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L-Serine 

Figure S1. Optimized B3LYP/6-31+G(d,p) geometries of the first twenty nine conformers of 
neutral L-serine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Figure S2. Optimized B3LYP/6-31+G(d,p) geometries of the first eleven conformers of 
deprotonated L-serine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Figure S3. Optimized B3LYP/6-31+G(d,p) geometries of the first thirteen conformers of 
protonated L-serine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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L-Threonine 

Figure S4. Relative H°298 and G°298 (kJ mol-1) of the ten most stable conformers of neutral L-
threonine. 
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Figure S5 Relative H°298 and G°298 (kJ mol-1) of the four most stable conformers of 
deprotonated L-threonine. 
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Figure S6 Relative H°298 and G°298 (kJ mol-1) of the four most stable conformers of protonated 
L-threonine. 
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Figure S7. Optimized B3LYP/6-31+G(d,p) geometries of the first twelve conformers of 
neutral L-threonine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated at the G4 
level). 
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Figure S8. Optimized B3LYP/6-31+G(d,p) geometries of the first four conformers of 
deprotonated L-threonine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Figure S9. Optimized B3LYP/6-31+G(d,p) geometries of the first four conformers of 
protonated L-threonine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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L-Cysteine 

Figure S10. Relative H°298 and G°298 (kJ mol-1) of the eight most stable conformers of neutral 
L-cysteine. 
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Figure S11 Relative H°298 and G°298 (kJ mol-1) of the five most stable conformers of 

deprotonated L-cysteine. 
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Figure S12 Relative H°298 and G°298 (kJ mol-1) of the six most stable conformers of protonated 
L-cysteine. 
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Figure S13. Optimized B3LYP/6-31+G(d,p) geometries of the first thirteen conformers of 
neutral L-cysteine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Figure S14. Optimized B3LYP/6-31+G(d,p) geometries of the first eight conformers of 
deprotonated L-cysteine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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CYS-H7 [8.7; 9.7] 

 
CYS-H8 [1∆G = 11.1 kJ.mol-1 

 
 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2011



SerThrCysMet 42

Figure S15. Optimized B3LYP/6-31+G(d,p) geometries of the first six conformers of 
protonated L-cysteine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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L-Methionine 

Figure S16. Relative H°298 and G°298 (kJ mol-1) of the most stable conformers of neutral L-
methionine. 
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Figure S17 Relative H°298 and G°298 (kJ mol-1) of the nine most stable conformers of 
deprotonated L-methionine. 
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Figure S18. Relative H°298 and G°298 (kJ mol-1) of the six most stable conformers of 
protonated L-methionine. 
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Figure S19. Optimized B3LYP/6-31+G(d,p) geometries of the first thirty two conformers of 
neutral L-methionine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Figure S20. Optimized B3LYP/6-31+G(d,p) geometries of the first twenty four conformers of 
deprotonated L-methionine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Figure S21. Optimized B3LYP/6-31+G(d,p) geometries of the first six conformers of 
protonated L-methionine (into brackets, relative H°298 and G°298 in kJ mol-1 calculated). 
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Table T5. Signed deviation (method-G4) on the computed GB and PA of the studied amino 
acids. 

M Method GB(M)a

kJ mol-1 
PA(M)a 

kJ mol-1 
  msc average msc average 

Serine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

8.9 
7.8 
-0.7 
-1.7 
-6.3 

-10.3 
-1.7 
0.2 
0.1 
0.0 

9.5 
 

0.4 
 

-5.7 
 

-2.2 
0.0 
0.3 
0.0 

6.3 
5.1 
0.3 
-0.8 
-6.3 
-11 
-2.4 
-0.3 
0.4 
0.0 

6.6 
 

-0.6 
 

-6.9 
 

-2.3 
-0.1 
0.2 
0.0 

Threonine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

9.2 
8.3 
1.3 
-0.3 
-5.2 
-8.7 
-3.0 
0.3 
0.4 
0.0 

10.2 
 

2.0 
 

-5.3 
 

-2.2 
0.2 
0.2 
0.0 

7.0 
6.5 
1.5 
-0.1 
-6.7 

-10.1 
-2.9 
-0.5 
0.4 
0.0 

7.3 
 

1.0 
 

-6.6 
 

-3.3 
-0.1 
0.6 
0.0 

Cysteine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

11.0 
12.0 
-0.6 
0.5 
-9.5 

-10.3 
-1.9 
0.1 
0.8 
0.0 

12.5 
 

-0.2 
 

-9.1 
 

-2.1 
-0.2 
0.5 
0.0 

9.7 
10.7 
-0.3 
0.7 
-9.7 

-10.6 
-1.8 
-0.4 
0.8 
0.0 

9.2 
 

0.6 
 

-9.7 
 

-1.8 
-0.4 
1.0 
0.0 

Methionine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

23.1 
22.8 
5.0 
4.5 
-4.4 
-6.1 
-1.8 
1.0 
0.1 
0.0 

20.1 
 

2.7 
 

-6.4 
 

-1.7 
1.2 
-0.1 
0.0 

19.1 
19.2 
4.1 
3.6 
-7.7 
-9.5 
-2.2 
0.4 
0.1 
0.0 

20.3 
 

4.2 
 

-6.7 
 

-2.0 
0.7 
0.0 
0.0 

a) "most stable conformer" (msc) value followed by the averaged values calculated over the 298 K distribution 
of conformers (including the entropy of mixing). 
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Table T6. Signed deviation (method-G4) on the computed deprotonation thermochemistry of 
the studied α-aminoacids. 

 a) "most stable conformer" (msc) value followed by the averaged values calculated over the 298 K distribution 
of conformer.

M Method ΔacidG(M)a

kJ mol-1 
ΔacidH (M)a 

kJ mol-1 
  msc average msc average 

Serine 
 

B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

-1.4 
4.5 
-9.5 
-4.9 
-6.2 
-3.3 
-5.3 
-1.4 
2.2 
0.0 

-0.9 
 

-10.0 
 

-6.0 
 

-4.7 
-1.1 
2.0 
0.0 

0.2 
6.3 

-10.1 
-5.5 
-5.3 
-1.9 
-4.3 
-0.6 
1.9 
0.0 

1.0 
 

-9.5 
 

-5.1 
 

-4.8 
-1.3 
2.0 
0.0 

Threonine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

2.8 
8.4 
-7.4 
-3.6 
-5.5 
-2.8 
-4.6 
-1.7 
1.9 
0.0 

2.8 
 

-7.6 
 

-6.0 
 

-4.8 
-0.9 
2.1 
0.0 

3.3 
8.9 
-7.1 
-3.4 
-3.9 
-1.2 
-4.2 
-0.8 
1.9 
0.0 

3.1 
 

-6.4 
 

-4.5 
 

-4.6 
-2.0 
1.8 
0.0 

Cysteine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

0.4 
8.1 

-10.5 
-2.2 
-16.3 
-9.1 
-3.2 
-1.8 
1.7 
0.0 

-1.8 
 

-10.7 
 

-17.0 
 

-4.1 
-2.1 
1.9 
0.0 

0.0 
7.7 

-10.0 
-1.6 
-15.1 
-7.9 
-3.1 
-1.4 
1.7 
0.0 

1.9 
 

-9.1 
 

-15.3 
 

-2.8 
-1.6 
1.7 
0.0 

Methionine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

-2.8 
1.5 

-10.2 
-7.9 
-7.3 
-4.5 
-4.3 
-0.8 
1.7 
0.0 

-1.7 
 

-9.8 
 

-7.3 
 

-4.2 
-0.5 
2.2 
0.0 

-0.5 
4.1 
-7.2 
-4.9 
-6.8 
-3.8 
-3.5 
-0.4 
1.8 
0.0 

-0.5 
 

-8.1 
 

-5.7 
 

-4.2 
-0.8 
1.6 
0.0 
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Table T7.  Signed deviation (method-experiment) on the computed protonation 
thermochemistry of the studied amino acids. 

M Method GB(M)a

kJ mol-1 
PA(M)a 

kJ mol-1 
  msc average msc average 

Serine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

10.5 
9.4 
0.9 
-0.1 
-4.7 
-8.7 
-0.1 
1.8 
1.7 
1.6 

9.8 
 

0.7 
 

-5.4 
 

-1.9 
0.3 
0.6 
0.3 

7.4 
6.2 
1.4 
0.3 
-5.2 
-9.9 
-1.3 
0.8 
1.5 
1.1 

8.6 
 

1.4 
 

-4.9 
 

-0.3 
1.9 
2.2 
2.0 

Threonine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

7.6 
6.7 
-0.3 
-1.9 
-6.8 

-10.3 
-4.6 
-1.3 
-1.2 
-1.6 

7.4 
 

-0.8 
 

-8.1 
 

-5.0 
-2.6 
-2.6 
-2.8 

4.6 
4.1 
-0.9 
-2.5 
-9.1 

-12.5 
-5.3 
-2.9 
-2.0 
-2.4 

6.2 
 

-0.1 
 

-7.7 
 

-4.4 
-1.2 
-0.5 
-1.1 

Cysteine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

14.3 
15.3 
2.7 
3.8 
-6.2 
-7.0 
1.4 
3.4 
4.1 
3.3 

14.6 
 

1.9 
 

-7.0 
 

0.0 
1.9 
2.6 
2.1 

10.3 
11.3 
0.3 
1.3 
-9.1 

-10.0 
-1.2 
0.2 
1.4 
0.6 

12.3 
 

3.7 
 

-6.6 
 

1.3 
2.7 
4.1 
3.1 

Methionine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

23.8 
23.5 
5.7 
5.2 
-3.7 
-5.4 
-1.1 
1.7 
0.8 
0.7 

14.6 
 

1.9 
 

-7.0 
 

0.0 
1.9 
2.6 
2.1 

20.3 
20.4 
5.3 
4.8 
-6.5 
-8.3 
-1.0 
1.6 
1.3 
1.2 

22.5 
 

6.4 
 

-4.5 
 

0.2 
2.9 
2.2 
2.2 

a) "most stable conformer" (msc) value followed by the averaged values calculated over the 298 K distribution 
of conformers.
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Table T8. Signed deviation (method-experiment) on the computed deprotonation 
thermochemistry of the studied α-aminoacids. 

 a) "most stable conformer" (msc) value followed by the averaged values calculated over the 298 K distribution 
of conformers. 

M Method ΔacidG (M)a

kJ mol-1 
ΔacidH (M)a 

kJ mol-1 
  msc average msc average 

Serine 
 

B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

-3.1 
2.8 

-11.2 
-6.6 
-7.9 
-5.0 
-7.0 
-3.1 
0.5 
-1.7 

-2.0 
 

-11.1 
 

-7.1 
 

-5.8 
-2.2 
0.9 
-1.1 

-1.8 
4.3 

-12.1 
-7.5 
-7.3 
-3.9 
-6.3 
-2.6 
-0.1 
-2.0 

-2.4 
 

-12.9 
 

-8.5 
 

-8.2 
-4.7 
-1.4 
-3.4 

Threonine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

1.3 
6.9 
-8.9 
-5.1 
-7.0 
-4.3 
-6.1 
-3.2 
0.4 
-1.5 

2.5 
 

-7.9 
 

-6.3 
 

-5.1 
-1.2 
1.8 
-0.3 

2.7 
8.3 
-7.7 
-4.0 
-4.5 
-1.8 
-4.8 
-1.4 
1.3 
-0.6 

1.8 
 

-7.7 
 

-5.8 
 

-5.9 
-3.3 
0.5 
-1.3 

Cysteine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

-1.7 
6.0 

-12.6 
-4.3 
-18.4 
-11.2 
-5.3 
-3.9 
-0.4 
-2.1 

-2.4 
 

-11.3 
 

-17.6 
 

-4.7 
-2.7 
1.3 
-0.6 

-2.0 
5.7 

-12.0 
-3.6 
-17.1 
-9.9 
-5.1 
-3.4 
-0.3 
-2.0 

-3.3 
 

-14.3 
 

-20.5 
 

-8.0 
-6.8 
-3.5 
-5.2 

Methionine B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

-1.4 
2.9 
-8.8 
-6.5 
-5.9 
-3.1 
-2.9 
0.6 
3.1 
1.4 

-0.8 
 

-8.9 
 

-6.4 
 

-3.3 
0.4 
3.1 
0.9 

1.7 
6.3 
-5.0 
-2.7 
-4.6 
-1.6 
-1.3 
1.8 
4.0 
2.2 

1.7 
 

-5.9 
 

-3.5 
 

-2.0 
1.4 
3.8 
2.2 
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Table T9. Computed thermochemical data of reference compounds ammonia and benzoic 
acid. 

a) from ref 47. b) from ref 56.

M Method GB(M)
kJ mol-1 

PA (M) 

kJ mol-1 
  msc deviation msc deviation 

NH3 
 

B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

Tabulateda 

831.6 
824.7 
821.9 
814.3 
819.0 
808.7 
819.8 
821.3 
819.9 
820.6 
819.0 

12.6 
5.7 
2.9 
-4.7 
0.0 

-10.3 
0.8 
2.3 
0.9 
1.6 

866.1 
859.2 
856.4 
848.8 
853.4 
843.2 
854.3 
855.7 
854.3 
855.1 
853.6 

12.5 
5.6 
2.8 
-4.8 
-0.2 
-10.4 
0.7 
2.1 
0.7 
1.5 

M Method ΔacidG(M)
kJ mol-1 

ΔacidH (M) 

kJ mol-1 
  msc deviation msc deviation 

Benzoic 
acid 

B97-D/6-31+G(d,p) 
B97-D/6-311++G(3df,2p) 

B3LYP/6-31+G(d,p) 
B3LYP/6-311++G(3df,2p) 

M06-2X/6-31+G(d,p) 
M06-2X/6-311++G(3df,2p) 

CBS-QB3 
G3B3 

G4MP2 
G4 

Tabulatedb 

1393.3 
1396.5 
1387.5 
1390.5 
1388.2 
1389.0 
1390.1 
1393.6 
1393.3 
1392.5 
1394.0 

-0.7 
2.5 
-6.5 
-3.5 
-5.8 
-5.0 
-3.9 
-0.4 
-0.6 
-1.5 

1424.1 
1427.3 
1417.8 
1420.8 
1418.7 
1419.5 
1420.1 
1423.6 
1423.3 
1422.4 
1423.5 

0.6 
3.8 
-5.7 
-2.7 
-4.8 
-4.0 
-3.4 
0.1 
-0.2 
-1.1 
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Table T10. Correspondence between conformers name in excels tables and charts. 
 

SER1 SICg+ SERH+1 SHIg- 
SER2 SIIBg- SERH+2 SHIg+ 
SER3 SIIBa SERH+3 SHIIg- 
SER4 SIAg- SERH+4 SHIIg+ 
SER5 SIIICg- SER-H1 S-HBa 
SER6 SIIICg+ SER-H2 S-HAa 
SER7 SIIAg+ SER-H4 S-HBg- 
SER11 SI’Cg- SER-H5 S-HAg+ 

 
THR1 TIIBg- THRH+1 THIg- 
THR2 TICg+ THRH+2 THIg+ 
THR3 TIIICg+ THRH+3 THIIg+ 
THR4 TIAg- THRH+4 THIIg- 
THR5 TIIBa THR-H1 T-HAa 
THR6 TIIICg- THR-H2 T-HBa 
THR7 TI’Cg-(2) THR-H3 T-HBg- 
THR8 TIIAg+ THR-H4 T-HAg+ 
THR9 TI’Cg-   
THR10 TII’Ag+   

 
CYS1 CIIBg- CYSH+1 CHIg- 
CYS2 CICg+ CYSH+2 CHIg+ 
CYS4 CI’Cg- CYSH+3 CHI’g+ 
CYS5 CICg- CYSH+4 CHI’g- 
CYS6 CIIAg+ CYSH+5 CHIIg- 
CYS9 CIIICg- CYSH+6 CHIIg+ 
CYS10 CIAg- CYS-H1 C-HSCa 
CYS11 CIIICa CYS-H2 C-HSCg- 

  CYS-H3 C-HSAa 
  CYS-H6 C-HOCg+ 
  CYS-H7 C-HSBg- 

 
Met1 MetICg+g+g+ MetH+4 MetHIg-g+a 
Met2 MetICg+ag- MetH+5 MetHIIg+g-g- 
Met3 MetICg+ag+ MetH+6 MetHIIg+g-a 
Met4 MetICg+aa Met-H1 Met-HAg-ag+ 
Met5 MetICg+g+g- Met-H3 Met-HAg+ag- 
Met9 MetIIBg-g+a Met-H4 Met-HAg+ag+ 
Met10 MetIIAg+g-g- Met-H8 Met-HAg-ag- 
Met11 MetIIBg-g+g+ Met-H9 Met-HAg-aa 

MetIg+g+a MetICg+g+a Met-H13 Met-HAag-g+ 
MetH+1 MetHIg+g-g- Met-H19 Met-HBg-ag+ 
MetH+2 MetHIg+g-a Met-H21 Met-HBag-g+ 
MetH+3 MetHIg-g+g+   
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