
S1

Electronic Supporting Information

Noncovalent Interactions of Aromatic Heterocycle: Rotational 

Spectroscopy and Theoretical Calculations of the Thiazole-CF4 and 

Thiazole-SF6 Complexes

Tingting Yang, Yugao Xu, Zhen Wang, Chunmei Feng and Gang Feng*

School of Chemistry and Chemical Engineering, Chongqing University, Daxuecheng 
South Rd. 55, 401331, Chongqing, China. Email: fengg@cqu.edu.cn

Contents:
Fig. S1 The potential energy surface for the internal motion of -CF3.

Fig. S2 Conformational interconversion pathways between low energy conformers of 
thiazole-CF4 calculated at the B3LYP-D3(BJ)/def2-TZVP level.

Fig. S3 Conformational interconversion pathways between low energy conformers of 
thiazole-SF6 calculated at the B3LYP-D3(BJ)/def2-TZVP level.

Fig. S4 Average absolute percentage deviation between experimental rotational 
constants and theoretical values for the thiazole-CF4 (top) and thiazole-SF6 (bottom) 
clusters calculated at different levels of theory.

Table S1 The B3LYP-D3(BJ)/def2-TZVP calculated geometries, zero-point energies 
of the thiazole-SF6 complex.

Table S2 Theoretical spectroscopic parameters of thiazole-CF4 complex calculated at 
different levels of theory.

Table S3 Theoretical spectroscopic parameters of thiazole-SF6 complex calculated at 
different levels of theory.

Table S4 Experimental transition frequencies of the thiazole-CF4 complex.

Table S5 Experimental transition frequencies of the thiazole-SF6 complex.

Table S6 The partial r0 structure of the observed conformers together with theoretical 
structure (re).

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2023



S2

Fig. S1 The potential energy curve of the internal rotation of -CF3 top around C7-F9 
calculated at the B3LYP-D3(BJ)/def2-TZVP level of theory.
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Fig. S2 Conformational interconversion pathways between low energy conformers of 
thiazole-CF4 calculated at the B3LYP-D3(BJ)/def2-TZVP level.
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Fig. S3 Conformational interconversion pathways between low energy conformers of 
thiazole-SF6 calculated at the B3LYP-D3(BJ)/def2-TZVP level of theory.
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Fig. S4 Average absolute percentage deviation between experimental rotational 
constants and theoretical values for the thiazole-CF4 (top) and thiazole-SF6 (bottom) 
clusters calculated at different levels of theory.
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Table S1 The B3LYP-D3(BJ)/def2-TZVP calculated geometries, zero-point energies 
of the thiazole-SF6 complex.

S_I S_II S_III
ΔE0/kJ mol−1 0.00 0.01 1.92
A/MHz 1539 1503 1843
B/MHz 402 412 318
C/MHz 394 400 304
χaa/MHz 1.84 2.93 1.55
χbb/MHz −1.27 −3.27 −4.44
χcc/MHz −0.57 0.34 2.89
DJ/kHz 0.17 0.11 0.21
DJK/kHz 0.78 0.92 15.61
DK/kHz 0.14 −0.91 −9.38
d1/Hz −18.16 −2.49 2.77
d2/Hz 0.91 0.40 15.18
|μa|/D 0.7 0.1 0.3
|μb|/D 0.9 1.3 1.6
|μc|/D 1.0 0.8 0.2
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Table S2 Theoretical spectroscopic parameters of thiazole-CF4 complex calculated at 
different levels of theory.

A /MHz B /MHz C /MHz
Exp. 3127.600 428.745 403.892

B3LYP-D3/def2-TZVPa 3113 (0.47%) 430(0.29%) 405(0.27%)
PBE-D3/def2-TZVPa 3071(1.81%) 420(2.04%) 395(2.20%)

ꞷB97X-D/def2-TZVPa 3142(0.46%) 438(2.16%) 412(2.01%)
M062X-D/def2-TZVPa 3163(1.13%) 456(6.36%) 428(5.97%)

B3LYP-D3/aug-cc-pVTZa 3102(0.82%) 427(0.41%) 402(0.47%)
B3LYP-D3(BJ)/def2-TZVPb 3114(0.43%) 430(0.29%) 405(0.27%)

a Calculations performed using BDF program.

b Calculations performed using Gaussian 16.
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Table S3 Theoretical spectroscopic parameters of thiazole-SF6 complex calculated at 
different levels of theory.

A /MHz B /MHz C /MHz
Exp. 1567.353 392.245 384.819

B3LYP-D3/def2-TZVPa 1537(1.94%) 403(2.74%) 395(2.65%)
PBE-D3/def2-TZVPa 1514(3.40%) 385(1.85%) 378(1.77%)

ꞷB97X-D/def2-TZVPa 1570(0.16%) 391(0.32%) 384(0.21%)
M062X-D/def2-TZVPa 1592(1.57%) 413(5.29%) 405(5.24%)

B3LYP-D3/aug-cc-pVTZa 1524(2.77%) 400(1.98%) 392(1.87%)
B3LYP-D3(BJ)/def2-TZVPb 1539(1.81%) 402(2.49%) 394(2.39%)

a Calculations performed using BDF program.

b Calculations performed using Gaussian 16.



S9

Table S4 Experimental transition frequencies of the thiazole-CF4 complex.

J′  
Ka′  
Kc′  
Kc′  

Ka′  
Kc′

Kc′  
Kc′

F' J′′  
J′′  
J′′  
J′′  
J′′  
J′′  
Ka′′  
Kc′′  
Kc′′

Ka′′ Kc′′ F'' Sy
m

νobs/MHz νobs-

calc/MHz9 0 9 8 8 0 8 7 A 7474.5837 0.0116
9 0 9 9 8 0 8 8 A 7474.5837 0.0092
9 0 9 10 8 0 8 9 A 7474.5989 0.0060
9 0 9 8 8 0 8 7 E 7473.6756 0.0148
9 0 9 9 8 0 8 8 E 7473.6756 0.0126
9 0 9 10 8 0 8 9 E 7473.6756 -0.0060
9 1 8 9 8 1 7 8 A 7597.2697 0.0080
9 1 8 8 8 1 7 7 A 7597.2860 0.0171
9 1 8 10 8 1 7 9 A 7597.2860 0.0018
9 1 8 9 8 1 7 8 E 7595.4525 0.0001
9 1 8 8 8 1 7 7 E 7595.4525 -0.0059
9 1 8 10 8 1 7 9 E 7595.4685 -0.0054
9 1 9 9 8 1 8 8 A 7380.0877 0.0001
9 1 9 8 8 1 8 7 A 7380.0877 -0.0025
9 1 9 10 8 1 8 9 A 7380.1096 -0.0030
9 1 9 9 8 1 8 8 E 7381.2602 -0.0015
9 1 9 8 8 1 8 7 E 7381.2602 -0.0054
9 1 9 10 8 1 8 9 E 7381.2743 -0.0135
10 1 9 10 9 1 8 9 A 8439.9113 0.0075
10 1 9 9 9 1 8 8 A 8439.9113 0.0019
10 1 9 11 9 1 8 10 A 8439.9319 0.0098
10 1 9 10 9 1 8 9 E 8438.3010 -0.0002
10 1 9 9 9 1 8 8 E 8438.3010 -0.0051
10 1 9 11 9 1 8 10 E 8438.3194 0.0006
10 1 10 10 9 1 9 9 A 8198.7989 0.0018
10 1 10 9 9 1 9 8 A 8198.7989 0.0000
10 1 10 11 9 1 9 10 A 8198.8226 0.0054
10 1 10 10 9 1 9 9 E 8199.6634 -0.0007
10 1 10 9 9 1 9 8 E 8199.6634 -0.0033
10 1 10 11 9 1 9 10 E 8199.6634 -0.0215
10 3 7 10 9 3 6 9 A 8328.4326 -0.0086
10 3 7 9 9 3 6 8 A 8328.5170 -0.0108
10 3 7 11 9 3 6 10 A 8328.5170 -0.0142
10 3 8 10 9 3 7 9 A 8327.9160 0.0081
10 3 8 9 9 3 7 8 A 8327.9971 0.0021
10 3 8 11 9 3 7 10 A 8327.9971 -0.0012
10 3 8 10 9 3 7 9 E 8328.8824 -0.0636
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10 3 8 9 9 3 7 8 E 8328.9912 -0.0416
10 3 8 11 9 3 7 10 E 8328.9912 -0.0450
11 0 11 11 10 0 10 10 A 9123.9743 0.0066
11 0 11 10 10 0 10 9 A 9123.9743 0.0023
11 0 11 12 10 0 10 11 A 9123.9933 0.0077
11 0 11 11 10 0 10 10 E 9122.7092 0.0111
11 0 11 10 10 0 10 9 E 9122.7092 0.0065
11 0 11 12 10 0 10 11 E 9122.7283 0.0121
11 1 10 11 10 1 9 10 A 9282.0505 0.0063
11 1 10 10 10 1 9 9 A 9282.0505 0.0015
11 1 10 12 10 1 9 11 A 9282.0675 0.0079
11 1 10 11 10 1 9 10 E 9280.5433 -0.0019
11 1 10 10 10 1 9 9 E 9280.5433 -0.0063
11 1 10 12 10 1 9 11 E 9280.5605 0.0003
11 1 11 11 10 1 10 10 A 9017.1185 -0.0004
11 1 11 10 10 1 10 9 A 9017.1185 -0.0018
11 1 11 12 10 1 10 11 A 9017.1375 0.0019
11 1 11 11 10 1 10 10 E 9017.7689 -0.0039
11 1 11 10 10 1 10 9 E 9017.7689 -0.0058
11 1 11 12 10 1 10 11 E 9017.7877 -0.0023
11 2 9 11 10 2 8 10 A 9186.5293 -0.0028
11 2 9 10 10 2 8 9 A 9186.5322 -0.0137
11 2 9 12 10 2 8 11 A 9186.5470 -0.0093
11 2 9 11 10 2 8 10 E 9180.7672 -0.0176
11 2 9 10 10 2 8 9 E 9180.7790 -0.0166
11 2 9 12 10 2 8 11 E 9180.7926 -0.0138
11 2 10 11 10 2 9 10 A 9151.9099 0.0038
11 2 10 10 10 2 9 9 A 9151.9237 -0.0089
11 2 10 12 10 2 9 11 A 9151.9397 -0.0028
11 2 10 11 10 2 9 10 E 9159.0067 0.0205
11 2 10 10 10 2 9 9 E 9159.0282 0.0127
11 2 10 12 10 2 9 11 E 9159.0401 0.0151
11 3 8 11 10 3 7 10 A 9162.0491 0.0074
11 3 8 10 10 3 7 9 A 9162.1125 0.0078
11 3 8 12 10 3 7 11 A 9162.1125 0.0030
11 3 9 11 10 3 8 10 A 9161.1867 0.0109
11 3 9 10 10 3 8 9 A 9161.2432 0.0037
11 3 9 12 10 3 8 11 A 9161.2432 -0.0010
11 3 9 11 10 3 8 10 E 9162.4208 -0.0407
11 3 9 10 10 3 8 9 E 9162.5094 -0.0154

11 3 9 12 10 3 8 11 E 9162.5094 -0.0202
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12 0 12 12 11 0 11 11 A 9946.2902 0.0063
12 0 12 11 11 0 11 10 A 9946.2902 -0.0004
12 0 12 13 11 0 11 12 A 9946.3072 0.0054
12 0 12 12 11 0 11 11 E 9944.8224 0.0105
12 0 12 11 11 0 11 10 E 9944.8224 0.0036
12 0 12 13 11 0 11 12 E 9944.8398 0.0097
12 1 11 12 11 1 10 11 A 10123.6230 0.0034
12 1 11 11 11 1 10 10 A 10123.6230 -0.0011
12 1 11 13 11 1 10 12 A 10123.6414 0.0083
12 1 11 12 11 1 10 11 E 10122.1516 -0.0057
12 1 11 11 11 1 10 10 E 10122.1516 -0.0099
12 1 11 13 11 1 10 12 E 10122.1683 -0.0022
12 1 12 12 11 1 11 11 A 9835.0261 -0.0003
12 1 12 11 11 1 11 10 A 9835.0261 -0.0017
12 1 12 13 11 1 11 12 A 9835.0415 0.0008
12 1 12 12 11 1 11 11 E 9835.5196 -0.0050
12 1 12 11 11 1 11 10 E 9835.5196 -0.0068
12 1 12 13 11 1 11 12 E 9835.5375 -0.0017
12 2 10 12 11 2 9 11 A 10027.1839 -0.0110
12 2 10 11 11 2 9 10 A 10027.1932 -0.0086
12 2 10 13 11 2 9 12 A 10027.2054 -0.0057
12 2 10 12 11 2 9 11 E 10022.5980 -0.0130
12 2 10 11 11 2 9 10 E 10022.6041 -0.0105
12 2 10 13 11 2 9 12 E 10022.6215 -0.0027
12 2 11 12 11 2 10 11 A 9982.4660 0.0028
12 2 11 11 11 2 10 10 A 9982.4788 -0.0049
12 2 11 13 11 2 10 12 A 9982.4930 0.0006
12 2 11 12 11 2 10 11 E 9988.5868 0.0103
12 2 11 11 11 2 10 10 E 9988.6033 0.0032
12 2 11 13 11 2 10 12 E 9988.6148 0.0063
12 3 9 12 11 3 8 11 A 9995.8935 0.0107
12 3 9 11 11 3 8 10 A 9995.9388 0.0090
12 3 9 13 11 3 8 12 A 9995.9388 0.0038
12 3 10 12 11 3 9 11 A 9994.5505 0.0133
12 3 10 11 11 3 9 10 A 9994.5961 0.0112
12 3 10 13 11 3 9 12 A 9994.5961 0.0059
12 3 10 12 11 3 9 11 E 9996.1562 0.0327
12 3 10 11 11 3 9 10 E 9996.2021 0.0312
12 3 10 13 11 3 9 12 E 9996.2226 0.0464

13 0 13 13 12 0 12 12 A 10766.9089 0.0016
13 0 13 12 12 0 12 11 A 10766.9284 0.0126
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13 0 13 14 12 0 12 13 A 10766.9284 0.0031
13 0 13 13 12 0 12 12 E 10765.2293 0.0086
13 0 13 12 12 0 12 11 E 10765.2293 -0.0001
13 0 13 14 12 0 12 13 E 10765.2472 0.0083
13 1 12 13 12 1 11 12 A 10964.5652 0.0024
13 1 12 12 12 1 11 11 A 10964.5652 -0.0021
13 1 12 14 12 1 11 13 A 10964.5787 0.0037
13 1 12 13 12 1 11 12 E 10963.0833 -0.0079
13 1 12 12 12 1 11 11 E 10963.0833 -0.0122
13 1 12 14 12 1 11 13 E 10963.0993 -0.0039
13 1 13 13 12 1 12 12 A 10652.4979 0.0016
13 1 13 12 12 1 12 11 A 10652.4979 0.0001
13 1 13 14 12 1 12 13 A 10652.5134 0.0045
13 1 13 13 12 1 12 12 E 10652.8692 -0.0055
13 1 13 12 12 1 12 11 E 10652.8692 -0.0073
13 1 13 14 12 1 12 13 E 10652.8846 -0.0029
13 2 11 12 12 2 10 11 A 10869.1164 -0.0109
13 2 11 13 12 2 10 12 A 10869.1308 0.0055
13 2 11 14 12 2 10 13 A 10869.1308 -0.0048
13 2 11 12 12 2 10 11 E 10865.9262 0.0065
13 2 11 13 12 2 10 12 E 10865.9262 0.0057
13 2 11 14 12 2 10 13 E 10865.9385 0.0103
13 2 12 13 12 2 11 12 A 10812.6470 0.0025
13 2 12 12 12 2 11 11 A 10812.6642 0.0034
13 2 12 14 12 2 11 13 A 10812.6738 0.0052
13 2 12 13 12 2 11 12 E 10817.5917 0.0074
13 2 12 12 12 2 11 11 E 10817.5981 -0.0052
13 2 12 14 12 2 11 13 E 10817.6105 -0.0003
14 0 14 14 13 0 13 13 A 11585.7923 -0.0016
14 0 14 13 13 0 13 12 A 11585.8116 0.0076
14 0 14 15 13 0 13 14 A 11585.8116 -0.0005
14 0 14 14 13 0 13 13 E 11583.8898 0.0053
14 0 14 13 13 0 13 12 E 11583.9097 0.0150
14 0 14 15 13 0 13 14 E 11583.9097 0.0068
14 1 13 14 13 1 12 13 A 11804.8037 0.0013
14 1 13 13 13 1 12 12 A 11804.8037 -0.0034
14 1 13 15 13 1 12 14 A 11804.8130 -0.0007
14 1 13 14 13 1 12 13 E 11803.2795 -0.0085

14 1 13 13 13 1 12 12 E 11803.2795 -0.0131
14 1 13 15 13 1 12 14 E 11803.2919 -0.0073
14 1 14 14 13 1 13 13 A 11469.5113 0.0029
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14 1 14 13 13 1 13 12 A 11469.5113 0.0012
14 1 14 15 13 1 13 14 A 11469.5278 0.0081
14 1 14 14 13 1 13 13 E 11469.7843 -0.0057
14 1 14 13 13 1 13 12 E 11469.7843 -0.0076
14 1 14 15 13 1 13 14 E 11469.7961 -0.0053
14 2 12 13 13 2 11 12 A 11712.3211 -0.0084
14 2 12 14 13 2 11 13 A 11712.3211 -0.0100
14 2 12 15 13 2 11 14 A 11712.3211 -0.0159
14 2 12 13 13 2 11 12 E 11710.4252 0.0192
14 2 12 14 13 2 11 13 E 11710.4252 0.0155
14 2 12 15 13 2 11 14 E 11710.4252 0.0116
14 2 13 14 13 2 12 13 A 11642.4278 0.0078
14 2 13 13 13 2 12 12 A 11642.4436 0.0102
14 2 13 15 13 2 12 14 A 11642.4504 0.0101
14 2 13 14 13 2 12 13 E 11646.2798 -0.0073
14 2 13 13 13 2 12 12 E 11646.3063 0.0038
14 2 13 15 13 2 12 14 E 11646.3063 -0.0029
15 0 15 15 14 0 14 14 A 12402.9270 -0.0057
15 0 15 14 14 0 14 13 A 12402.9457 0.0017
15 0 15 16 14 0 14 15 A 12402.9457 -0.0053
15 0 15 15 14 0 14 14 E 12400.8019 0.0047
15 0 15 14 14 0 14 13 E 12400.8216 0.0130
15 0 15 16 14 0 14 15 E 12400.8216 0.0059
15 1 14 15 14 1 13 14 A 12644.2625 0.0000
15 1 14 14 14 1 13 13 A 12644.2625 -0.0050
15 1 14 16 14 1 13 15 A 12644.2625 -0.0108
15 1 14 15 14 1 13 14 E 12642.6695 -0.0101
15 1 14 14 14 1 13 13 E 12642.6836 -0.0010
15 1 14 16 14 1 13 15 E 12642.6836 -0.0067
15 1 15 15 14 1 14 14 A 12286.0497 0.0037
15 1 15 14 14 1 14 13 A 12286.0497 0.0018
15 1 15 16 14 1 14 15 A 12286.0497 -0.0065
15 1 15 15 14 1 14 14 E 12286.2379 -0.0075
15 1 15 14 14 1 14 13 E 12286.2379 -0.0095
15 1 15 16 14 1 14 15 E 12286.2379 -0.0178
15 2 13 14 14 2 12 13 A 12556.7760 -0.0067
15 2 13 16 14 2 12 15 A 12556.7892 -0.0001

15 2 13 15 14 2 12 14 A 12556.7892 0.0024
15 2 13 14 14 2 12 13 E 12555.9583 0.0349
15 2 13 16 14 2 12 15 E 12555.9583 0.0282
15 2 13 15 14 2 12 14 E 12555.9583 0.0293



S14

15 2 14 15 14 2 13 14 A 12471.7716 0.0116
15 2 14 14 14 2 13 13 A 12471.7902 0.0189
15 2 14 16 14 2 13 15 A 12471.7902 0.0127
15 2 14 15 14 2 13 14 E 12474.7589 -0.0148
15 2 14 14 14 2 13 13 E 12474.7814 -0.0050
15 2 14 16 14 2 13 15 E 12474.7814 -0.0111
16 0 16 16 15 0 15 15 A 13218.3335 -0.0139
16 0 16 15 15 0 15 14 A 13218.3526 -0.0069
16 0 16 17 15 0 15 16 A 13218.3606 -0.0051
16 0 16 16 15 0 15 15 E 13215.9879 -0.0008
16 0 16 15 15 0 15 14 E 13216.0090 0.0081
16 0 16 17 15 0 15 16 E 13216.0090 0.0019
16 1 15 16 15 1 14 15 A 13482.8608 -0.0019
16 1 15 15 15 1 14 14 A 13482.8608 -0.0072
16 1 15 17 15 1 14 16 A 13482.8608 -0.0123
16 1 15 16 15 1 14 15 E 13481.1857 -0.0048
16 1 15 15 15 1 14 14 E 13481.1857 -0.0101
16 1 15 17 15 1 14 16 E 13481.1857 -0.0152
16 1 16 16 15 1 15 15 A 13102.1011 0.0057
16 1 16 15 15 1 15 14 A 13102.1011 0.0035
16 1 16 17 15 1 15 16 A 13102.1011 -0.0038
16 1 16 16 15 1 15 15 E 13102.2151 -0.0072
16 1 16 15 15 1 15 14 E 13102.2151 -0.0094
16 1 16 17 15 1 15 16 E 13102.2268 -0.0050
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Table S5 Experimental transition frequencies of the thiazole-SF6 complex. 

J′  Ka′ Kc′ F' J′′ Ka′′ Kc′′ F'' νobs/MHz νobs-calc /MHz
4 3 1 4 3 2 2 3 9002.1879 0.0017 
4 3 1 5 3 2 2 4 9002.3692 -0.0008 
4 3 1 3 3 2 2 2 9002.4174 0.0001 
4 3 1 4 3 2 1 3 9002.0094 -0.0001 
4 3 1 5 3 2 1 4 9002.1879 -0.0071 
4 3 1 3 3 2 1 2 9002.2445 0.0016 
4 3 2 4 3 2 1 3 9002.0094 0.0005 
4 3 2 5 3 2 1 4 9002.1879 -0.0064 
4 3 2 3 3 2 1 2 9002.2445 0.0024 
4 3 2 4 3 2 2 3 9002.1879 0.0024 
4 3 2 5 3 2 2 4 9002.3692 -0.0001 
4 3 2 3 3 2 2 2 9002.4174 0.0008 
4 4 0 4 3 3 1 3 11359.7890 0.0023 
4 4 0 3 3 3 1 2 11359.8480 0.0033 
4 4 0 5 3 3 1 4 11359.8750 -0.0053 
4 4 1 4 3 3 0 3 11359.7890 0.0024 
4 4 1 3 3 3 0 2 11359.8480 0.0034 
4 4 1 5 3 3 0 4 11359.8750 -0.0052 
5 3 2 5 4 2 3 4 9779.3319 0.0033 
5 3 2 6 4 2 3 5 9779.4870 0.0020 
5 3 2 4 4 2 3 3 9779.5220 -0.0059 
5 3 2 5 4 2 2 4 9778.7984 -0.0019 
5 3 2 6 4 2 2 5 9778.9585 -0.0009 
5 3 2 4 4 2 2 3 9779.0018 -0.0014 
5 3 3 5 4 2 2 4 9778.7984 0.0009 
5 3 3 6 4 2 2 5 9778.9585 0.0019 
5 3 3 4 4 2 2 3 9779.0018 0.0014 
5 3 3 5 4 2 3 4 9779.3319 0.0062 
5 3 3 6 4 2 3 5 9779.4870 0.0049 
5 3 3 4 4 2 3 3 9779.5220 -0.0030 
5 4 1 5 4 3 2 4 12136.7015 -0.0052 
5 4 1 6 4 3 2 5 12136.8378 -0.0056 
5 4 1 4 4 3 2 3 12136.8751 0.0137 
5 4 1 5 4 3 1 4 12136.7015 -0.0044 
5 4 1 6 4 3 1 5 12136.8378 -0.0048 
5 4 1 4 4 3 1 3 12136.8751 0.0144 
5 4 2 5 4 3 1 4 12136.7015 -0.0044 
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5 4 2 6 4 3 1 5 12136.8378 -0.0048 
5 4 2 4 4 3 1 3 12136.8751 0.0144 
5 4 2 5 4 3 2 4 12136.7015 -0.0052 
5 4 2 6 4 3 2 5 12136.8378 -0.0055 
5 4 2 4 4 3 2 3 12136.8751 0.0137 
5 5 0 5 4 4 1 4 14494.3498 -0.0016 
5 5 0 4 4 4 1 3 14494.3844 -0.0056 
5 5 0 6 4 4 1 5 14494.4130 -0.0032 
5 5 0 5 4 4 0 4 14494.3498 -0.0016 
5 5 0 4 4 4 0 3 14494.3844 -0.0056 
5 5 0 6 4 4 0 5 14494.4130 -0.0032 
5 5 1 5 4 4 0 4 14494.3498 -0.0016 
5 5 1 4 4 4 0 3 14494.3844 -0.0056 
5 5 1 6 4 4 0 5 14494.4130 -0.0032 
5 5 1 5 4 4 1 4 14494.3498 -0.0016 
5 5 1 4 4 4 1 3 14494.3844 -0.0056 
5 5 1 6 4 4 1 5 14494.4130 -0.0032 
6 5 1 6 5 4 2 5 15271.2105 -0.0061 
6 5 1 7 5 4 2 6 15271.3230 0.0022 
6 5 1 5 5 4 2 4 15271.3230 -0.0041 
6 5 1 6 5 4 1 5 15271.2105 -0.0061 
6 5 1 7 5 4 1 6 15271.3230 0.0022 
6 5 1 5 5 4 1 4 15271.3230 -0.0040 
6 5 2 6 5 4 1 5 15271.2105 -0.0061 
6 5 2 7 5 4 1 6 15271.3230 0.0022 
6 5 2 5 5 4 1 4 15271.3230 -0.0040 
6 5 2 6 5 4 2 5 15271.2105 -0.0061 
6 5 2 7 5 4 2 6 15271.3230 0.0022 
6 5 2 5 5 4 2 4 15271.3230 -0.0041 
6 6 0 6 5 5 1 5 17628.8328 0.0058 
6 6 0 5 5 5 1 4 17628.8729 0.0183 
6 6 0 7 5 5 1 6 17628.8729 -0.0016 
6 6 0 6 5 5 0 5 17628.8328 0.0058 
6 6 0 5 5 5 0 4 17628.8729 0.0183 
6 6 0 7 5 5 0 6 17628.8729 -0.0016 
6 6 1 6 5 5 0 5 17628.8328 0.0058 
6 6 1 5 5 5 0 4 17628.8729 0.0183 
6 6 1 7 5 5 0 6 17628.8729 -0.0016 
6 6 1 6 5 5 1 5 17628.8328 0.0058 
6 6 1 5 5 5 1 4 17628.8729 0.0183 
6 6 1 7 5 5 1 6 17628.8729 -0.0016 
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7 5 2 7 6 4 3 6 16048.0660 -0.0001 
7 5 2 8 6 4 3 7 16048.1721 -0.0018 
7 5 2 6 6 4 3 5 16048.1956 0.0079 
7 5 2 7 6 4 2 6 16048.0660 0.0000 
7 5 2 8 6 4 2 7 16048.1721 -0.0018 
7 5 2 6 6 4 2 5 16048.1956 0.0079 
7 5 3 7 6 4 2 6 16048.0660 0.0000 
7 5 3 8 6 4 2 7 16048.1721 -0.0018 
7 5 3 6 6 4 2 5 16048.1956 0.0079 
7 5 3 7 6 4 3 6 16048.0660 -0.0001 
7 5 3 8 6 4 3 7 16048.1721 -0.0018 
7 5 3 6 6 4 3 5 16048.1956 0.0079 
7 6 1 7 6 5 2 6 18405.6238 0.0010 
7 6 1 8 6 5 2 7 18405.6988 -0.0055 
7 6 1 6 6 5 2 5 18405.6988 -0.0068 
7 6 1 7 6 5 1 6 18405.6238 0.0010 
7 6 1 8 6 5 1 7 18405.6988 -0.0055 
7 6 1 6 6 5 1 5 18405.6988 -0.0068 
7 6 2 7 6 5 1 6 18405.6238 0.0010 
7 6 2 8 6 5 1 7 18405.6988 -0.0055 
7 6 2 6 6 5 1 5 18405.6988 -0.0068 
7 6 2 7 6 5 2 6 18405.6238 0.0010 
7 6 2 8 6 5 2 7 18405.6988 -0.0055 
7 6 2 6 6 5 2 5 18405.6988 -0.0068 
8 2 6 7 7 1 7 6 9863.7161 0.0025 
8 2 6 9 7 1 7 8 9863.7161 0.0030 
8 2 6 8 7 1 7 7 9863.7742 0.0055 
8 2 6 8 7 1 6 7 9655.7555 0.0010 
8 2 6 9 7 1 6 8 9655.9080 0.0043 
8 2 6 7 7 1 6 6 9655.9315 -0.0022 
8 2 7 8 7 1 6 7 9648.3908 -0.0013 
8 2 7 9 7 1 6 8 9648.5542 0.0013 
8 2 7 7 7 1 6 6 9648.5865 0.0021 
8 2 7 7 7 1 7 6 9856.3620 -0.0021 
8 2 7 9 7 1 7 8 9856.3620 -0.0001 
8 2 7 8 7 1 7 7 9856.4128 0.0064 
8 5 3 8 7 4 4 7 16824.8694 -0.0019 
8 5 3 9 7 4 4 8 16824.9654 -0.0069 
8 5 3 7 7 4 4 6 16824.9906 0.0041 
8 5 4 8 7 4 3 7 16824.8694 -0.0019 
8 5 4 9 7 4 3 8 16824.9654 -0.0068 
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8 5 4 7 7 4 3 6 16824.9906 0.0041 
8 6 2 8 7 5 3 7 19182.3871 -0.0018 
8 6 2 9 7 5 3 8 19182.4787 0.0002 
8 6 2 7 7 5 3 6 19182.4787 -0.0076 
8 6 3 8 7 5 2 7 19182.3871 -0.0018 
8 6 3 9 7 5 2 8 19182.4787 0.0002 
8 6 3 7 7 5 2 6 19182.4787 -0.0076 
9 1 8 8 8 0 8 7 8343.3994 0.0048 
9 1 8 10 8 0 8 9 8343.3994 0.0017 
9 1 8 9 8 0 8 8 8343.4801 -0.0137 
9 2 7 8 8 1 8 7 10674.5129 0.0047 
9 2 7 10 8 1 8 9 10674.5129 0.0028 
9 2 7 9 8 1 8 8 10674.5847 0.0043 
9 2 7 9 8 1 7 8 10407.2141 0.0033 
9 2 7 10 8 1 7 9 10407.3505 0.0039 
9 2 8 9 8 1 7 8 10395.6526 -0.0019 
9 2 8 10 8 1 7 9 10395.8034 -0.0014 
9 2 8 8 8 1 7 7 10395.8272 -0.0032 
9 2 8 8 8 1 8 7 10662.9620 -0.0060 
9 2 8 10 8 1 8 9 10662.9620 -0.0063 
9 2 8 9 8 1 8 8 10663.0235 -0.0007 
10 0 10 10 9 0 9 9 7764.1472 0.0006 
10 0 10 11 9 0 9 10 7764.1472 -0.0003 
10 0 10 9 9 0 9 8 7764.1472 -0.0064 
10 1 9 9 9 0 9 8 9160.0964 0.0024 
10 1 9 11 9 0 9 10 9160.0964 -0.0016 
10 1 9 10 9 0 9 9 9160.1918 -0.0077 
10 1 9 11 9 1 8 10 7805.5482 0.0058 
10 1 9 10 9 1 8 9 7805.5482 0.0006 
10 1 9 9 9 1 8 8 7805.5482 -0.0007 
10 1 10 10 9 0 9 9 8751.9550 -0.0016 
10 1 10 11 9 0 9 10 8752.0725 0.0094 
10 1 10 9 9 0 9 8 8752.0725 -0.0073 
10 1 10 11 9 1 9 10 7731.4116 -0.0063 
10 1 10 10 9 1 9 9 7731.4116 -0.0107 
10 1 10 9 9 1 9 8 7731.4116 -0.0106 
10 2 9 11 9 2 8 10 7768.9444 -0.0030 
10 2 9 9 9 2 8 8 7768.9444 -0.0069 
10 2 9 10 9 2 8 9 7768.9650 0.0025 
10 3 7 11 9 3 6 10 7770.5810 0.0000 
10 3 7 9 9 3 6 8 7770.5810 -0.0011 
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10 3 7 10 9 3 6 9 7770.6133 -0.0001 
10 3 8 11 9 3 7 10 7770.5060 0.0067 
10 3 8 9 9 3 7 8 7770.5060 0.0056 
10 3 8 10 9 3 7 9 7770.5353 0.0037 
11 0 11 11 10 0 10 10 8539.0719 0.0010 
11 0 11 12 10 0 10 11 8539.0719 -0.0006 
11 0 11 10 10 0 10 9 8539.0719 -0.0057 
11 1 10 10 10 0 10 9 9981.5086 -0.0009 
11 1 10 12 10 0 10 11 9981.5086 -0.0056 
11 1 10 11 10 0 10 10 9981.6263 0.0057 
11 1 10 12 10 1 9 11 8585.5673 0.0035 
11 1 10 11 10 1 9 10 8585.5673 -0.0003 
11 1 10 10 10 1 9 9 8585.5673 -0.0019 
11 1 11 11 10 0 10 10 9491.8962 0.0006 
11 1 11 12 10 0 10 11 9492.0018 0.0039 
11 1 11 10 10 0 10 9 9492.0018 -0.0102 
11 1 11 12 10 1 10 11 8504.0826 0.0003 
11 1 11 11 10 1 10 10 8504.0826 -0.0028 
11 1 11 10 10 1 10 9 8504.0826 -0.0032 
11 2 10 12 10 2 9 11 8545.4492 -0.0015 
11 2 10 10 10 2 9 9 8545.4492 -0.0050 
11 2 10 11 10 2 9 10 8545.4642 0.0021 
11 3 8 12 10 3 7 11 8547.6677 0.0037 
11 3 8 10 10 3 7 9 8547.6677 0.0021 
11 3 8 11 10 3 7 10 8547.6885 -0.0003 
11 3 9 12 10 3 8 11 8547.5375 0.0064 
11 3 9 10 10 3 8 9 8547.5375 0.0048 
11 3 9 11 10 3 8 10 8547.5526 -0.0031 
12 0 12 12 11 0 11 11 9313.5854 0.0018 
12 0 12 13 11 0 11 12 9313.5854 -0.0003 
12 0 12 11 11 0 11 10 9313.5854 -0.0046 
12 1 11 13 11 1 10 12 9365.4313 0.0040 
12 1 11 12 11 1 10 11 9365.4313 0.0012 
12 1 11 11 11 1 10 10 9365.4313 -0.0006 
12 1 12 12 11 0 11 11 10229.4420 0.0000 
12 1 12 13 11 0 11 12 10229.5445 0.0043 
12 1 12 11 11 0 11 10 10229.5445 -0.0080 
12 1 12 13 11 1 11 12 9276.6175 0.0026 
12 1 12 12 11 1 11 11 9276.6175 0.0002 
12 1 12 11 11 1 11 10 9276.6175 -0.0005 
12 2 10 13 11 2 9 12 9331.7510 0.0032 
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12 2 10 11 11 2 9 10 9331.7510 0.0002 
12 2 10 12 11 2 9 11 9331.7696 0.0092 
12 2 11 13 11 2 10 12 9321.8404 -0.0011 
12 2 11 11 11 2 10 10 9321.8404 -0.0042 
12 2 11 12 11 2 10 11 9321.8492 -0.0010 
13 0 13 13 12 0 12 12 10087.6657 0.0093 
13 0 13 14 12 0 12 13 10087.6657 0.0065 
13 0 13 12 12 0 12 11 10087.6657 0.0029 
13 1 12 14 12 1 11 13 10145.1175 0.0012 
13 1 12 13 12 1 11 12 10145.1175 -0.0007 
13 1 12 12 12 1 11 11 10145.1175 -0.0027 
13 1 13 14 12 1 12 13 10049.0109 0.0045 
13 1 13 13 12 1 12 12 10049.0109 0.0027 
13 1 13 12 12 1 12 11 10049.0109 0.0018 
13 2 11 14 12 2 10 13 10110.6542 -0.0078 
13 2 11 12 12 2 10 11 10110.6542 -0.0104 
13 2 11 13 12 2 10 12 10110.6542 -0.0188 
13 2 12 14 12 2 11 13 10098.1103 0.0005 
13 2 12 12 12 2 11 11 10098.1103 -0.0022 
13 2 12 13 12 2 11 12 10098.1103 -0.0062 
14 0 14 14 13 0 13 13 10861.2709 0.0056 
14 0 14 15 13 0 13 14 10861.2709 0.0024 
14 0 14 13 13 0 13 12 10861.2709 -0.0007 
14 1 13 15 13 1 12 14 10924.6161 0.0026 
14 1 13 14 13 1 12 13 10924.6161 0.0012 
14 1 13 13 13 1 12 12 10924.6161 -0.0008 
14 1 14 15 13 1 13 14 10821.2494 0.0017 
14 1 14 14 13 1 13 13 10821.2494 0.0006 
14 1 14 13 13 1 13 12 10821.2494 -0.0005 
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Table S6 The partial r0 structure of the observed conformers together with theoretical 
structure (re).

r0 re

thiazole-CF4

r(N1C7)/Å 3.407(2) 3.412
∠C2N1C7/° 110.5(3) 108.9
thiazole-SF6

r(N1S7)/Å 4.092(7) 4.019
∠C2N1S7/° [89.636]a 89.636

a Parameter fixed at the re value.


