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Table S1 – DFT(B3LYP/6-31G*) calculated molecular structures and dipole moments for the studied conformers of (-hydroxy-isobutyric acid. See Fig. 1 for atom numbering. 

Conformers

Parameters
I 

(SsC)
II

 (GskC)
III

 (AaT)
IV

(SkaT)
V
VI
VII
VIII
IX
X

Bonds lengths (pm)











C=O
121.6
120.9
120.8
120.8
121.2
121.3
121.0
120.6
120.3
119.9

CC
153.1
153.7
154.6
155.0
153.5
153.3
154.2
153.4
155.2
154.7

CO ac.
134.7
136.1
134.4
134.6
134.9
134.6
135.0
136.2
136.8
136.6

OH ac.
97.6
97.6
98.0
98.3
97.6
97.7
97.1
97.6
97.1
97.0

CO al.
141.9
142.4
144.3
144.8
142.8
142.5
141.3
142.2
143.7
141.8

OH al.
97.5
97.1
96.9
97.1
97.1
97.0
97.7
97.0
97.1
97.0

CC8
153.9
152.8
153.5
153.2
154.2
153.6
154.2
154.0
153.9
154.3

CC9
153.9
154.3
153.1
152.8
153.2
154.2
154.2
154.0
152.5
154.3

C8H10
109.4
109.2
109.5
109.5
109.4
109.5
109.7
109.3
110.0
109.7

C8H11
109.5
109.4
109.8
109.4
109.7
109.7
109.4
109.8
109.4
109.7

C8H12
109.5
109.4
109.3
109.3
109.5
109.3
109.4
109.5
109.6
109.4

C9H13
109.5
109.6
109.3
109.2
109.3
109.4
109.4
109.5
109.4
109.4

C9H14
109.5
109.4
109.6
109.5
109.7
109.7
109.4
109.8
109.4
109.7

C9H15
109.4
109.5
109.4
109.8
109.4
109.5
109.7
109.3
109.1
109.7

Angles (º)











CC=O
123.3
126.0
122.3
123.2
124.3
122.9
121.8
126.6
124.7
124.9

O=CO
122.9
122.4
122.7
122.9
122.8
122.9
120.7
122.6
119.4
120.2

COH ac.
106.5
106.4
106.6
105.5
105.5
105.3
109.9
105.6
110.7
110.7

CCO al.
107.8
111.0
105.8
108.8
106.6
108.0
107.7
105.1
107.6
105.2

COH al.
106.3
107.6
108.9
108.0
106.8
106.7
105.7
106.7
108.9
107.0

CCC8
109.8
109.8
108.2
108.3
107.6
108.8
110.1
109.6
112.2
109.9

CCC9
109.8
107.3
109.7
110.1
109.5
107.2
110.0
109.6
109.5
109.9

CC8H10
111.7
110.7
110.7
110.4
110.1
110.1
112.9
111.7
112.6
113.2

CC8H11
108.6
109.2
110.3
109.8
109.5
109.7
108.7
109.4
109.1
109.6

CC8H12
110.4
110.2
110.4
110.1
111.5
111.1
110.3
110.2
111.7
110.0

CC9H13
110.4
110.8
110.3
111.0
111.2
111.2
110.3
110.2
110.8
110.0

CC9H14
108.6
108.8
110.2
110.3
109.7
109.7
108.7
109.4
109.3
109.6

CC9H15
111.7
111.4
110.2
110.1
110.2
110.1
112.9
111.7
110.0
113.2

Dihedral angles (º)











OC(=O)C
180.0
-176.4
-178.4
-178.1
-176.6
177.7
180.0
180.0
175.6
180.0

COOH
0.0
-0.1
-178.4
-179.6
-0.7
0.3
179.9
0.0
170.3
180.0

O=CCO
0.0
153.0
170.4
169.6
145.8
-167.9
-0.1
0.0
102.6
0.0

CCOH al.
0.0
47.7
157.8
91.3
176.8
-178.4
0.2
180.0
56.5
180.0

O=CCC8
-118.6
35.4
-71.3
-75.4
-95.9
-47.6
-118.5
-118.7
-135.9
-118.3

O=CCC9
118.6
-86.0
51.4
47.4
25.7
73.0
118.2
118.7
-12.0
118.3

CCC8H10
-63.6
-57.5
-60.7
-61.9
-60.8
-65.6
-65.2
-61.2
-65.1
-62.5

CCC8H11
176.2
-178.1
179.0
-181.3
179.8
175.2
175.1
179.0
176.9
178.1

CCC8H12
58.0
62.8
59.4
58.1
60.4
55.0
56.6
60.1
56.7
59.0

CCC9H13
-58.0
-60.5
-56.0
-55.3
-57.4
-57.9
-56.6
-60.1
-65.2
-59.0

CCC9H14
-176.2
-179.5
-176.4
-175.9
-177.7
-177.7
-175.0
-179.0
174.4
-178.1

CCC9H15
63.5
60.2
64.0
63.4
62.9
63.1
65.2
61.2
54.5
62.5

Total dipole moments (D)











(((
2.326
1.778
4.888
3.948
1.907
1.656
3.486
3.050
4.214
5.695

al., alcohol; ac., acid.

Table S2 – Definition of the internal symmetry coordinates of (-hydroxy-isobutyric acid used in the normal coordinate analysis. See Fig. 1 for atom numbering.

Approximate description
Symmetrya
Definition



S1
(CO al.
A´
(CO al.

S2
(CC
A´
(CC

S3
(CC s.
A´
(CC8+(CC9

S4
(CC as.
 A´´
(CC8-(CC9

S5
(OH al.
A´
(OH al.

S6
(C=O
A´
(C=O

S7
(CO ac.
A´
(CO ac.

S8
(OH ac.
A´
(OH ac.

S9
(CH3 as´.
A´
2(C8H11-(C8H12-(C8H10+2(C9H14-(C9H15-(C9H13

S10
(CH3 as´´.
 A´´
2(C8H11-(C8H12-(C8H10-2(C9H14+(C9H15+(C9H13

S11
(CH3 as´.
A´
(C8H12-(C8H10+(C9H15-(C9H13

S12
(CH3 as´´.
 A´´
(C8H12-(C8H10-(C9H15+(C9H13

S13
(CH3 s´.
A´
(C8H11+(C8H12+(C8H10+(C9H14+(C9H15+(C9H13

S14
(CH3 s´´.
 A´´
(C8H11+(C8H12+(C8H10-(C9H14-(C9H15-(C9H13

S15
(CCO al.
A´
5(CCO al.-(C8CO-(C9CO-(C8CC-(C8CC9

S16
(CCC
A´
4(C8CC9-(C8CO-(C9CO-(C8CC-(C9CC

S17
(CCC
A´
(C8CO+(C9CO-(C8CC-(C9CC

S18
TwCCC
 A´´ 
(C8CO-(C9CO-(C8CC+(C9CC

S19
(CCC
 A´´ 
(C8CO-(C9CO+(C8CC-(C9CC

S20
(COH al.
A´
(COH al.

S21
(COH ac.
A´
(COH ac.

S22
(O=CO
A´
2(O=CO-(CC=O-(CCO ac.

S23
(CC=O
A´
(CC=O-(CCO ac.

S24
(CH3 s´.
A´
(CC8H11+(CC8H12+(CC8H10-(H12C8H11-(H10C8H12-(H11C8H10+

(CC9H14+(CC9H15+(CC9H13-(H15C9H14-(H13C9H15-(H14C9H13

S25
(CH3 s´´.
 A´´
(CC8H11+(CC8H12+(CC8H10-(H12C8H11-(H10C8H12-(H11C8H10-

(CC9H14-(CC9H15-(CC9H13+(H15C9H14+(H13C9H15+(H14C9H13

S26
(CH3 as´.
A´
2(H10C8H12-(H12C8H11-(H11C8H10+2(H13C9H15-(H15C9H14-(H14C9H13

S27
(CH3 as´.
A´
2(H10C8H12-(H12C8H11-(H11C8H10-2(H13C9H15+(H15C9H14+(H14C9H13

S28
(CH3 as´´.
 A´´
(H12C8H11-(H11C8H10+(H15C9H14-(H14C9H13

S29
(CH3 as´´.
 A´´
(H12C8H11-(H11C8H10-(H15C9H14+(H14C9H13

S30
(CH3´
A´
2(H11C8C3-(H12C8C3-(H10C8C3+2(H14C9C3-(H15C9C3-(H13C9C3

S31
(CH3´
A´
2(H11C8C3-(H12C8C3-(H10C8C3-2(H14C9C3+(H15C9C3+(H13C9C3

S32
(CH3´´
 A´´ 
(H12C8C3-(H10C8C3+(H15C9C3-(H13C9C3

S33
(CH3´´
 A´´
(H12C8C3-(H10C8C3-(H15C9C3+(H13C9C3

S34
(C=O
 A´´ 
(C=O

S35
(CC
 A´´ 
(CC

S36
(CO al.
 A´´ 
(CO al.

S37
(CO ac.
 A´´
(CO ac.

S38
(CC s.
A´
(CC8+(CC9

S39
(CC as.
 A´´
(CC8-(CC9

a Symmetry species of the coordinate in those conformers belonging to the Cs point group, SsC and AaT. Normalization constants are not given here; they are chosen as 
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, where ci are the coefficients of the individual valence coordinates; (, bond stretching; (, bending; (, wagging; (, rocking; tw, twisting; (, torsion; as., asymmetric; s., symmetric; al., alcohol; ac., acid.

Table S3 – Calculated DFT(B3LYP/6-31G*) vibrational spectra of SsC conformer of (-hydroxy-isobutyric acid and potential energy distribution (PED).

Approximate

description

[image: image2.wmf]n

~

cal.
(cm-1)
IRcal. Int.

(km.mol-1)
Ramancal. Int.

(A4.amu-1)
PED

S8
(OH ac.
3678.6
54.8
    128.5
S8(100)

S5
(OH al.
3657.6
79.4
45.8
S5(100)

S12
(CH3 as.´´
3148.9
31.7
94.4
S12(60)+S9(37)

S11
(CH3 as.´
3144.0
1.9
12.1
S11(67)+S10(33)

S9
(CH3 as.´
3136.6
25.6
93.4
S9(60)+S12(39)

S10
(CH3 as.´´
3134.9
13.4
35.0
S10(67)+S11(33)

S13
(CH3 s.´
3064.7
6.3
195.1
S13(99)

S14
(CH3 s.´´
3061.7
20.8
2.5
S14(99)

S6
(C=O
1822.3
256.9
7.3
S6(79)

S26
(CH3 as.´
1537.4
5.5
0.3
S26(75)+S30(12)

S29
(CH3 as.´´
1529.4
8.0
23.6
S29(83)

S28
(CH3 as.´´
1512.9
1.4
19.3
S28(88)

S27
(CH3 as.´
1505.8
0.6
8.4
S27(90)

S20
(COH al.
1455.7
13.5
2.3
S20(29)+S24(22)+S26(12)+S2(11)

S24
(CH3 s.´
1439.6
19.1
3.1
S24(65)+S20(17)

S25
(CH3 s.´´
1417.9
4.9
1.7
S25(93)

S21
(COH ac.
1365.6
90.3
1.7
S21(24)+S20(25)+S7(17)+S22(10)

S1
(CO al.
1261.6
5.7
1.4
S1(28)+S18(33)+S21(13)+S17(10) 

S4
(CC as.
1204.0
13.5
4.2
S4(47)+S19(21)+S32(18)

S30
(CH3´
1197.1
167.6
5.8
S30(18)+S20(16)+S33(16)+S21(12)

S7
(CO ac.
1174.2
186.9
0.9
S7(40)+S21(21)+S30(15)

S31
(CH3´
1033.1
0.1
3.4
S31(80)

S33
(CH3´´
1002.9
52.0
6.4
S33(28)+S1(41)+S3(12)

S32
(CH3´´
944.8
0.0
4.5
S32(52)+S4(31)

S3
(CC s.
895.2
8.4
5.9
S3(29)+ S30(24)+S2(23)+S1(11)

S34
(C=O
781.1
42.0
0.8
S34(50)+ S37(26)

S2
(CC
738.1
29.9
9.8
S2(23)+S22(30)+S3(20)+S7(12)

S37
(CO ac.
608.6
86.9
3.7
S37(81)

S22
(O=CO
595.4
12.6
3.8
S22(28)+S15(20)+S3(18) 

S23
(CC=O
519.1
9.2
0.9
S23(25)+S17(22)+S22(17)+S15(11)

S19
(CCC
441.8
7.9
1.9
S19(31)+S18(28)+S32(12)+S34(11)+S30(11)

S17
(CCC
387.7
18.9
0.9
S17(38)+S15(27)+S2(12)

S36
(CO al.
354.9
65.5
0.7
S36(70)+S19(23)

S16
(CCC
344.1
1.3
0.6
S16(71)+S23(13)+S33(11)

S15
(CCO al.
271.5
0.4
0.1
S15(16)+S23(25)+S39(22)+S17(15)+S16(14) 

S39
(CC as.
242.4
0.0
0.0
S39(72)

S18
twCCC
227.5
3.3
0.4
S18(48)+S34(16)+S38(19)

S38
(CC s.
200.0
0.6
0.9
S38(61)+S18(14)+S34(13)

S35
(CC
45.2
2.2
1.1
S35(49)+S36(33)+S18(11)

(, stretching; (, bending; (, wagging; tw, twisting; (, rocking; (, torsion, s., symmetric; as., asymmetric; al., alcohol; ac., acid.
Table S4 – Calculated DFT(B3LYP/6-31G*) infrared spectra of GskC conformer of (-hydroxy-isobutyric acid and potential energy distribution (PED).

Approximate

description

[image: image3.wmf]n

~

cal.
(cm-1)
IRcal. Int.

(km.mol-1)
PED

S5
(OH al.
3746.1
26.0
S5(100)

S8
(OH ac.
3688.5
55.4
S8(100)

S12
(CH3 as.´´
3165.2
13.7
S12(42)+S11(31)+S9(18)

S9
(CH3 as.´
3144.7
22.4
S9(62)+S11(19)+S10(10)

S10
(CH3 as.´´
3140.6
8.5
S10(73)+S9(13)+S12(11)

S11
(CH3 as.´
3125.4
22.0
S11(45)+S12(38)

S13
(CH3 s.´
3073.5
10.5
S13(58)+S14(40)

S14
(CH3 s.´´
3054.0
15.5
S14(59)+S13(40)

S6
(C=O
1849.1
219.3
S6(81)

S26
(CH3 as.´
1539.0
5.6
S26(70)+S29(15)

S29
(CH3 as.´´
1526.2
8.1
S29(65)+S26(12)

S27
(CH3 as.´
1511.9
0.8
S27(53)+S28(35)

S28
(CH3 as.´´
1507.7
2.5
S28(55)+S27(31)

S24
(CH3 s.´
1443.9
9.5
S24(72)

S25
(CH3 s.´´
1424.0
25.2
S25(59)+S24(14)+S4(10)

S20
(COH al.
1402.1
57.0
S20(39)+S25(28)

S21
(COH ac.
1362.4
23.3
S21(32)+S7(18)+S2(14)+S22(14)

S1
(CO al.
1237.5
83.1
S1(29)+S33(20)+S17(14)+S30(12) 

S30
(CH3´
1222.0
21.5
S30(16)+S33(13)+S21(10)

S7
(CO ac.
1167.9
128.2
S7(25)+S21(22)+S4(14)+S20(12)

S4
(CC as.
1136.1
157.8
S4(19)+S7(23)+S20(12)

S31
(CH3´
1032.2
5.3
S31(74)

S33
(CH3´´
995.89
44.7
S33(29)+S1(39)

S32
(CH3´´
949.6
0.8
S32(52)+S4(30)

S3
(CC s.
882.7
1.9
S3(26)+S30(21)+S2(17)+S1(16)

S34
(C=O
774.4
30.9
S34(50)+S37(27)

S2
(CC
730.0
16.9
S2(24)+S22(27)+S3(22)+S7(12)

S37
(CO ac.
614.7
96.8
S37(82)

S22
(O=CO
574.7
42.2
S22(41)+S17(18) 

S23
(CC=O
529.7
9.6
S23(37)+S15(20)

S19
(CCC
418.6
5.6
S19(36)+S18(29)

S17
(CCC
388.8
45.8
S17(19)+S36(34)+S15(16)

S36
(CO al.
350.3
51.6
S36(34)+S16(32)+S17(17)

S16
(CCC
340.8
46.1
S16(37)+S36(29)

S15
(CCO al.
282.5
0.8
S15(17)+S39(46)+S23(17) 

S39
(CC as.
245.1
1.5
S39(49)+S15(13)

S18
twCCC
231.2
0.3
S18(34)+S34(18)+S19(16)+S38(12)

S38
(CC s.
210.6
0.6
S38(67)

S35
(CC
44.0
2.1
S35(65)+S15(13)

(, stretching; (, bending; (, wagging; tw, twisting; (, rocking; (, torsion, s., symmetric; as., asymmetric; al., alcohol; ac., acid.
Table S5 – Calculated DFT(B3LYP/6-31G*) infrared spectra of AaT conformer of (-hydroxy-isobutyric acid and potential energy distribution (PED)a.

Approximate

description
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cal.
(cm-1)
IRcal. Int.

(km.mol-1)
PED
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D

b
(cm-1)

S5
(OH al.
 3763.9
21.6
S5(100)
-28.0

S8
(OH ac.
3582.9
135.6
S8(100)
-38.6

S12
(CH3 as.´´
3159.5
10.8
S12(66)+S11(24)
4.9

S11
(CH3 as.´
3151.4
6.3
S11(66)+S12(21)
5.3

S9
(CH3 as.´
3130.3
21.2
S9(50)+S10(36)
7.6

S10
(CH3 as.´´
3115.5
20.2
S10(49)+S9(33)
1.5

S13
(CH3 s.´
3059.0
19.1
S13(63)+S14(30)
8.2

S14
(CH3 s.´´
3046.2
15.5
S14(61)+S13(29)
0.5

S6
(C=O
1873.0
227.9
S6(78)
-2.0

S26
(CH3 as.´
1540.3
17.1
S26(81)+S30(10)
-1.9

S29
(CH3 as.´´
1528.4
5.4
S29(79)
0.0

S27
(CH3 as.´
1517.5
2.2
S27(86)
-2.2

S28
(CH3 as.´´
1508.4
0.2
S28(86)
1.3

S24
(CH3 s.´
1444.2
90.3
S24(76)
3.2

S21
(COH ac.
1427.6
312.4
S21(51)+S7(14)+S24(12)
-0.2

S25
(CH3 s.´´
1422.9
24.9
S25(88)
1.5

S20
(COH al.
1376.5
52.5
S20(38)+S2(14)
-12.5

S33
(CH3´´
1236.3
29.8
S33(22)+S4(14)+S1(13) 
31.7

S4
(CC as.
1224.8
71.1
S4(20)+S33(14)+ S7(13)+S1(10)
7.1

S7
(CO ac.
1192.1
34.4
S7(40)+S30(10)
-12.9

S30
(CH3´
1134.3
86.0
S30(27)+S20(43)
-7.2

S31
(CH3´
1035.1
1.4
S31(81)
0.6

S1
(CO al.
984.3
12.8
S1(34)+S33(28)+S3(21)
2.7

S32
(CH3´´
949.4
0.7
S32(56)+S4(29)
9.6

S2
(CC
878.3
7.3
S2(24)+S1(20)+S3(18)+S30(18)
-0.3

S34
(C=O
761.3
1.6
S34(42)+S37(31)
51.7

S3
(CC s.
756.5
13.6
S3(21)+S22(36)+S2(17)
-1.0

S37
(CO ac.
717.2
98.8
S37(83)
31.5

S22
(O=CO
582.1
5.6
S22(35)+S17(15)+S15(13)+S2(12)+S3(12) 
3.3

S23
(CC=O
539.9
2.4
S23(42)+S15(23)
-0.6

S19
(CCC
433.4
13.5
S19(44)+S18(26)+S32(11)
-7.9

S15
(CCO al.
401.9
6.4
S15(35)+S17(23)+S22(11)+S2(10)
-7.8

S16
(CCC 
342.5
4.15
S16(60)+S23(14)+S33(12)+S17(11)
42.0

S17
(CCC
296.8
6.5
S17(20)+S16(21)+S39(21)+S15(15)+S23(11)
46.1

S39
(CC as.
270.5
5.3
S39(71) 
27.3

S38
(CC s.
254.5
2.0
S38(58)+S18(25)
16.1

S18
twCCC
226.2
10.3
S18(29)+S38(33)+S19(17)+S34(12)
21.0

S36
(CO al.
166.3
94.8
S36(70)
56.3

S35
(CC
64.6
2.6
S35(62)+S37(18)
-28.0

a (, stretching; (, bending; (, wagging; tw, twisting; (, rocking; (, torsion, s., symmetric; as., asymmetric; al., alcohol; ac., acid. b Diference in the calculated frequencies for AaT and SkaT (
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