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1 Calculations and Spectra for Borneol
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Figure S1: Structures, relative harmonically zero-point corrected energies, uncorrected harmonic
OH stretching wavenumbers, IR band strengths and Raman activities for conformers of (+)-borneol
at DLPNO-CCSD(T)/aug-cc-pVQZ//PBE0-D3(BJ) /may-cc-pVTZ level.
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Figure S2: Top half: Comparison between simulated and experimental FTIR jet spectra of (+)-
borneol. Also shown is an FTIR spectrum of the vapor at ambient temperature. Bottom half:
Comparison between simulated and experimental Raman jet spectra of (+)-borneol at two different
detection distances from the nozzle. The simulations assume a Boltzmann distribution of localized
conformers at a conformational temperature of 100 K. Harmonic OH stretching wavenumbers are
uniformly shifted according to the model based on PBEO of Ref. 1. Note that experimentally
(—)-borneol was used, but computationally (+)-borneol was analyzed for easier comparison with
(4)-a-fenchol.
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Figure S3: Bottom: Electronic torsional potential (red trace) of (+)-borneol calculated at B3LYP-
D3(BJ)/may-cc-pVTZ level and scaled to DLPNO-CCSD(T)/aug-cc-pVQZ single-point corrections
for the six stationary points. A constant moment of inertia, based on the g4+ minimum geometry,
was used. An accidental near-degeneracy between the third and fourth torsional state is calculated,
leading to delocalization. Due to the low vapor pressure and thermal population no experimental
confirmation or refutation for this feature is possible with the used setups.

Top: Estimated torsional potential for the OH stretch excited state, obtained by also adding the
harmonic OH stretching wavenumbers at the stationary points before scaling. The accidental
degeneracy is lost, the resonant state mixing quenched.



Table S1: Franck-Condon factors (x}, X%>2 for (++)-borneol based on Figure S3

ooxd x| X
%! 0.983 1.25-1072 | 2.42.107°
3.65-1076

xS | 1.30-1072 0.985
X9 | 2.17-1073 | 7.97-10* 0.455



2 Calculations and Spectra for Isopinocampheol
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Figure S4: Structures, relative harmonically zero-point corrected energies, uncorrected harmonic
OH stretching wavenumbers, IR band strengths and Raman activities for conformers of (+)-
isopinocampheol at DLPNO-CCSD(T)/aug-cc-pVQZ//PBE0-D3(BJ) /may-cc-pVTZ level.
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Figure S5: Top half: Comparison between simulated and experimental FTIR jet spectra of (+)-
isopinocampheol. Also shown is an FTIR spectrum of the vapor at ambient temperature. Bottom
half: Comparison between simulated and experimental Raman jet spectra of (+)-isopinocampheol
at two different detection distances from the nozzle. The simulations assume a Boltzmann distri-
bution of localized conformers at a conformational temperature of 100 K. Harmonic OH stretching
wavenumbers are uniformly shifted according to the model based on PBEQ of Ref. 1. Note that
experimentally (—)-isopinocampheol was used, but computationally (+)-isopinocampheol was an-
alyzed for easier comparison with (+)-a-fenchol.
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Figure S6: Bottom: Electronic torsional potential (red trace) of (+)-isopinocampheol calculated
at B3LYP-D3(BJ)/may-cc-pVTZ level and scaled to DLPNO-CCSD(T) /aug-ce-pVQZ single-point
corrections for the six stationary points. A constant moment of inertia, based on the g4+ minimum
geometry, was used.

Top: Estimated torsional potential for the OH stretch excited state, obtained by also adding the
harmonic OH stretching wavenumbers at the stationary points before scaling.



Table S2: Franck-Condon factors (x?, X%>2 for (+)-isopinocampheol based on Figure S6.

L oxa x| X
X0 | 0.098 | 2.37-10~% | 138107
X0 | 2.65:107* | 0.998 | 3.08-1071°
X0 | 7161078 | 3.40-10-% |  0.908
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3 Localized Conformers of - and [3-Fenchol

3.1 OH Stretch Spectroscopic Properties of - and (3-Fenchol
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Figure S7: Structures, relative harmonically zero-point corrected energies (within each epimer),
uncorrected harmonic OH stretching wavenumbers, IR band strengths and Raman activities for
conformers of (4)-o- and (+)-B-fenchol at DLPNO-CCSD(T) /aug-cc-pVQZ//PBE0-D3(BJ) /may-
cc-pVTZ level.
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3.2 Comparison of a Simulation for a Mixture of «- and 3-Fenchol with

Experiment
5
‘I-w
P 4]
[1]
- 3_| Raman jet experiment H,0
S Y7 jet0.5mm
8 | jet2.0mm x4.545
§ 2]
o
L
S 1
0
||||||||||||||||||||||||||||||||||||||||||||I|||T|||||
3690 3680 3670 3660 3650 3640 lem™
o g-
o g+
g DLPNO-CCSD(T)/aug-cc-pvVQZ
‘c | Raman jet simulation //PBE0-D3(BJ)/may-cc-pVTZ
= | 96.8% a-fenchol p=0-2224cm’
@[ 3.2% B-fenchol
Bg-
ot
||||||||||||||||||||||‘|||||| ||||||||||||||||||||I|||||||||
3690 3680 3670 3660 3650 3640 ¥lem™

Figure S8: Comparison between experimental and simulated Raman jet spectra of (+)-a-fenchol
with (4)-B-fenchol as an assumed impurity. The composition is based on the purity stated by the
manufacturer for a-fenchol (96.8%). The simulations assume a Boltzmann distribution of localized
conformers at a conformational temperature of 100 K. Harmonic OH stretching wavenumbers are
uniformly shifted according to the model based on PBEO of Ref. 1. As the comparison shows,
neither the positions nor the relative intensities can be explained by the mixture of localized
conformers of «-fenchol and (-fenchol.
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4 Experimental OH Stretch Fundamental Wavenumbers for
Alcohol Conformers and Dimer Acceptors Used in the
Training Set for the Model for the Isotope Effect

Table S3: Experimental OH stretch fundamental wavenumbers for conformers of protiated and
deuterated alcohols as well as dimer acceptors used in the training set for the model for the
isotope effect (Figure 7 in the main document). Values marked with an asterisk* were corrected
by —lcem™! to account for the calibration error described in Ref. 1.

alcohol assignment ou /em™t  Dop /em~t
methanol monomer 36842 2718%3
ethanol monomer g 3659%4 2699%4
ethanol monomer ¢ 36774 2713%4
ethanol dimer acceptor Xg 3653*% 2695*4
ethanol dimer acceptor Xt  3671*% 2708*4
1-propanol monomer Gghet 3668*° 2705%5
1-propanol monomer Gghom 3656*° 2697*5
1-propanol monomer Gt 3681%5 2716%5
1-propanol monomer T'g 3659*° 2700%5
1-propanol monomer T 3678%*° 2714*°
1-propanol dimer acceptor a 3674*° 2711%°
1-propanol dimer acceptor ¢ 3653%° 2695%5
2,2,2-trifluoroethanol  monomer g 3656%3 2698%*3
2,2,2-trifluoroethanol ~ dimer acceptor 3634*3 2682*3
tert-butyl alcohol monomer 3642%3 2687*3
tert-butyl alcohol dimer acceptor 3631*3 2678*3
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5 Estimated Bond Length Deflection Factors

Table S4: Rotational constants B of the hydroxy radical in the electronic ground state but different
vibrational states and isotopic compositions. %7 From these the relative deflection of the bond length
r from the equilibrium value is estimated and applied to the calculated distance for the hydroxy
group of the alcohols used for the moment of inertia.

quantity OH OoDr

B. / cm™! 18.871  10.0209
By / em™! 18.515 9.8831
By / em™! 17.807 9.6089

/Be/Bo ~ro/re  1.0096  1.0069
/Be/By ~r1/re  1.0294  1.0212
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6 Validation of the 1D Torsion Code for Symmetric Alco-
hols

6.1 Overview

Table S5: Experimental ground state tunneling splittings A(exp) of symmetric alcohols compared
to those calculated with the 1D torsion code A(calc) based on electronic BSLYP-D3(BJ)/may-cc-
pVTZ potentials. Values were rounded to two leading digits for compactness.

alcohol A(exp) / em™The A(cale) / em~the A(cale) / A(exp)
methanol CH3OH 9.18 9.5 1.05
methanol CHsOD 2.6° 2.8 1.06
methanol CD3;OH 7.28 7.3 1.01
methanol CDsOD 1.510.11 1.6 1.04
ethanol-OH 3.212 2.1 0.65
ethanol-OD 5.7-107112 3.7.1071 0.64
propargyl alcohol-OH 2.2.10+113 2.3-10+1 1.07
propargyl alcohol-OD 7.113 7.1 0.99
2-hydroxyacetonitrile-OH 3.814 3.9 1.02
2-hydroxyacetonitrile-OD 5.6-107115 5.0-107! 0.89
4-hydroxy-2-butynenitrile-OH 4.616 4.8 1.04
4-hydroxy-2-butynenitrile-OD undetermined 6.2-1071

allyl alcohol-OH 4.7-107117 1.0 2.16
allyl alcohol-OD 3.1.107217 7.4-1072 2.36
methoxymethanol-OH 3.018 24 0.79
methoxymethanol-OD undetermined 2.5-1071
fluoromethanol-OH 5.9-107219 2.7-1072 0.47
fluoromethanol-OD undetermined 5.8-1074
2,2,2-trifluoroethanol-OH 2.0-107120 2.0-107¢ 1.01
2,2, 2-trifluoroethanol-OD 7.0-107320 6.2-1073 0.90
2-propanol-OH 1.621 14 0.91
2-propanol-OD 1.5-10~%21 1.2-107¢ 0.78
equatorial cyclohexanol-OH 1.7%2 1.7 0.98
equatorial cyclohexanol-OD undetermined 121071
cyclopropanol-OH 1.4-107123 1.1-107¢ 0.81
cyclopropanol-OD 5.5-107323 3.5-1073 0.64
tert-butyl alcohol-OH 3.8%4 3.6 0.96
tert-butyl alcohol-OD undetermined 5.5-107!

axial 1-methylcycloexanol-OH undetermined 2.9

axial 1-methylcycloexanol-OD 5.2-107125 2.9-1071 0.55
equatorial 1-methylcycloexanol-OH  undetermined 3.4

equatorial 1-methylcycloexanol-OD  6.1-10712% 4.0-10~1 0.66
1-vinylcyclopropanol-OH 7.6-107226 1.5-107¢ 1.97
1-vinylcyclopropanol-OD 2.4-107326 4.3-1073 1.76
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6.2 Methanol
6.2.1 Methanol CH;0H/D

CH30H B3LYP, probability density, moment of inertia = 4063.70 amu a3
500

— E/cm~lhe = 120.22140
= E/cm~lhc = 12976872
—— E/cm~lhc = 12976872
= potential

energy / cm~lhc
8
g

N
5]
8

100

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
torsional dihedral HCOH / ©

CH30D B3LYP, probability density, moment of inertia = 6404.01 amu a3
500

—— E/cm~lhc = 102.08817
= E/cm~thc = 104.84820
—— E/cm~ihc = 104.84820

—— potential
400

energy / cm~hc
8
g

N
5]
8

100 \/ \/ \
0
-90 -60 -30 0 30 60 90 120 150 181

-180 -150 -120 0

torsional dihedral HCOH / ©

Figure S9: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for methanol CH3;OH (top) and CH3;OD (bottom). A
constant moment of inertia, based on the minimum geometry, was used.
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6.2.2 Methanol CD;OH/D
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Figure S10: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for methanol CDsOH (top) and CD3OD (bottom). A
constant moment of inertia, based on the minimum geometry, was used.
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6.3 Primary Alcohols
6.3.1 Ethanol
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Figure S11: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for Ethanol-OH (top) and -OD (bottom). A constant
moment of inertia, based on the g minimum geometry, was used.
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6.3.2 Propargyl Alcohol

propargyl alcohol OH B3LYP, probability density, moment of inertia = 4987.57 amu a}
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Figure S12: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ

level, with the three lowest torsional states for propargyl alcohol-OH (top) and -OD (bottom). A
constant moment of inertia, based on the g minimum geometry, was used.
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6.3.3 2-Hydroxyacetonitrile

2-hydroxyacetonitrile OH B3LYP, probability density, moment of inertia = 4983.74 amu a3
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Figure S13: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for 2-hydroxyacetonitrile-OH (top) and -OD (bottom).
A constant moment of inertia, based on the g minimum geometry, was used.
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6.3.4 4-Hydroxy-2-butynenitrile

4-hydroxy-2-butynenitrile OH B3LYP, probability density, moment of inertia = 5138.42 amu a3
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Figure S14: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for 4-hydroxy-2-butynenitrile-OH (top) and -OD (bot-
tom). A constant moment of inertia, based on the g minimum geometry, was used.
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6.3.5 Allyl Alcohol

allyl alcohol OH B3LYP, probability density, moment of inertia = 5258.87 amu a3
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Figure S15: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for allyl alcohol-OH (top) and -OD (bottom). A
constant moment of inertia, based on the g minimum geometry, was used.
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6.3.6 Methoxymethanol

methoxymethanol OH B3LYP, probability density, moment of inertia = 5028.83 amu a3
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Figure S16: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for methoxymethanol-OH (top) and -OD (bottom). A
constant moment of inertia, based on the g minimum geometry, was used.
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6.3.7 Fluoromethanol

fluoromethanol OH B3LYP, probability density, moment of inertia = 4845.33 amu a3
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Figure S17: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for fluoromethanol-OH (top) and -OD (bottom). A
constant moment of inertia, based on the g minimum geometry, was used.
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6.3.8 2,2,2-Trifluoroethanol

trifluoroethanol OH B3LYP, probability density, moment of inertia = 5320.28 amu a3
1000
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Figure S18: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for 2,2,2-trifluoroethanol-OH (top) and -OD (bottom).
A constant moment of inertia, based on the g minimum geometry, was used.
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6.4 Secondary Alcohols
6.4.1 2-Propanol

2-propanol OH B3LYP, probability density, moment of inertia = 5141.79 amu a3
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Figure S19: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for 2-propanol-OH (top) and -OD (bottom). A constant
moment of inertia, based on the g minimum geometry, was used.
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6.4.2 Equatorial Cyclohexanol

cyclohexanol OH B3LYP, probability density, moment of inertia = 5291.79 amu a}

—— E/cm™hc = 116.58
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Figure S20: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for equatorial cyclohexanol-OH (top) and -OD (bottom).
A constant moment of inertia, based on the g minimum geometry, was used.

27



6.4.3 Cyclopropanol

cyclopropanol OH B3LYP, probability density, moment of inertia = 5127.61 amu aj
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Figure S21: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for cyclopropanol-OH (top) and -OD (bottom). A
constant moment of inertia, based on the g minimum geometry, was used.
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6.5 Tertiary Alcohols
6.5.1 tert-Butyl Alcohol

tert-butyl alcohol OH B3LYP, probability density, moment of inertia = 5293.62 amu a2
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Figure S22: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for tert-butyl alcohol-OH (top) and -OD (bottom). A
constant moment of inertia, based on the g minimum geometry, was used.
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6.5.2 Axial 1-Methylcyclohexanol

1-methylcyclohexanol ax OH B3LYP, probability density, moment of inertia = 5421.45 amu a}
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Figure S23: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for axial 1-methylcyclohexanol-OH (top) and -OD
(bottom). A constant moment of inertia, based on the g minimum geometry, was used.
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6.5.3 Equatorial 1-Methylcyclohexanol

1-methylcyclohexanol eq OH B3LYP, probability density, moment of inertia = 5384.87 amu a}
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Figure S24: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for equatorial 1-methylcyclohexanol-OH (top) and -OD
(bottom). A constant moment of inertia, based on the g minimum geometry, was used.
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6.5.4 1-Vinylcyclopropanol

vinylcyclopropanol OH B3LYP, probability density, moment of inertia = 5412.72 amu a3
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Figure S25: Electronic torsional potential (red trace), calculated at BSLYP-D3(BJ)/may-cc-pVTZ
level, with the three lowest torsional states for 1-vinylcyclopropanol-OH (top) and -OD (bottom).
A constant moment of inertia, based on the g minimum geometry, was used.
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7 Torsional Modelling of (+)-a-Fenchol

7.1 Calculated Properties of the Stationary Points of the Torsional Po-
tential for (+)-a-Fenchol

Table S6: Calculated properties of the stationary points for the torsional potential of (+)-a-fenchol
at DLPNO-CCSD(T)/aug-cc-pVQZ//B3LYP-D3(BJ)/may-cc-pVTZ level. 7(HCOH) is the tor-
sional dihedral angle, w, the harmonic torsional wavenumber (for protiated g+ and ¢ estimated
by averaging of two normal modes with similar torsional character), wg the harmonic OH or OD
stretching wavenumber, E the relative electronic energy at B3LYP or CCSD(T) level, E.q the
relative energy after harmonic zero-point correction excluding the torsional mode, Ej the relative
energy after full harmonic zero-point correction, I the moment of inertia regarding internal rotation
(before deflection as described in section 5).

quantity g— g+ t g—/9g+ g=/t g+/t
7(HCOH) / ° —52 452 %180 +1 118 4117
w,(OH) / cm™! 241 255 252 2300 258  310i
w,(OD) / cm™? 172 183 171 173i 1920 230i
ws(OH) / cm™! 3837 3829 3820 3878 3851 3838
ws(OD) / cm™! 2794 2787 2779 2824 2803 2794
EB3YP [ em~1he 0 13 52 213 383 526
ESOSPM J em~1he 0 -4 11 206 407 556
B ot/ em™the 0 3 122 233 440 567
B tob / em™the 0 127 219 428 558
By o/ em™~the 0 10 127 112 320 446
By op) )/ em™~the 0 9 126 133 343 472
I(OH) / amua 5272 5323 5303 5246 5219 5258
1(OD) / amua} 10288 10390 10414 10252 10207 10284
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7.2 Torsional Potentials for (+)-a-Fenchol
7.2.1 Ground State at BSLYP-D3(BJ) Level

fenchol OH B3LYP, probability density, moment of inertia = 5372.89 amu ag
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Figure S26: Electronic torsional potential (red trace) of (+)-a-fenchol calculated at B3LYP-
D3(BJ)/may-cc-pVTZ level. A constant moment of inertia, based on the g— minimum geometry,
was used for the protiated (top) and deuterated alcohol (bottom).
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7.2.2 Symmetrized Ground State at BSLYP-D3(BJ) Level

mean symmetric fenchol OH B3LYP, probability density, moment of inertia = 5373.10 amu a3
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mean symmetric fenchol OD B3LYP, probability density, moment of inertia = 10428.74 amu a3
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Figure S27: Electronic torsional potential (red trace) of (+)-a-fenchol calculated at B3LYP-
D3(BJ)/may-cc-pVTZ level (as in Figure S26) but symmetrized by averaging the two half-
potentials separated at the g—/g+ transition state. A constant moment of inertia, based on
the g— minimum geometry, was used for the protiated (top) and deuterated alcohol (bottom).
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7.2.3 Symmetrized Ground State at DLPNO-CCSD(T)//B3LYP-D3(BJ) Level

g+- symmetric fenchol OH DLPNO, probability density, moment of inertia = 5373.10 amu a3}
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g+- symmetric fenchol OD DLPNO, probability density, moment of inertia = 10428.74 amu a3
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Figure S28: Electronic torsional potential (red trace) of (+)-a-fenchol calculated at B3LYP-
D3(BJ)/may-cc-pVTZ level, scaled to DLPNO-CCSD(T)/aug-cc-pVQZ single-point corrections
for the six stationary points (as in Figure 10 of the main document) but symmetrized by averaging
the two half-potentials separated at the g—/g+ transition state. A constant moment of inertia,
based on the g— minimum geometry, was used for the protiated (top) and deuterated alcohol
(bottom).
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7.2.4 Ground State at Zero-point Corrected DLPNO-CCSD(T)//B3LYP-D3(BJ)

Level
fenchol OH with ZPE, probability density, moment of inertia = 5372.89 amu a3

800
—— E/cm™lhc = 103.63
—— E/cm~lhc=121.39

700 —— E/cm™the = 230.43
—— E/cm™thc = 27174
—— potential

500

energy / cm~lhc
&
g

300

N4

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
torsional dihedral HCOH /

fenchol OD with ZPE, probability density, moment of inertia = 10428.77 amu a3
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Figure S29: Alternative torsional potential (red trace) of (+)-a-fenchol calculated at B3LYP-
D3(BJ)/may-cc-pVTZ level, scaled to DLPNO-CCSD(T)/aug-cc-pVQZ single-point corrections
plus (different from Figure 10 in the main document) B3LYP vibrational non-torsional zero-point
energy for the six stationary points. A constant moment of inertia, based on the g— minimum
geometry, was used for the protiated (top) and deuterated alcohol (bottom). For the latter there
is an accidental near-degeneracy also between the third and fourth torsional state leading to weak
resonant mixing.
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7.2.5 OH/OD Stretch Excited State at DLPNO-CCSD(T)/aug-cc-pVQZ//B3LYP-
D3(BJ) Level and Franck-Condon Factors

excited fenchol OH DLPNO, probability density, moment of inertia = 5584.94 amu a2

—— E/em~lhe=112.71
—— E/cm~lhc = 123.36
700 4 —— E/cm~the = 214.74
= potential
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excited fenchol OD DLPNO, probability density, moment of inertia = 10669.93 amu a2
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Figure S30: Estimated torsional potential (red trace) of (4)-o-fenchol in the OH (top) or
OD (bottom) stretch excited state. Compared to the ground-state DLPNO-CCSD(T)/aug-cc-
pVQZ//B3LYP-D3(BJ)/may-cc-pVTZ potential in Figure 10 of the main document, in addition
the respective harmonic BSLYP OH or OD stretch wavenumber was added to the six stationary
points before scaling.
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Table S7: Franck-Condon factors <X71an9n>2 for (+)-a-fenchol-OH based on Figure 10 in the main
document and Figure S30.

| Xi1Z2h | 3= u | X3
=l | 0958 | 3.63102 | 456:10-°
XS uo | 3571072 | 0963 | 143107

XY 2.33-107° | 1.45-1076 0.914

Table S8: Franck-Condon factors for (4)-o-fenchol-OD based on Figure 10 in the main document
and Figure S30.

| XiZh | 3w | X3
X! =l 0.487 0.511 6.70-1078
XS = ug 0.510 0.488 1.63-1078
X3 2.43.1076 | 2.68-10~" 0.899
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7.2.6 OH/OD Stretch Excited State at Zero-point Corrected DLPNO-CCSD(T)/aug-
cc-pVQZ//B3LYP-D3(BJ) Level and Franck-Condon Factors

excited fenchol OH ZPE corrected, probability density, moment of inertia = 5584.94 amu a3
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Figure S31: Alternative estimated torsional potential (red trace) of (+)-a-fenchol in the OH (top)
or OD (bottom) stretch excited state. Compared with Figure S30, additional non-torsional zero-
point corrections at harmonic B3LYP level were added to the stationary points before scaling.
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Table S9: Franck-Condon factors (x}.,, x?n>2 for (+)-o-fenchol-OH based on Figures S29 and S31.

xi=h | x5=w X3
X9 = 1o 0.954 3.81-107% | 5.63-10°°
X3 = up | 3.65:1072 0.959 8.44-1076
X3 2.79-107° | 9.82:10°6 0.914
Table S10: Franck-Condon factors <X}n,xgn>2 for (+)-a-fenchol-OD based on Figures S29 and S31.
Xi X3 X3
= 0.979 1.79-1072 | 1.47-10~7
XS = ug | 1.73-1072 0.978 1.75-1077
3 6.74-107* | 2.75-1074 0.731
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7.2.7 Artificial Localization of the Ground State at DLPNO-CCSD(T)/aug-cc-pVQZ//
B3LYP-D3(BJ) Level

fenchol OH 10~6cm barrier, probability density, moment of inertia = 5372.89 amu a3
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fenchol OD 10" 6cm barrier, probability density, moment of inertia = 10428.77 amu aj
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Figure S32: Electronic torsional potential (red trace) of (4)-o-fenchol-OH (top) and -OD (bot-
tom) calculated at B3LYP-D3(BJ)/may-cc-pVTZ level, scaled to DLPNO-CCSD(T)/aug-cc-pVQZ
single-point corrections for the six stationary points as in Figure 10 of the main document, but with

an additional narrow (1°) and towering (10° cm™1hc) rectangle barrier at the g—/g+ transition
state to suppress tunneling.
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fenchol OH 10”~6cm barrier g+ 9.5cm higher, probability density, moment of inertia = 5372.89 amu a3
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Figure S33: Same as Figure S32 but the g+ well has been lifted (by 9.5cm~'he for OH and
0.8 cm™!he for OD) to reproduce the same torsional splitting as with tunneling (Figure 10 in the
main document).
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7.2.8 Artificial Localization of the OH/OD Stretch Excited State at DLPNO-CCSD(T)/
aug-cc-pVQZ//B3LYP-D3(BJ) Level

excited fenchol OH 10~6cm barrier, probability density, moment of inertia = 5584.94 amu a3

—— E/em~the = 122.59
—— E/cm™the = 124.14

700 1 —— Efcm™lhe = 21477
= potential
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! o P

-180 -150 -120 -90

400
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excited fenchol OD 10" 6cm barrier, probability density, moment of inertia = 10669.93 amu a}

—— E/cm~the = 88.53
—— Efcm~lhc = 90.18

700 4 —— E/cm~hc = 187.09
= potential
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Figure S34: Estimated torsional potential (red trace) of (+)-a-fenchol in the OH (top) or OD
(bottom) stretch excited state, based on Figure S30, but with an additional narrow (1°) and
towering (10% cm~1hc) rectangle barrier at the g—/g+ transition state to suppress tunneling.
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7.3 Dependence of Torsional Properties on the Asymmetry

7.3.1 (De-)Localization
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Figure S35: Dependence of the probability density P share in the g— and g+ potential wells of
the two lowest torsional states of (+)-a-fenchol in the OH/OD ground (bottom) and excited state

(top) on the variation of the asymmetry (via lifting of the g— potential minimum before scaling)
starting from Figure 10 in the main document and Figure S30.
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7.3.2 Franck-Condon Factors
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Figure S36: Dependence of the Franck-Condon factors FCFs between the two lowest torsional
states of (+)-a-fenchol-OH (top) and -OD (bottom) on the variation of the asymmetry (via con-
certed lifting of the g— potential minima before scaling) starting from the electronic DLPNO-
CCSD(T) /aug-cc-pVQZ//B3LYP-D3(BJ) /may-cc-pVTZ potential (Figure 10 in the main docu-
ment and Figure S30).
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7.3.3 Torsional Splitting
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Figure S37: Dependence of the total torsional splitting T between the two lowest states of (4)-
o-fenchol (OH and OD as well as stretch ground and excited states) on the variation of the
asymmetry (via lifting of the g— potential minimum before scaling) starting from the electronic
DLPNO-CCSD(T)/aug-cc-pVQZ//B3LYP-D3(BJ) /may-cc-pVTZ potential (Figure 10 in the main
document and Figure S30).
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8 Modelling of Methanol in the OH Stretch Ground

Excited State

400

excited methanol OH DLPNO, probability density, moment of inertia = 4189.74 amu a3
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= potential
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Figure S38: Bottom: Electronic torsional potential (red trace) for the OH stretch ground state of
methanol calculated at B3LYP-D3(BJ)/may-cc-pVTZ level and scaled to DLPNO-CCSD(T)/aug-
cc-pVQZ single-point corrections for the stationary points. A constant moment of inertia, based

on the minimum geometry, was used.

Top: Estimated torsional potential (red trace) for the OH stretch excited state of methanol by also
adding the harmonic BSLYP OH stretch wavenumbers at the stationary points before scaling. A
constant moment of inertia, based on the minimum geometry, was used.
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9 Modelling of Propargyl Alcohol in the OH Stretch Ground
and Excited State as well as Franck-Condon Factors

excited propargyl alcohol OH DLPNO, probability density, moment of inertia = 5380.69 amu a}

—— E/cm~the = 112.90
—— E/cm~lhc = 12079
—— E/cm~lhc = 29774
= potential
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Figure S39: Bottom: Electronic torsional potential (red trace) for the OH stretch ground state
of propargyl alcohol calculated at B3LYP-D3(BJ)/may-cc-pVTZ level and scaled to DLPNO-
CCSD(T)/aug-cc-pVQZ single-point corrections for the stationary points. A constant moment
of inertia, based on the g minimum geometry, was used.

Top: Estimated torsional potential (red trace) for the OH stretch excited state of propargyl alco-

hol by also adding the harmonic B3LYP OH stretch wavenumber at the stationary points before
scaling.
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Table S11: Franck-Condon factors (x}., X%L>2 for propargyl alcohol based on Figure S39.
| Xi=h | x3=w X3
lo 0.999 5.03-10%% | 5.14-.1071
uo | 5.79-10728 1.000 3.65-10%7
5.17-10* | 3.66-1027 0.999

1

Pl adas
Lwororg
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10 List of Isomers of Propargyl Alcohol Dimers

Table S12: Isomers of propargyl alcohol dimers in the nomenclature explained in the main docu-
ment and, where available, notation of Ref. 27 with relative zero-point corrected energy at B3LYP-
D3(BJ)/may-cc-pVTZ level. No isomers of the gt-hom-O97 or the gg-hom-O'V type could be found
as they kept converging into different motifs in all attempts of optimization. Not considered were
the TV and VV motifs. There is also the possibility of further OV minima existing with different
C00’C/, dihedrals (describing an internal rotation about the hydrogen bond), which were not
explored systematically due to the high energies of all known isomers of this motif and the lack of
experimental indications.

notation this work notation Ref. 27  FEy/kJmol !

gg-hom-Q97t Structure 1 0
gg-hom-O'm Structure 5 1.2
gg-het-mrrt 1.9
gg-hom-7t7t 2.7
gg-het-Otr Structure 5A 2.7
gg-het-O97t 2.8
gg-het-O9V Structure 3 3.6
gg-het-O'V Structure 4 4.1
gg-hom-O9V Structure 2 4.3
gt-het-O97t Structure 6 6.9
tg-09IV 12.6
tg-OtV 13.9
t-09V Structure 7 17.6
gt-hom-O97 Structure 6A not stable
gg-hom-OtV not stable
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11 Concentration Dependence of the FTIR Jet Spectrum
of Propargyl Alcohol

3700 3600 3500 3400 3300 3200 3100
vl cm_1

Figure S40: Comparison between FTIR jet spectra in the OH stretching range of propargyl alcohol
at two different saturator temperatures with otherwise identical conditions. The spectrum obtained
when using —10°C is scaled by a factor of 2.21 to match the intensity of the band at 3562 cm ™! of
the spectrum at +1°C. It can bee seen that the four bands between 3600 and 3500,cm~! depend
very similarly on the concentration and are therefore assigned to the same cluster size (dimers).
Signals at higher wavenumbers scale less steeply with the concentration (assigned to monomers),
while signals at lower wavenumber scale more steeply (assigned to larger clusters). The cropped
intense signal at 3331 cm ™! is the acetylenic CH stretch.
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12 Leading Isomers of (+)-a-Fenchol Dimers

Table S13: Properties of leading isomers of (+4)-o-fenchol dimers at B3LYP-D3(BJ)/may-cc-
pVTZ level obtained from reoptimization of the results from a conformational search at B3LYP-
D3(BJ)/def-TZVP level up to 3.1kJmol~!. Given are the constituting monomer conformers, the
relative zero-point corrected energy as well as the harmonic OH stretching donor and acceptor

wavenumbers.

donor acceptor EO/ wdonor/ wacceptor/
kJmol™' cm~™ cm™

g— t 0 3639 3815

g+ t 1.5 3638 3819

g— g+ 1.8 3636 3805

g— g— 1.9 3651 3827

t t 3.0 3652 3814

g— t 3.2 3612 3814
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13 Calculation of Raman Cross Sections

In a first step the Raman activities Agr and depolarisation ratios P from the Gaussian 09 output
are converted into the derivatives of the isotropic and anisotropic polarisability o’ and ' according
to eqn 1 and 2.28

A 7P
12 R
T ( 3P+3) (1)

ARrP

2 R

= 2
3P+3 ()

Detection sensitivity for differently polarised light is accounted for by the empirically deter-
mined polynomial in eqn 3 (determined by M. Gawrilow, Ref. 29). For 7 the corrected harmonic
values are used.

f() =1.7654
+2.6970 - 10~ % cm?® - ( )
+0.4316 - 10" em? - ( )
—1.1285- 10" cm® - ( )
—0.1278 - 10~ em® - (# — 2000 cm~*)®
+0.1926 - 10 %2 cm” - ( )
+0.1029 - 10~ *¢ ecm® - ( )
—1.1527- 1073 cm? - ( )

Raman cross sections o(7) are finally obtained through eqn 4, using the laser wavelength
ALaser = 532.27 nm.

2 AL (Mke —7)° 3772
O’(l}) _ ™ 45£aser . ( Lascrﬁ ) A (45a/2+4,7/2 + fzﬂ)) (4)
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14 Used Keywords for Calculations

14.1 Gaussian 09 Rev. E.O01

B3LYP-D3(BJ) /may-cc-pVIZ geometry optimization:
# B3LYP empiricaldispersion=GD3BJ may-cc-pVTZ int=ultrafine fopt=verytight freq=raman

B3LYP-D3(BJ) /may-cc-pVTZ transition state optimization:
# B3LYP empiricaldispersion=GD3BJ may-cc-pVIZ int=ultrafine opt=(ts,calcfc,noeigen,verytight)

PBEO-D3(BJ) /may-cc-pVTZ geometry optimization:
# PBEIPBE empiricaldispersion=gd3bj may-cc-pvtz int=ultrafine fopt=verytight freq=raman

B2PLYP-D3(BJ) /may-cc-pVIZ geometry optimization:
# B2PLYPD3 may-cc-pvtz int=ultrafine fopt=verytight freq

MP2/6-311++g(d,p) geometry optimization:
# MP2 6-311++g(d,p) scf=tight fopt=verytight freq

B3LYP-D3(BJ) /may-cc-pVIZ torsional scan:
# B3LYP empiricaldispersion=GD3BJ may-cc-pVTZ int=ultrafine opt=modredundant

14.2 ORCA version 4.2.1

DLPNO-CCSD(T) /aug-cc-pVTZ single-point:
! DLPNO-CCSD(T) TightPNO aug-cc-pVQZ aug-cc-pVQZ/C TightSCF
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15 Experimental Band Positions and Assignments

Table S14: Experimental band positions and assignments for the spectra of «-fenchol-OH.

7/em~!  assignment

3675 g up < lo

3666 g li <l

3659 g up < ug

3657 H50O symmetric stretch
3650 g l1 + up

3646 t

3633 dimer acceptor

3499 dimer donor

Table S15: Experimental band positions and assignments for the spectra of o-fenchol-OD.

7/em~!  assignment

2733 overtone/combination
2723 overtone/combination
2723 HDO

2718 MeOD

2713 unassigned

2707 g u; < lo

2704 g i<l

2700 g Uy + Ug

2697 g l1 + ug

2689 t

2680 dimer acceptor
2671 D50 symmetric stretch
2585 dimer donor

Table S16: Experimental band positions and assignments for the spectra of propargyl alcohol.

7/cm™!
3680 g up < lo
3662 g lh <y
3658 g Uy < Up
3640 g l1 + ug
3581 gg-hom-Ofmt OH- - -7
3562 gg-hom-O97t out-of-phase
3532 gg-hom-O97 in-phase
3507 gg-hom-Otmt OH--- O
3452 larger clusters (trimers?)
3331 acetylenic CH stretch
3400-3100 larger clusters

assignment
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