PBI) and its contribution (as %) to the total interactions between two fragments (the 
contributions of all PIOs sum up to 100%). The main interactions reflected by PIO. Isovalue: 0.04 for all orbitals. d: Two fragments with phenol and CO2.
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Figure S3B Results of PIO analysis on the PM-CO2 complex with PM and CO2 as two fragments based on calculations at B3LYP-D3(BJ)/aug-cc-pVTZ level of 
theory. a-g: The top seven PIOs of each fragment. The orbital energies and populations (occupation numbers) are given as E and P, respectively, near each PIO. 
Given below each PIO pair are the PIO-based bond indices (abbreviated as PBI) and its contribution (as %) to the total interactions between two fragments (the 
contributions of all PIOs sum up to 100%). The main interactions reflected by PIO. Isovalue: 0.04 for all orbitals. h: Two fragments with PM and CO2.
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Figure S3C Results of PIO analysis on the 2PE-CO2 complex with 2PE and CO2 as two fragments based on calculations at B3LYP-D3(BJ)/aug-cc-pVTZ level of 
theory. a-g: The top seven PIOs of each fragment. The orbital energies and populations (occupation numbers) are given as E and P, respectively, near each PIO. 
Given below each PIO pair are the PIO-based bond indices (abbreviated as PBI) and its contribution (as %) to the total interactions between two fragments (the 
contributions of all PIOs sum up to 100%). The main interactions reflected by PIO. Isovalue: 0.04 for all orbitals. h: Two fragments with 2PE and CO2.
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Figure S3D Results of PIO analysis on the 3PP-CO2 complex with 3PP and CO2 as two fragments based on calculations at B3LYP-D3(BJ)/aug-cc-pVTZ level of 
theory. a-e: The top five PIOs of each fragment. The orbital energies and populations (occupation numbers) are given as E and P, respectively, near each PIO. 
Given below each PIO pair are the PIO-based bond indices (abbreviated as PBI) and its contribution (as %) to the total interactions between two fragments (the 
contributions of all PIOs sum up to 100%). The main interactions reflected by PIO. Isovalue: 0.04 for all orbitals. f: Two fragments with 3PP and CO2.
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Figure S3E Results of PIO analysis on the 4PB-CO2 complex with 4PB and CO2 as two fragments based on calculations at B3LYP-D3(BJ)/aug-cc-pVTZ level of 
theory. a-d: The top four PIOs of each fragment. The orbital energies and populations (occupation numbers) are given as E and P, respectively, near each PIO. 
Given below each PIO pair are the PIO-based bond indices (abbreviated as PBI) and its contribution (as %) to the total interactions between two fragments (the 
contributions of all PIOs sum up to 100%). The main interactions reflected by PIO. Isovalue: 0.04 for all orbitals. e: Two fragments with 4PB and CO2
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Figure S4 Intramolecular hydrogen bond analysis of the C6H5(CH2)1-4OH monomer and C6H5(CH2)1-4OH-CO2 complexes by AIM analysis at B3LYP-D3(BJ)/aug-cc-
pVTZ level of theory. [a] The intramolecular HB of PM is weak and cannot be quantified by AIM analyses.15 [b] After 2PE is combined with CO2, the intramolecular 
hydrogen bond changes from O-H···π HB to C-H···O HB. [c] There are three intramolecular bonds O-H···π HB, C-H···π HB and C-H···O HB in the 4PB monomer 
and 4PB-CO2 complexes. The red values on the left represents O-H···π HB, and the blue values on the right represents the total energy of the three molecular HBs.
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Figure S5 Structures (r0 and re) of PM/2PE monomers and CO2 clusters. [a] r0 structures derived parameters; [b] rmono (blue) is derived from the r0 structures of PM 
and 2PE monomers, based on reported experimental parameters.[17,18]
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Figure S6 C3-H19···O9 intramolecular HB in 2PE-CO2. (a) Structure of 2PE-CO2 including LP1,2 (green ellipsoid) from the O atom of 2PE-CO2 and LP1’,2’ (yellow 
transparent ellipsoid) from the O atom of 2PE monomer. (b) The difference Δ of the distances between H19 and LP1 (d19-LP1), and between H19 and LP1’ (d19-LP1’). 
(c) Both LP positions of O9 based on electron localization function (ELF) analysis generated by the Multiwfn software, including distances (r), valence angles and 
dihedral angles.
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Table S4. μa- and μb- type transition frequencies (v/MHz) together with the corresponding observed – calculated differences (Δv/kHz) for the phenol-CO2 complex.

Transitions

J’ Ka’ Kc’          ←       J’’ Ka’’ Kc’’
ν/MHz Δν/kHz

6  1  6  5  1  5 6378.3701 -4.8

 6  0  6  5  0  5 6587.0708 0.6

 6  2  5  5  2  4 6645.6281 -0.9

 6  3  4  5  3  3 6664.4422 0.2

 6  3  3  5  3  2 6665.9752 1.4

 6  2  4  5  2  3 6712.9383 1.9

 6  1  5  5  1  4 6899.1308 -1.9

 4  1  4  3  0  3 6914.0410 -1.3

 7  1  7  6  1  6 7434.7898 4.7

 7  0  7  6  0  6 7657.0804 1.8

 7  2  6  6  2  5 7748.2447 -1.5

 7  4  4  6  4  3 7773.2305 1.0

 7  4  3  6  4  2 7773.2653 -2.4

 7  3  5  6  3  4 7778.0192 -0.4

 7  3  4  6  3  3 7781.4592 0.3

 5  1  5  4  0  4 7816.6857 -0.5

 7  1  6  6  1  5 8040.6678 2.0

 5  2  3  5  1  4 8148.0948 1.1

 4  2  2  4  1  3 8322.4267 2.0

 3  2  1  3  1  2 8474.5652 0.8

 8  1  8  7  1  7 8488.4805 1.0

 6  1  6  5  0  5 8688.4817 -1.1

 8  0  8  7  0  7 8715.9364 -2.7

 8  2  7  7  2  6 8848.5753 1.1

 8  4  5  7  4  4 8886.1921 1.4

 8  4  4  7  4  3 8886.2917 -3.9

 8  3  6  7  3  5 8892.5551 2.7

 8  3  5  7  3  4 8899.4096 0.9

 3  2  2  3  1  3 8987.0935 -4.5

 8  2  6  7  2  5 9004.8992 -0.4

 8  1  7  7  1  6 9177.9657 0.6

 5  2  4  5  1  5 9385.0888 0.0

 7  1  7  6  0  6 9536.1943 -3.4

 9  1  9  8  1  8 9539.3064 0.2

 6  2  5  6  1  6 9652.3444 1.5
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 9  0  9  8  0  8 9763.7087 1.7

 9  2  8  8  2  7 9946.3000 -0.6

 9  4  6  8  4  5 10000.1286 0.7

 9  4  5  8  4  4 10000.3776 -1.9

 9  3  7  8  3  6 10007.9409 0.0

 9  3  6  8  3  5 10020.4506 -1.3

 9  2  7  8  2  6 10163.6570 0.9

 9  1  8  8  1  7 10310.1480 -0.5

 8  2  7  8  1  8 10325.8954 -3.4

 8  1  8  7  0  7 10367.5975 -1.0

10  1 10  9  1  9 10587.1890 -0.6

10  0 10  9  0  9 10801.2114 1.2

 2  2  1  1  1  0 10899.3659 0.9

 2  2  0  1  1  1 10988.3736 -0.3

10  2  9  9  2  8 11041.1279 3.5

10  4  7  9  4  6 11115.1403 1.1

10  4  6  9  4  5 11115.6843 0.7

10  3  8  9  3  7 11124.0082 -1.2

10  3  7  9  3  6 11145.3156 0.0

 9  1  9  8  0  8 11190.9635 -2.0

10  1  9  9  1  8 11436.2357 0.3

11  1 11 10  1 10 11632.1299 0.7

11  0 11 10  0 10 11829.9498 -2.4

 3  2  2  2  1  1 11921.3973 -0.5

11  2 10 10  2  9 12132.7600 0.4

 3  2  1  2  1  2 12192.3246 -0.5

11  1 10 10  1  9 12555.1497 -0.8

12  1 12 11  1 11 12674.1933 1.0

12  0 12 11  0 11 12851.8706 -0.2

 4  2  3  3  1  2 12899.6124 0.5

12  3 10 11  3  9 13357.1155 -2.0

 4  2  2  3  1  3 13451.1532 1.2

12  1 11 11  1 10 13665.7487 0.7

13  1 13 12  1 12 13713.5054 -0.8

 5  2  4  4  1  3 13834.2251 1.1

13  0 13 12  0 12 13869.0225 -0.4

 7  3  4  7  2  5 14371.1084 0.2

 6  3  3  6  2  4 14444.1727 0.7

 5  3  2  5  2  3 14491.1352 0.6
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 4  3  1  4  2  2 14518.5374 -0.3

 4  3  2  4  2  3 14547.5894 0.4

 5  3  3  5  2  4 14558.3881 -2.2

 6  3  4  6  2  5 14577.2043 1.0

 7  3  5  7  2  6 14606.9778 1.2

 6  2  5  5  1  4 14725.7014 1.4

 5  2  3  4  1  4 14772.5878 -0.1

14  0 14 13  0 13 14883.2934 -2.1

 7  2  6  6  1  5 15574.8141 0.6

15  0 15 14  0 14 15896.2195 2.1

 6  2  4  5  1  5 16166.0487 0.7

 8  2  7  7  1  6 16382.7217 -0.1

 9  2  8  8  1  7 17151.0589 1.4

 7  2  5  6  1  6 17642.1962 0.6

 3  3  1  2  2  0 17867.5268 -1.5

 3  3  0  2  2  1 17869.5085 -1.2
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Table S5. μa-, μb- and μc- type transition frequencies (v/MHz) together with the corresponding observed – calculated differences (Δv/kHz) for the PM-CO2 
complex.

Transitions

J’ Ka’ Kc’          ←       J’’ Ka’’ Kc’’
ν/MHz Δν/kHz

3  2  2  2  2  1 5302.9894 3.7

 3  2  1  2  2  0 5922.4357 -4.3

 4  0  4  3  1  3 6090.1977 -1.1

 4  1  4  3  1  3 6090.7241 -0.9

 4  0  4  3  0  3 6094.5133 0.0

 4  1  4  3  0  3 6095.0410 1.5

 3  3  1  2  2  0 6682.1109 2.2

 4  1  3  3  2  2 6822.4316 2.4

 4  2  3  3  2  2 6851.6680 0.1

 4  1  3  3  1  2 6959.4718 0.0

 4  2  3  3  1  2 6988.7095 -1.0

 3  3  0  2  2  1 7077.5554 -1.9

 4  3  2  3  3  1 7359.0526 -1.4

 3  3  0  2  1  1 7459.5811 5.5

 5  0  5  4  1  4 7514.0096 1.2

 5  1  5  4  1  4 7514.0658 -0.4

 5  0  5  4  0  4 7514.5345 0.0

 5  1  5  4  0  4 7514.5914 -1.0

 4  2  2  3  2  1 7752.3294 -0.2

 4  3  1  3  3  0 7873.1616 -1.1

 4  3  2  3  2  1 8118.7253 2.6

 5  1  4  4  2  3 8309.8015 -0.2

 5  2  4  4  2  3 8314.4381 0.5

 5  1  4  4  1  3 8339.0406 0.1

 5  2  4  4  1  3 8343.6771 0.8

 6  0  6  5  1  5 8936.0467 -5.8

 6  1  6  5  1  5 8936.0602 1.6

 6  0  6  5  0  5 8936.1090 -1.5

 6  1  6  5  0  5 8936.1215 5.0

 5  3  3  4  3  2 9005.6166 0.0

 4  4  1  3  3  0 9117.1098 -0.9

 5  2  3  4  2  2 9262.5586 -0.4

 4  4  0  3  3  1 9340.4815 -1.8

 5  4  2  4  4  1 9361.8193 1.9
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 5  3  3  4  2  2 9372.0090 -0.5

 5  4  1  4  4  0 9737.4395 0.2

 6  1  5  5  2  4 9743.9816 -0.1

 6  2  5  5  2  4 9744.6086 0.4

 6  1  5  5  1  4 9748.6164 -1.1

 6  2  5  5  1  4 9749.2448 0.9

 4  3  1  3  1  2 9784.7769 -0.2

 5  3  2  4  3  1 9874.7420 1.4

 7  1  7  6  1  6 10357.8753 -1.9

 7  0  7  6  1  6 10357.8753 -1.3

 7  0  7  6  0  6 10357.8854 2.8

 7  1  7  6  0  6 10357.8854 2.2

 6  2  4  5  3  3 10502.3720 0.0

 6  3  4  5  3  3 10524.6905 0.3

 5  4  2  4  3  1 10605.7625 -2.8

 6  2  4  5  2  3 10611.8230 0.5

 6  3  4  5  2  3 10634.1406 -0.1

 5  3  2  4  2  2 10903.1264 0.1

 5  4  1  4  3  1 11056.8752 -0.5

 6  4  3  5  4  2 11111.3432 0.1

 7  1  6  6  2  5 11167.2397 1.4

 7  2  6  6  2  5 11167.3148 0.0

 7  1  6  6  1  5 11167.8646 0.0

 7  2  6  6  1  5 11167.9414 0.1

 5  4  2  4  3  2 11267.7578 -0.3

 6  5  2  5  5  1 11319.0697 -2.6

 5  5  1  4  4  0 11537.4886 -0.1

 6  3  3  5  3  2 11550.2081 -0.2

 6  5  1  5  5  0 11555.2368 0.7

 5  5  0  4  4  0 11571.9439 -0.2

 5  5  1  4  4  1 11612.9774 0.0

 5  5  0  4  4  1 11647.4324 -0.3

 5  4  1  4  3  2 11718.8664 -2.1

 8  0  8  7  0  7 11779.6564 -0.2

 8  1  8  7  1  7 11779.6564 0.2

 8  0  8  7  1  7 11779.6564 0.3

 8  1  8  7  0  7 11779.6564 -0.3

 6  4  3  5  3  2 11842.3665 -1.4

 6  4  2  5  4  1 11899.2557 -0.2
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 7  2  5  6  3  4 11970.1524 -1.2

 7  3  5  6  3  4 11973.8114 -0.5

 7  2  5  6  2  4 11992.4722 0.2

 7  3  5  6  2  4 11996.1294 -0.7

 5  4  1  4  2  2 12085.2635 1.9

 8  1  7  7  2  6 12588.8882 -6.0

 8  2  7  7  2  6 12588.9050 2.0

 8  1  7  7  1  6 12588.9679 -2.9

 8  2  7  7  1  6 12588.9835 3.9

 7  4  4  6  4  3 12709.9587 0.4

 7  3  4  6  3  3 12925.3281 -0.2

 7  4  4  6  3  3 13002.1174 -0.4

 6  4  2  5  3  2 13081.3906 -0.5

 6  5  2  5  4  1 13119.1212 -0.6

 7  5  3  6  5  2 13164.4859 0.8

 6  3  3  5  2  3 13190.7767 1.1

 9  0  9  8  0  8 13201.3998 -0.2

 9  1  9  8  1  8 13201.3998 -0.1

 9  0  9  8  1  8 13201.3998 -0.1

 9  1  9  8  0  8 13201.3998 -0.2

 7  6  2  6  6  1 13241.7380 1.4

 7  6  1  6  6  0 13371.2708 0.0

 6  4  3  5  3  3 13373.4847 0.0

 6  5  1  5  4  1 13389.7403 -0.6

 8  2  6  7  3  5 13399.3487 -0.4

 8  3  6  7  3  5 13399.8751 1.4

 8  2  6  7  2  5 13403.0067 -0.7

 8  3  6  7  2  5 13403.5307 -1.2

 6  5  2  5  4  2 13570.2299 -2.3

 7  4  3  6  4  2 13770.7809 0.2

 7  5  2  6  5  1 13816.9863 -1.0

 6  5  1  5  4  2 13840.8526 1.2

 6  6  1  5  5  0 13935.4585 0.2

 6  6  0  5  5  0 13950.0787 0.3

 6  6  1  5  5  1 13969.9142 0.5

 6  6  0  5  5  1 13984.5321 -1.6

 9  2  8  8  2  7 14010.4006 -1.4

 9  1  8  8  2  7 14010.4006 -0.4

 9  1  8  8  1  7 14010.4126 2.8
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 9  2  8  8  1  7 14010.4126 1.8

 8  4  5  7  4  4 14197.2034 0.7

 8  3  5  7  3  4 14258.7801 1.0

 7  5  3  6  4  2 14384.3517 0.6

 6  5  1  5  3  2 14571.8786 2.3

10  0 10  9  0  9 14623.1025 0.6

10  1 10  9  1  9 14623.1025 0.6

10  0 10  9  1  9 14623.1025 0.6

10  1 10  9  0  9 14623.1025 0.6

 6  4  2  5  2  3 14721.9600 1.5

 9  3  7  8  3  6 14821.2168 0.7

 9  2  7  8  2  6 14821.6726 0.5

 8  5  4  7  5  3 14857.9299 0.5

 8  6  3  7  6  2 15166.1503 1.7

 8  4  4  7  4  3 15263.5801 0.0

10  1  9  9  1  8 15431.9039 -0.8

10  2  9  9  2  8 15431.9039 0.0

 7  6  2  6  5  1 15621.9598 0.9

 9  4  6  8  4  5 15633.6247 1.3

 8  6  2  7  6  1 15644.5887 0.0

 9  3  6  8  3  5 15646.2936 -0.8

 8  5  3  7  5  2 15891.2209 1.1

 7  6  1  6  5  2 16036.7293 -2.8

11  0 11 10  0 10 16044.7547 -0.5

11  1 11 10  1 10 16044.7547 -0.5

11  1 11 10  0 10 16044.7547 -0.5

11  0 11 10  1 10 16044.7547 -0.5

10  3  8  9  3  7 16242.0798 3.9

10  2  8  9  2  7 16242.1325 -3.5

 7  7  1  6  6  0 16317.4735 1.1

 7  7  0  6  6  1 16337.9996 -2.0

 9  5  5  8  5  4 16406.1733 0.0

 9  4  5  8  4  4 16564.0116 -2.2

 7  5  2  6  3  3 16838.6547 -0.5

11  1 10 10  1  9 16853.3896 0.0

11  2 10 10  2  9 16853.3896 0.0

 9  6  4  8  6  3 16958.7973 0.6

10  4  7  9  4  6 17055.7141 0.0

10  3  7  9  3  6 17057.8774 0.0
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 9  5  4  8  5  3 17575.8216 -1.9

 9  6  3  8  6  2 17894.5876 -0.5

 8  7  2  7  6  1 18087.4808 0.6

 8  7  1  7  6  2 18301.6077 -0.3

 8  8  1  7  7  0 18690.9230 0.5

 8  8  0  7  7  1 18699.1409 1.4
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Table S6. μa-, μb- and μc- type transition frequencies (v/MHz) together with the corresponding observed – calculated differences (Δv/kHz) for the 2PE-CO2 
complex.

Transitions

J’ Ka’ Kc’          ←       J’’ Ka’’ Kc’’
ν/MHz Δν/kHz

5  0  5  4  1  4 5883.3823 0.0

 5  1  5  4  0  4 5978.6951 -0.2

 4  2  3  3  1  2 6163.1293 2.1

 3  3  1  2  2  0 6395.4929 -2.1

 3  3  0  2  2  0 6404.2301 -4.9

 5  2  4  4  2  3 6410.2391 0.4

 3  3  1  2  2  1 6445.1799 -1.5

 3  3  0  2  2  1 6453.9234 1.9

 5  1  4  4  1  3 6678.6257 -2.0

 4  2  2  3  1  2 6757.0688 1.8

 5  2  3  4  2  2 6969.3080 0.7

 6  0  6  5  1  5 7030.9286 -1.2

 6  1  6  5  1  5 7041.3861 1.5

 6  0  6  5  0  5 7058.5089 0.4

 6  1  6  5  0  5 7068.9648 1.6

 5  2  4  4  1  3 7116.7407 -1.3

 6  1  5  5  2  4 7377.1112 -3.6

 4  3  2  3  2  1 7599.2041 1.6

 6  2  5  5  2  4 7610.7711 -1.4

 4  3  1  3  2  1 7657.6364 0.4

 6  1  5  5  1  4 7815.2292 0.0

 4  3  2  3  2  2 7827.7337 0.8

 4  3  1  3  2  2 7886.1672 0.8

 6  3  4  5  3  3 7925.2259 0.0

 6  2  5  5  1  4 8048.8887 1.8

 7  0  7  6  1  6 8161.6793 -0.2

 7  0  7  6  0  6 8172.1329 -1.4

 7  1  7  6  0  6 8175.9128 -1.1

 6  3  3  5  3  2 8256.3020 -1.6

 5  2  3  4  1  3 8269.7507 0.2

 7  2  5  6  3  4 8315.9706 -1.0

 6  2  4  5  2  3 8334.7871 -1.2

 5  1  4  4  0  4 8532.2826 1.3

 7  1  6  6  2  5 8671.5429 -0.1
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 5  3  3  4  2  2 8676.9383 5.1

 4  4  1  3  3  0 8726.2041 1.1

 4  4  0  3  3  0 8727.4688 -0.8

 4  4  1  3  3  1 8734.9428 -0.1

 4  4  0  3  3  1 8736.2084 -1.1

 7  2  6  6  2  5 8781.3983 1.8

 5  3  2  4  2  2 8889.6756 0.8

 5  2  4  4  1  4 8902.6599 -1.2

 7  1  6  6  1  5 8905.1970 -3.8

 7  2  6  6  1  5 9015.0554 1.1

 7  3  5  6  3  4 9200.2484 2.7

 5  3  3  4  2  3 9270.8738 0.8

 8  0  8  7  1  7 9285.2959 -0.9

 8  1  8  7  1  7 9286.6182 0.3

 8  0  8  7  0  7 9289.0770 0.6

 8  1  8  7  0  7 9290.3973 -0.2

 5  3  2  4  2  3 9483.6172 2.6

 7  2  5  6  2  4 9614.0358 0.7

 6  3  4  5  2  3 9632.8491 -2.6

 7  3  4  6  3  3 9742.9084 -1.9

 8  1  7  7  2  6 9882.0109 -1.3

 8  2  6  7  3  5 9908.7487 -0.8

 6  2  4  5  1  4 9925.9094 -1.6

 8  2  7  7  2  6 9929.2054 1.1

 8  1  7  7  1  6 9991.8685 2.7

 5  4  2  4  3  1 10011.6051 0.7

 5  4  1  4  3  1 10022.6697 -0.4

 8  2  7  7  1  6 10039.0574 -0.2

 5  4  2  4  3  2 10070.0371 -0.8

 5  4  1  4  3  2 10081.1043 0.5

 6  3  3  5  2  3 10176.6706 -0.5

 6  1  5  5  0  5 10396.3963 2.6

 9  0  9  8  1  8 10406.1205 1.7

 9  1  9  8  1  8 10406.5693 0.2

 9  0  9  8  0  8 10407.4398 0.0

 9  1  9  8  0  8 10407.8882 -1.9

 8  3  6  7  3  5 10438.9036 -0.9

 7  3  5  6  2  4 10498.3110 1.9

 6  2  5  5  1  5 10602.4722 -0.5
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 6  3  4  5  2  4 10785.8576 -2.5

 8  2  6  7  2  5 10793.0232 -0.3

 5  5  1  4  4  0 11036.7270 1.2

 5  5  0  4  4  0 11036.8910 -0.3

 5  5  1  4  4  1 11037.9940 1.6

 5  5  0  4  4  1 11038.1575 -0.5

 9  1  8  8  2  7 11043.2884 -2.0

 9  2  8  8  2  7 11062.3345 0.1

 9  1  8  8  1  7 11090.4825 0.1

 9  2  8  8  1  7 11109.5295 3.1

 8  3  5  7  3  4 11177.1439 -1.8

 6  4  3  5  3  2 11217.9221 -1.8

 6  4  2  5  3  2 11270.3436 -0.2

 8  3  6  7  2  5 11323.1805 1.9

 6  3  3  5  2  4 11329.6811 1.5

 9  2  7  8  3  6 11360.6556 4.7

 6  4  3  5  3  3 11430.6649 -0.7

 6  4  2  5  3  3 11483.0828 -2.7

10  0 10  9  1  9 11525.8985 1.5

10  1 10  9  1  9 11526.0451 -2.2

10  0 10  9  0  9 11526.3492 2.0

10  1 10  9  0  9 11526.5008 3.1

 7  3  4  6  2  4 11584.7926 -0.5

 9  3  7  8  3  6 11640.9049 2.4

 7  2  5  6  1  5 11724.7165 -0.5

 9  2  7  8  2  6 11890.8050 -0.9

 9  3  7  8  2  6 12171.0558 -1.7

10  1  9  9  2  8 12180.0454 -2.5

10  1  9  9  1  8 12199.0914 -0.4

10  2  9  9  1  8 12206.4383 0.7

 7  1  6  6  0  6 12243.0867 0.6

 7  4  4  6  3  3 12291.7612 0.9

 6  5  2  5  4  1 12348.9694 -2.7

 6  5  1  5  4  1 12350.7527 0.0

 6  5  2  5  4  2 12360.0393 1.3

 6  5  1  5  4  2 12361.8193 0.8

 7  3  5  6  2  5 12375.3303 -2.9

 7  4  3  6  3  3 12466.9355 -0.9

 9  3  6  8  3  5 12523.8974 0.6
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11  0 11 10  1 10 12645.2828 -3.4

11  1 11 10  1 10 12645.3349 -0.8

11  0 11 10  0 10 12645.4382 1.4

11  1 11 10  0 10 12645.4874 1.1

 7  4  4  6  3  4 12835.5800 0.2

 7  4  3  6  3  4 13010.7554 -0.4

10  3  8  9  2  7 13091.4830 1.4

 8  3  5  7  2  5 13147.9030 -0.8

 8  4  5  7  3  4 13215.4707 -7.6

11  1 10 10  2  9 13305.8460 1.5

11  1 10 10  1  9 13313.1868 -3.3

11  2 10 10  1  9 13315.9302 2.1

 6  6  1  5  5  0 13343.1812 1.8

 6  6  0  5  5  0 13343.1989 -0.8

 6  6  1  5  5  1 13343.3437 -1.3

 6  6  0  5  5  1 13343.3634 -1.9

 7  5  3  6  4  2 13634.2368 3.4

 7  5  2  6  4  2 13644.5234 1.4

 8  4  4  7  3  4 13667.8427 1.0

 7  5  3  6  4  3 13686.6526 -0.6

 7  5  2  6  4  3 13696.9435 1.6

12  0 12 11  1 11 13764.5161 0.3

12  1 12 11  1 11 13764.5341 2.2

12  0 12 11  0 11 13764.5611 -4.1

12  1 12 11  0 11 13764.5831 1.7

 8  3  6  7  2  6 14032.8424 1.0

 8  4  5  7  3  5 14301.9641 1.6

12  1 11 11  1 10 14429.8646 -2.1

 7  6  2  6  5  1 14661.4460 -0.3

 7  6  1  6  5  1 14661.7051 -0.3

 7  6  2  6  5  2 14663.2275 0.6

 7  6  1  6  5  2 14663.4863 0.3

 8  5  3  7  4  3 14894.8200 3.3

 8  5  4  7  4  4 15027.9476 -1.9
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