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Figure S1. Rotational spectrum of benzyl mercaptan in the 3-8 GHz frequency region. The positive

trace shows the experimental spectrum; the negative trace is the simulation of fitted rotational

constants of the monomer and the dimer (isomer 1, GG-GG-Lp-).
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Figure S2. The most stable isomers of the benzyl mercaptan dimer, classified by their intermolecular interactions and ordered by the relative

electronic energy (AEzpg, kJ/mol) calculated using B3LYP-D3(BJ)/def2-TZVP. Isomers in the dashed rectangle exhibit a sulfur S-H---S hydrogen
bond. The only symmetric isomers are 5 (C2), 9 (C2) and 11 (C)).
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Figure S3. A rotatable 3D figure of the two most stable isomers of the benzyl mercaptan dimer.




Figure S4. A comparison of the two asymmetric (C;) most stable isomers of the benzyl mercaptan
dimer. Isomers 1 (G'G"-G'G’-Lp+ = GG-GG-Lp-, left) and 2 (G'G"-G'G’-Lp- = GG-GG-Lp+, right),
are both homochiral but differ in the acceptor lone pair position of sulfur (the dihedral formed by the
lone pair or ©(LpS-CaCipso) have different signs for isomer 1 and isomer 2), producing a change of

relative orientation between the rings.




Figure S5. A comparison of the two asymmetric (C;) most stable isomers of the benzyl mercaptan
dimer. Isomers 1 (G'G’-G’'G’-Lp+ = GG-GG-Lp-, left) and 3 (GG-G'G’-Lp+ = G'G"-GG-Lp-, right)
differ in the stereochemistry of the donor group, either homochiral in isomer 1 or heterochiral in isomer

3.




Figure S6. The most stable symmetric dimer of benzyl mercaptan (isomer 5 GG-GG-nw) has C>
symmetry but avoids the parallel arrangement of the two phenyl rings, unlike in the symmetric benzyl
alcohol dimer. The Figure shows the (a, b, ¢) principal inertial axes, with a vector pointing in the C:

(= b) symmetry axis direction.




Figure S7. A comparison of the NCI Plots for isomers 1 (G'G’-G'G’-Lp+ = GG-GG-Lp-, upper
panel) and 2 (G'G’-G’G’-Lp- = GG-GG-Lp+, lower panel) of the benzyl mercaptan dimer.
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Table S1. Rotational parameters of benzyl mercaptan.

Conformer GG
Experiment ? Theory °
v=0 v=1
A/MHz ¢ 4167.4584(15)¢ 4167.7017(15)  4185.0
B/MHz 1001.61056(41) 1001.59720(36) 1000.6
C/MHz 891.69084(39) 891.65660(37) 891.0
D,/ kHz 0.1550(41) 0.127
Dyk /kHz ¢ 2.506(22) 1.809
Dk / kHz 0.288(77) 1.726
d;/kHz [0.0]" 0.0038
d>/ kHz [0.0] 0.0048
AEo1 / MHz © 2180.4879(35)
Fa» / MHz 96.3332(14)
Fv./ kHz 17.88461(23)
o/ kHz 11.5
N 102
Ha /D 1.2
up/ D 0.6
ue/ D 0.4
uroraL / D 2.0
AEzpr/ k] mol ! f 0.0
AG / kJ mol’! 0.0
HS—-CaCipso / deg 53.7
SCa—CipsoCortho / deg 75.3

*Taken from J. Phys. Chem. A, 2019, 123, 8435-8440. "B3LYP-D3(BJ)/def2-TZVP.
°Rotational constants for the first two torsional sub-states (4, B, C). ‘Watson’s S-
reduction centrifugal distortion constants (Ds, Duk, Dk, di, d2). “Energy difference
between the first torsional substates (AEo1), Coriolis coupling parameters (Fab, Fbe),
standard error of the fit () and number of measured transitions (N). ‘Electronic
energies, Gibbs energy (298 K, 1 atm) and structural parameters. £Standard errors in
parentheses in units of the last digit. "Fixed to zero.



Table S2. Atomic coordinates of benzyl mercaptan gauche GG.

Atom ? alA b/A c/A
C -0.0169 -0.1437 -0.4479
C -0.7969 -1.2538 -0.1316
C -2.1177 -1.1014 0.2762
C -2.6742 0.1672 0.3697
C -1.9029 1.2821 0.0542
C -0.5849 1.1268 -0.3484
H -0.3675 -2.2459 -0.2079
H -2.7108 -1.9742 0.5172
H -3.7024 0.2888 0.6846
H -2.3313 2.2739 0.1230
H 0.0172 1.9973 -0.5785
C 1.4117 -0.3190 -0.8670
H 1.6641 0.3428 -1.6958
H 1.6015 -1.3418 -1.1873
S 2.6251 0.1323 0.4408
H 2.1100 -0.6585 1.3965

*Atomic coordinates in the principal axes system (a, b, ¢) according to
B3LYP-D3(BJ)/def2-TZVP.
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Table S3. Conformational search for the benzyl mercaptan dimer (B3LYP-D3(BJ)/def2-TZVP) and

comparison with the experimental rotational parameters.

Experiment 1 2 3
Isomer GG-GG-Lp- GG-GG-Lp+ G'G’-GG-Lp-
A/MHz?* 490.79216(17)¢ 498.41 535.19 510.98
B/ MHz 344.12732(12) 352.92 332.27 340.02
C/MHz 317.21115(11) 325.95 302.16 320.98
D,/ kHz 0.03861(51) 0.0323 0.0667 0.0471
Dk /kHz 0.0642(18) 0.0584 -0.1183 -0.0064
Dk / kHz -0.0718(20) -0.0662 0.2012 0.0411
d;/ kHz -0.00375(33) -0.0026 -0.0002 -0.0028
d>/ kHz 0.00089(13) 0.0007 -0.0007 0.0007
lal / D ++ 1.5 0.4 1.1
lus| / D ++ 1.7 1.3 1.6
lue| / D ++ 1.3 0.8 0.5
HBond donor °
HS—CaCipso / deg -39.62 -49.89 40.21
SCa—CipsoCortho / deg -57.39 -70.22 64.92
HBond acceptor
HS—CoaCipso / deg -53.09 -45.03 -44.53
SCa—CipsoCortho / deg -67.56 -56.82 -70.87
#(S---H)/ A 2.684 2.879 2.728
Z(S—H---S) / deg 164.81 138.54 160.91
r(S—H:--centroid) / A 2.527 2.408 2.558
AE/ kJ mol !¢ 0.0 1.8 3.3
AG /kJ mol! 0.7 0.0 1.8
E. /kJ mol! -41.3 -38.2 -36.7
AE./ kJ mol! 0.0 3.1 4.6
N4 337
o/ kHz 8.5

ﬁ& . ’%O c%g%

2Rotational constants (4, B, C), Watson’s S-reduction centrifugal distortion constants (D, Dk, Dk, di, d>) and
electric dipole moments (4, o = a, b, ¢). *Structural parameters of the dimer. “Relative electronic energies (AE)
with zero-point correction, Gibbs energy (AG, 298K, 1 atm), complexation energies (E£.) and relative
complexation energies (AE.). “Number of transitions (N) and rms deviation (o) of the fit. °Standard errors in units
of the last digit.
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Table S3. Continued.

4 5 6 7
Isomer GG-GG-ir GG-GG-t GG-G’G’ G’'G’-G’G’
A/MHz? 578.49 500.52 510.75 540.01
B/MHz 336.90 377.60 342.43 313.16
C/MHz 279.49 260.22 321.26 239.80
Dy/kHz 0.0444 0.0926 0.0873 0.0648
Dyx/kHz -0.1414 -0.1114 0.3314 -0.1205
Dk / kHz 0.4325 0.0303 -0.0658 0.2118
d; / kHz -0.0061 0.0261 -0.0075 -0.0120
d>/ kHz -0.0018 0.0075 0.0041 -0.0021
lual / D 0.0 0.1 0.7 0.3
lus| / D 0.0 0.1 0.0 1.9
lue| / D 2.2 0.4 1.6 0.2
HBond donor ®
HS—-CaCipso / deg -61.44 60.60 -57.58 -49.39
SCa—CipsoCortho / deg -58.80 51.35 -60.79 -84.71
HBond acceptor
HS—-CaCipso / deg -61.44 60.37 63.43 -64.14
SCa—CipsoCortho / deg -58.80 73.21 87.41 -81.45
H(S---H)/ A 2.797 2.658
Z(S-H---S) / deg 162.56 154.84
#(S—H---centroid) / A 2.521 2.482
2.520 2.469
AE/ kJ mol !¢ 4.4 4.6 5.5 6.8
AG /kJ mol! 1.0 1.5 0.1 2.4
Ec /kJ mol! -34.81 -35.65 -33.39 -32.55
AE. / kJ mol! 6.44 5.61 7.87 8.70

aRotational constants (4, B, C), Watson’s S-reduction centrifugal distortion constants (D,, Dk, Dk, di, d>)
and electric dipole moments (i, 0. = a, b, ¢). ®Structural parameters of the dimer. “Relative electronic energies
(AE) with zero-point correction, Gibbs energy (AG, 298K, 1 atm), complexation energies (£.) and relative
complexation energies (AE,).
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Table S3. Continued.

8 9 10 11
Isomer G'G’-GG GG-GG GG-G'G’ GG-G’G’
A/ MHZz[] 474.03 462.48 466.32 465.46
B /MHz 346.66 361.47 400.86 357.27
C/MHz 258.85 238.73 270.71 237.28
D,/ kHz 0.1701 0.0584 0.0858 0.0461
Dk /kHz -0.2747 -0.0798 -0.1231 -0.0540
Dk / kHz 0.1359 0.0324 0.0701 0.0181
d; / kHz -0.0347 -0.0072 0.0159 -0.0014
d>/ kHz 0.0258 0.0005 0.0184 0.0043
ltal / D 1.0 0.0 0.8 0.0
lus| / D 0.7 0.0 1.9 0.0
lue| / D 1.8 1.3 0.7 0.0
HBond donor
HS—CoaCipso / deg -59.37 55.18 46.51 -55.26
SCa—CipsoCortho / deg -71.38 65.43 84.25 -64.59
HBond acceptor
HS—CoaCipso / deg 56.10 55.19 -64.68 55.25
SCa—CipsoCortho / deg 71.56 65.71 -93.96 64.73
r(S---H)/ A 2.690
Z(S-H---S) / deg 176.46
#(S—H---centroid) / A 2.559 2.554
2.647 2.552
AE/ kJ mol!le] 8.0 9.0 9.2 9.2
AG /kJ mol! 0.0 3.5 53 3.0
Ec /kJ mol! -30.46 -30.46 -30.29 -30.08
AE. / kJ mol! 10.79 10.79 10.96 11.17
D Q - 'A\B
o
& ’ oy o®
[+% Y w

C ° ° QL

2Rotational constants (4, B, C), Watson’s S-reduction centrifugal distortion constants (D, Dy, Dk, d,
d>) and electric dipole moments (i, & = a, b, ¢). ®Structural parameters of the dimer. ‘Relative electronic
energies (AE) with zero-point correction, Gibbs energy (AG, 298K, 1 atm), complexation energies (E.)
and relative complexation energies (AE.).



Table S4. List of observed rotational transitions of the benzyl mercaptan dimer GG-GG-Lp- and
(observed — calculated, o-c) residuals for the fit of Table 1 (all units in MHz).

J' K/ K/

S
i

" K" Freq./MHz  o-c/MHz

5 1 3003.2615 0.0014
15 10 3014.5209 0.0033
15 10 3014.5209 0.0033
15 10 3014.5209 0.0023
15 10 3014.5209 0.0023
14 10 3019.1913 -0.0132
14 10 3019.1913 -0.0132
14 10 3019.1913 -0.0135
14 10 3019.1913 -0.0135
13 10 3023.0051 0.0021
13 10 3023.0051 0.0021
13 10 3023.0051 0.0020
13 10 3023.0051 0.0020
12 10 3026.0395 0.0009
12 10 3026.0395 0.0009
12 10 3026.0395 0.0009
12 10 3026.0395 0.0009
11 10 3028.4302 0.0055
11 10 3028.4302 0.0055
11 10 3028.4302 0.0055
11 10 3028.4302 0.0055

3044.5916 0.0067
3092.0905 0.0037
3185.8517 -0.0026
3205.8200 0.0063
3227.1334 0.0039
3250.8942 -0.0060
3253.3122 -0.0034
3292.1765 0.0011
3299.1824 0.0032
3315.7372 0.0020
3321.1660 0.0044
3354.8164 0.0026
3356.2760 -0.0030
3437.4243 -0.0059
3439.2828 -0.0005
3445.8361 0.0015
3453.9662 -0.0039
3455.8224 -0.0008
3615.2616 -0.0016
3652.1950 -0.0031
3718.4073 0.0076
3727.7143 0.0075
3748.8557 0.0072
3755.3324 -0.0022
3766.6115 0.0317
3766.6115 0.0142
3766.8209 -0.0259
3766.8209 -0.0434
3842.2952 0.0053
3883.5613 -0.0036
3907.9721 -0.0036
3919.5039 0.0001
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