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Oxygen-by-sulphur substitutions in glycine: conformational and vibrational effects
L.A.E. Batista de Carvalho, M.P.M. Marques and J.J.C. teixeira-Dias
Table S1 - Optimized geometries for the conformers of glycine (NH2CH2C(=O)OH).


A/syn/s-cis
A/anti/s-cis
A/´anti´/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/skew´/s-cis
G/syn/s-trans
G/anti/s-trans

bond lengths / pm










C1=O1
121.8
121.8
121.8
121.3
121.3
121.8
121.7
121.3
121.5

C1—C2
151.7
152.1
152.1
152.7
153.4
150.9
151.0
152.0
153.0

C1—O2
135.9
136.1
136.1
136.4
135.9
135.6
136.1
136.1
134.6

O2—H
97.1
97.2
97.2
96.7
96.9
97.1
97.1
96.7
98.3

C2—H1
109.1
109.1
109.1
109.3
109.0
110.0
110.0
109.4
109.1

C2—H2
109.1
109.1
109.1
109.3
109.0
109.0
108.8
110.0
109.0

N—C2
145.0
145.1
145.1
144.9
144.9
145.4
146.0
145.1
146.6

N—H3
101.5
101.3
101.3
101.5
101.0
101.4
101.3
101.4
101.3

N—H4
101.5
101.3
101.3
101.5
101.0
101.2
101.3
101.2
101.2

bond angles / degrees










C2—C1=O1
125.4
124.5
124.5
124.0
122.2
125.0
126.1
123.5
122.8

O1=C1—O2
123.3
123.0
123.0
120.6
121.5
123.4
123.0
120.6
123.7

C1—O2—H
105.7
105.1
105.1
109.6
107.1
105.7
105.6
109.7
104.4

C1—C2—H1
107.8
106.3
106.3
108.2
106.4
105.8
106.6
109.5
107.8

C1—C2—H2
107.8
106.3
106.3
108.2
106.4
108.7
106.9
105.7
106.6

N—C2—C1
114.8
118.4
118.4
115.0
119.1
109.2
110.6
109.4
110.4

C2—N—H3
108.6
109.3
109.3
108.2
114.2
108.5
109.1
107.9
110.6

C2—N—H4
108.6
109.3
109.3
108.2
114.2
109.9
109.2
110.4
111.3

C2—C1—O2
111.3
112.5
112.5
115.4
116.3
111.6
110.9
115.9
113.5

dihedral angles/degrees










H1—C2—C1=O1
-122.9
56.2
59.0
122.5
56.4
-100.6
97.6
143.7
38.8

H2—C2—C1=O1
122.9
-56.2
-53.5
-122.5
-56.4
145.1
-17.2
-101.8
-76.2

N—C2—C1=O1
0.0
180.0
-177.4
0.0
180.0
24.5
-136.5
23.1
165.4

H3—N—C2—C1
56.7
57.5
57.8
-56.4
64.7
-45.4
-63.7
-37.2
-92.3

H4—N—C2—C1
-56.7
-57.5
-57.3
56.4
-64.7
-162.8
179.8
-154.9
148.7

H—O2—C1—C2
180.0
180.0
179.6
0.0
0.0
-176.8
179.7
6.3
3.4

aE(MP2/6-31G**)
0
6.95
6.95
26.09
33.50
8.52
12.82
35.64
5.87

Total value of energy (in hartree, 1 hartree=2625.5001 kJmol-1) for the most stable conformer of glycine is E(MP2/6-31G**)=-283.646850921. a kJmol-1.

Table S2 - Optimized geometries for the conformers of the NH2CH2C(=O)SH molecule.


A/syn/s-cis
A/anti/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/anti/s-cis
G/syn/s-trans
G/anti/s-trans

bond lengths / pm









C1=O1
121.8
121.6
121.8
121.9
121.9
121.9
121.9
122.0

C1—C2
152.6
152.9
153.0
154.0
151.7
152.1
152.1
153.2

C1—S
179.9
180.6
179.5
179.3
179.1
179.3
179.0
178.0

S—H
133.2
133.2
133.3
133.0
133.2
133.5
133.2
133.7

C2—H1
109.2
109.1
109.2
109.1
110.1
109.5
110.1
109.4

C2—H2
109.2
109.1
109.2
109.1
109.1
109.2
109.1
109.2

N—C2
144.8
144.5
144.6
144.3
145.3
145.1
145.1
145.7

N—H3
101.4
101.2
101.4
101.1
101.4
101.2
101.4
101.4

N—H4
101.4
101.2
101.4
101.1
101.3
101.1
101.3
101.3

bond angles / degrees









C2—C1=O1
123.4
122.7
122.8
119.7
122.7
122.4
122.4
120.4

O1=C1—S
123.0
123.2
120.1
119.6
123.3
123.8
119.8
121.9

C1—S—H
93.2
92.3
96.2
96.5
93.5
91.3
96.5
93.2

C1—C2—H1
108.0
106.0
108.2
104.7
105.5
106.4
105.5
105.1

C1—C2—H2
108.0
106.0
108.2
104.7
109.6
105.9
109.6
105.7

N—C2—C1
114.6
118.7
114.3
121.9
108.9
111.7
109.0
114.1

C2—N—H3
108.9
111.6
108.8
112.6
108.4
111.0
108.5
110.3

C2—N—H4
108.9
111.6
108.8
112.6
109.9
111.0
110.1
110.3

C2—C1—S
113.6
114.1
117.1
120.7
114.0
113.8
117.8
117.7

dihedral angles/degrees









H1—C2—C1=O1
-122.7
56.4
-122.4
55.8
-95.6
36.8
-102.8
30.0

H2—C2—C1=O1
122.7
-56.4
122.4
-55.8
149.7
-76.9
142.5
-83.4

N—C2—C1=O1
0.0
180.0
0.0
180.0
29.2
164.6
22.1
157.5

H3—N—C2—C1
57.0
60.5
57.0
62.1
-47.7
-83.8
-42.7
-81.5

H4—N—C2—C1
-57.0
-60.5
-57.0
-62.1
-165.0
156.6
-160.4
160.7

H—S—C1—C2
180.0
180.0
0.0
0.0
-173.0
-177.8
6.8
4.9

E(MP2/6-31G**)
0
0.78
6.40
21.42
8.87
1.92
17.48
5.72

Total value of energy (in hartree) for the most stable conformer of this molecule is E(MP2/6-31G**)=-606.22225064272.

Table S3 - Optimized geometries for the conformers of the NH2CH2C(=S)OH molecule.


A/syn/s-cis
A/anti/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/skew´/s-cis
G/syn/s-trans
G/anti/s-trans

bond lengths / pm









C1=S
162.9
162.9
162.2
162.4
162.7
162.6
162.2
162.7

C1—C2
151.7
152.3
152.6
153.5
150.7
150.6
151.6
153.1

C1—O2
134.8
134.9
135.5
134.5
135.0
135.1
135.5
133.3

O2—H
97.2
97.4
97.1
97.5
97.3
97.2
97.0
99.4

C2—H1
109.3
109.1
109.5
109.0
110.1
110.0
110.2
108.9

C2—H2
109.3
109.1
109.5
109.0
109.1
108.7
109.6
109.0

N—C2
144.5
145.0
144.3
144.6
145.2
146.1
145.0
146.6

N—H3
101.4
101.3
101.5
100.8
101.4
101.3
101.5
101.3

N—H4
101.4
101.3
101.5
100.8
101.4
101.4
101.3
101.1

bond angles / degrees









C2—C1=S
126.5
124.8
125.
123.0
126.5
126.5
125.5
123.1

S=C1—O2
124.2
123.9
121.1
122.4
124.2
124.1
120.8
124.4

C1—O2—H
107.0
106.3
109.4
106.2
106.8
107.0
109.5
103.7

C1—C2—H1
106.8
107.0
107.0
107.3
105.4
106.6
105.3
109.0

C1—C2—H2
106.8
107.0
107.0
107.3
107.4
108.4
108.1
107.2

N—C2—C1
117.7
117.8
118.2
117.7
112.3
109.8
112.7
109.3

C2—N—H3
109.1
109.6
108.8
116.2
109.3
109.1
108.6
111.2

C2—N—H4
109.1
109.6
108.8
116.2
109.2
109.0
109.6
111.8

C2—C1—O2
109.3
111.3
113.3
114.6
109.3
109.4
113.7
112.5

dihedral angles/degrees









H1—C2—C1=S
-123.5
56.6
-123.1
56.9
-104.3
103.9
-104.3
40.8

H2—C2—C1=S
123.5
-56.6
123.1
-56.9
142.4
-11.9
142.1
-75.2

N—C2—C1=S
0.0
180.0
0.0
180.0
22.2
-131.2
22.1
166.6

H3—N—C2—C1
57.3
57.9
56.9
68.3
-55.0
-65.7
-46.3
-96.7

H4—N—C2—C1
-57.3
-57.9
-56.9
-68.3
-172.0
177.9
-163.7
143.1

H—O2—C1—C2
180.0
180.0
0.0
0.0
-176.7
-179.7
6.1
4.5

E(MP2/6-31G**)
0
7.91
25.95
31.92
11.65
13.17
39.98
0.77

Total value of energy (in hartree) for the most stable conformer of this molecule is E(MP2/6-31G**)=-606.219681493.

Table S4 - Optimized geometries for the conformers of the NH2CH2C(=S)SH molecule.


A/syn/s-cis
A/anti/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/anti/s-cis
G/syn/s-trans
G/anti/s-trans

bond lengths / pm









C1=S
162.8
162.9
162.9
163.1
162.8
163.1
162.8
163.3

C1—C2
153.0
153.2
153.2
154.3
151.8
151.8
151.8
152.7

C1—S
176.0
175.8
175.5
174.9
175.7
175.3
175.8
174.4

S—H
133.2
133.2
133.6
133.4
133.3
133.5
133.5
134.2

C2—H1
109.3
109.1
109.4
109.1
110.1
109.4
110.2
109.3

C2—H2
109.3
109.1
109.4
109.1
109.3
109.3
109.3
109.3

N—C2
144.4
144.8
144.2
144.3
145.3
145.5
145.0
145.9

N—H3
101.5
101.2
101.5
101.1
101.4
101.3
101.4
101.4

N—H4
101.5
101.2
101.5
101.1
101.4
101.2
101.4
101.3

bond angles / degrees









C2—C1=S
124.1
121.8
124.1
119.7
123.6
121.9
124.1
121.0

S=C1—S
124.9
125.3
120.5
120.4
125.1
125.7
120.0
122.4

C1—S—H
95.6
94.7
97.0
96.8
95.7
93.3
97.3
93.7

C1—C2—H1
107.4
106.7
107.4
105.6
105.4
107.6
105.5
106.6

C1—C2—H2
107.4
106.7
107.4
105.6
109.1
106.5
108.6
106.5

N—C2—C1
117.5
119.1
117.4
121.6
111.8
111.5
112.2
113.1

C2—N—H3
109.2
111.9
109.3
113.3
109.0
110.6
109.4
110.1

C2—N—H4
109.2
111.9
109.3
113.3
109.0
110.7
109.2
110.1

C2—C1—S
111.0
112.9
115.4
119.9
111.3
112.4
115.9
116.6

dihedral angles/degrees









H1—C2—C1=S
-123.0
56.6
-122.9
56.2
-95.1
30.6
-107.0
25.2

H2—C2—C1=S
123.0
-56.6
122.9
-56.2
150.8
-84.0
139.1
-89.3

N—C2—C1=S
0.0
180.0
0.0
180.0
30.8
158.4
19.3
152.4

H3—N—C2—C1
57.3
60.8
57.4
63.0
-56.0
-80.8
-53.5
-80.1

H4—N—C2—C1
-57.3
-60.8
-57.4
-63.0
-172.7
160.3
-170.9
162.1

H—S—C1—C2
180.0
180.0
0.0
0.0
-172.7
-175.3
7.02
8.69

E(MP2/6-31G**)
0
3.43
3.79
18.53
11.69
2.16
18.82
1.62

Total value of energy (in hartree) for the most stable conformer of this molecule is E(MP2/6-31G**)=-928.802957094.
Table S5 - Calculated atomic charges for the conformers of glycine (NH2CH2C(=O)OH).


A/syn/s-cis
A/anti/s-cis
A/´anti´/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/skew´/s-cis
G/syn/s-trans
G/anti/s-trans

Atomic charge / ae










C1
0.727
0.738
0.738
0.752
0.744
0.767
0.773
0.783
0.776

O(=C1)
-0.579
-0.574
-0.574
-0.548
-0.551
-0.579
-0.574
-0.551
-0.570

C2
-0.120
-0.129
-0.128
-0.162
-0.132
-0.108
-0.118
-0.136
-0.152

O(—H)
-0.611
-0.623
-0.623
-0.605
-0.610
-0.616
-0.619
-0.607
-0.634

H(—O)
0.371
0.371
0.371
0.362
0.348
0.371
0.372
0.362
0.402

H1
0.166
0.171
0.171
0.153
0.182
0.136
0.132
0.133
0.165

H2
0.166
0.171
0.171
0.153
0.182
0.162
0.168
0.138
0.173

N
-0.675
-0.680
-0.680
-0.671
-0.730
-0.698
-0.697
-0.698
-0.767

H3
0.278
0.277
0.276
0.283
0.284
0.293
0.288
0.304
0.297

H4
0.278
0.277
0.277
0.283
0.284
0.270
0.276
0.272
0.299

/ bD
1.36
1.96
1.96
3.40
4.51
2.35
2.85
4.81
6.07

ae=1.602198210-19 C. b1 D=1/310-2 Cm.

Table S6 - Calculated atomic charges for the conformers of the NH2CH2C(=O)SH molecule.


A/syn/s-cis
A/anti/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/anti/s-cis
G/syn/s-trans
G/anti/s-trans

Atomic charge / e









C1
0.320
0.315
0.322
0.303
0.343
0.331
0.342
0.335

O
-0.519
-0.515
-0.517
-0.517
-0.523
-0.528
-0.520
-0.528

C2
-0.118
-0.102
-0.114
-0.096
-0.099
-0.107
-0.093
-0.110

S
0.014
-0.010
0.065
0.071
0.026
0.059
0.077
0.025

H(—S)
0.093
0.091
0.042
0.026
0.092
0.065
0.040
0.104

H1
0.163
0.176
0.156
0.179
0.138
0.153
0.136
0.159

H2
0.163
0.176
0.156
0.179
0.149
0.169
0.142
0.168

N
-0.675
-0.704
-0.674
-0.705
-0.694
-0.717
-0.696
-0.733

H3
0.280
0.287
0.282
0.280
0.295
0.286
0.299
0.289

H4
0.280
0.287
0.282
0.280
0.273
0.288
0.272
0.291

/ D
0.99
1.75
2.51
3.56
2.51
3.11
4.11
4.94

Table S7 - Calculated atomic charges for the conformers of the NH2CH2C(=S)OH molecule.


A/syn/s-cis
A/anti/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/skew´/s-cis
G/syn/s-trans
G/anti/s-trans

Atomic charge / e









C1
0.250
0.266
0.282
0.276
0.276
0.289
0.298
0.301

S
-0.228
-0.223
-0.188
-0.200
-0.209
-0.210
-0.169
-0.224

C2
-0.071
-0.089
-0.115
-0.083
-0.067
-0.070
-0.096
-0.101

O
-0.562
-0.568
-0.556
-0.556
-0.567
-0.571
-0.559
-0.571

H(—O)
0.387
0.387
0.368
0.354
0.386
0.387
0.365
0.414

H1
0.170
0.176
0.156
0.186
0.142
0.136
0.142
0.174

H2
0.170
0.176
0.156
0.186
0.168
0.169
0.137
0.180

N
-0.680
-0.680
-0.675
-0.749
-0.690
-0.694
-0.688
-0.779

H3
0.282
0.277
0.286
0.292
0.290
0.287
0.298
0.303

H4
0.282
0.277
0.286
0.292
0.272
0.278
0.272
0.304

/ D
1.47
2.26
3.46
4.94
2.74
3.15
5.07
6.52

Table S8 - Calculated atomic charges for the conformers of the NH2CH2C(=S)SH molecule.


A/syn/s-cis
A/anti/s-cis
A/syn/s-trans
A/anti/s-trans
G/syn/s-cis
G/anti/s-cis
G/syn/s-trans
G/anti/s-trans

Atomic charge / e









C1
-0.215
-0.219
-0.216
-0.233
-0.197
-0.206
-0.208
-0.204

S(=C1)
-0.147
-0.144
-0.134
-0.139
-0.132
-0.157
-0.109
-0.147

C2
-0.059
-0.047
-0.057
-0.039
-0.049
-0.049
-0.043
-0.052

S(—H)
0.109
0.095
0.153
0.166
0.114
0.163
0.156
0.114

H(—S)
0.093
0.091
0.046
0.027
0.090
0.065
0.041
0.110

H1
0.165
0.179
0.158
0.182
0.143
0.157
0.138
0.162

H2
0.165
0.179
0.158
0.182
0.152
0.171
0.146
0.170

N
-0.677
-0.704
-0.676
-0.709
-0.686
-0.716
-0.685
-0.734

H3
0.283
0.285
0.285
0.281
0.294
0.285
0.293
0.290

H4
0.283
0.285
0.285
0.281
0.272
0.287
0.272
0.291

/ D
1.31
2.26
2.55
3.81
2.67
2.98
4.32
4.92


