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Table 1. Amino acids used in protonation studies.

CAS-No.  Name Solubility in water Mass fraction purity Type of amine  Trade name
g/kg water

56-41-7 L-alanine 166.9 >99.5 Primary Sigma-Aldrich
56-40-6 Glycine 239 >99.7 Primary Sigma-Aldrich
147-85-3  L-proline 1625 >99 Secondary Sigma-Aldrich
72-18-4 L-valine 88 >99.5 Primary Sigma-Aldrich
2835-81-6  DL-2-aminobutyric acid 210 >99 Primary Sigma-Aldrich
62-57-7 2-aminoisobutyric acid 137 >98 Primary Sigma-Aldrich
107-97-1 Sarcosine 428 >98 Secondary Sigma-Aldrich
327-57-1 L-norleucine 15 >99 Primary Sigma-Aldrich
6600-40-4  L-norvaline 107 >99 Primary Sigma-Aldrich
107-35-7  Taurine 105 >99 Primary Sigma-Aldrich
52-52-8 Cycloleucine 50 >97 Primary Sigma-Aldrich

17) Handbook of Chemistry and Physics 94" edition, W.M. Haynes (ed.) 2013-2014.
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Table 2. Comparison of pK, of amino acids with published values at 298 K.

Ionic
Amino acids Source rK. Method Medium
strength(M)

This work 8.97 Glass electrode KC1 0.01
Taurine O’Brien et al.** 9.06 Glass electrode KCl 0.01

Maslowska et al.? 9.04 Glass electrode NaClO,4/LiClO4 0.01

Datta and Grzybowski 2 8.96 Glass electrode Other/unknown 0.01

This work 9.8 Glass electrode KCl 0.02
Cycloleucine

Israeli et al. %7 9.95 Glass electrode KNO; 0.01

This work 9.678 Glass electrode KCl 0.02

Majumdar and Lahiri ** 9.62 Glass electrode None 0.01
L-alanine

Dutta and Lahiri % 9.71 Glass electrode NaClO,/LiClO, 0.01

Chakravorty and Lahiri *° 9.63 Glass electrode None 0.01

This work 9.57 Glass electrode KC1 0.02

Sanaie and Haynes *' 9.61 Glass electrode KNO; 0.01
L-valine

Majumdar and Lahiri 2 9.57 Glass electrode NaNO; 0.01

Zhang et al.*? 9.59 Glass electrode None 0.01

This work 9.731 Glass electrode KCl 0.02
DL-2- Maslowska and Chruscinski **  9.75 Glass electrode NaClO,/LiClO, 0.01
aminobutyric acid ~ Gergely and Sovago ** 9.77 Glass electrode KCl 0.01

Srivastava * 9.63 Glass electrode KNO; 0.01

This work 9.46 Glass electrode KCl 0.02

Sovago et al. * 9.81 Glass electrode KCl1 0.01
L-norleucine

Israeli and Pettit >’ 9.8 Glass electrode KNO; 0.01

Gergely and Sovago ** 9.78 Glass electrode KC1 0.01

This work 9.52 Glass electrode KC1 0.02
Glycine

Monajjemi et al. * 9.69 Spectrophotometry MeOH mixed 0.01



solvents

Dioxan mixed

Wada et al. % 9.53 Ion selective electrode 0.01
solvents

Jozefonvicz et al. ! 9.31 Glass electrode Other mixed solvent  0.01

This work 10.39 Glass electrode KCl 0.02

El-Sherif #? 10.65 Glass electrode NaNO; 0.01
L-proline

Chen and Lin ¥ 10.52 Glass electrode NaClO4/LiClO, 0.01

Majumdar and Lahiri > 10.51 Glass electrode None 0.01
Monoethanol Fernandes et al. 1> 9.44 Glass electrode None N/A
amine

Note: N/A = not applicable

(24) O'Brien, E. C.; Farkas, E.; Rockenbauer, A.; Nolan, K. B. Metal complexes of taurine. The first reported solution equilibrium studies
for complex formation by taurine at physiological pH; the copper(I)-glycylglycinate-taurine and the copper(Il)-glycylaspartate-taurine
systems. J. Inorg. Biochem. 1999, 77, 135-139.

(25) Maslowska, J.; Chruscinski, L. Potentiometric studies on mixed-ligand complexes of Cr(lii) with DI-Methionine, DI-Ethionine and
other amino-acids. Polyhedron 1986, 5, 1135-1139.

(26) Datta, S. P.; Grzybowski, A. K. The Stability Constants of the silver complexes of some aliphatic amines and amino-acids. J. Chem.
Soc.1959, Mar 1091-1095.

(27) Israeli, J.; Cayouett.Jr; Volpe, R. Reaction of metallic nitriloacetates with cycloleucine. Talanta 1971, 18, 737-737.

(28) Majumdar, K.; Lahiri, S. C. Studies on the dissociation constants of amino acids in dioxane plus water mixtures at 298 K. J. Indian
Chem. Soc. 1997, 74, 382-386.

(29) Dutta, S. C.; Lahiri, S. C. Studies on the dissociation constants and solubilities of amino-acids in ethylene-glycol plus water mixtures. J.
Indian Chem. Soc. 1995, 72, 315-322.

(30) Chakravorty, S. K.; Lahiri, S. C. Studies on the Dissociation constants of amino-acids in mixed-solvents. J. Indian Chem. Soc. 1987,
64,399-402.

(31) Sanaie, N.; Haynes, C. A. Formation constants and coordination thermodynamics for binary and ternary complexes of copper(Il), L-
hydroxyproline, and an amino acid enantiomer. J. Chem. Eng. Data 2005, 50, 1848—1856.

(32) Zhang, X. D.; Liu, Y.; Sun, J. Y.; Liu, Q. T. Study on the stability of Zn(II) 12-pentyl-1,4,7,10-tetraazacyclotridecane-11,13-dione-
alpha-amino acids ternary complexes. Acta Chim. Sinica 2000, 58, 662—665.

(33) Maslowska, J.; Chruscinski, L. Potentiometric studies on mixed complexes of Ni(li) with Taurine, DI-Methionine and DI-Ethionine in
aqueous-solution. Polyhedron 1984, 3, 1329-1331.

(34) Gergely, A.; Sovago, 1. Thermodynamic relations of transition-metal ion complexes formed with D-glucosaminic acid. Magy. Kem.

Foly. 1972, 78, 274-280.



(35) Srivastava, J. P. N.; Srivastava, M. N. Stability constants and thermodynamic functions of some rare-earth metal-ion chelates of Dl-a-
aminobutyric acid. J. Inorg. Nucl. Chem. 1978, 40, 2076-2078.

(36) Sovago, L; Kiss, T.; Gergely, A.; Tuck, D. G.; Yamauchi, O.; Bourg, A. C. M.; Braibanti, A.; Byrne, R. H.; Lajunen, L. H. J.; Powell,
H. K. J.; Byrne, R. M.; Duffield, J. R.; Holmberg, B.; Ishiguro, S.; Kaden, T. A.; Laurie, S. H.; Martin, R. B.; Paoletti, P.; Portanova, R.;
Sjoberg, S.; Melios, C. B.; Zhang, M. P.; Valenta, P.; Beck, M. T.; Bhattacharya, P. K.; Vaz, M. C.; Popov, K. L; Pettit, L. D.; Choppin, G.
R. Critical survey of the stability constants of complexes of aliphatic amino acids (Technical Report). Pure Appl. Chem. 1993, 65, 1029—
1080.

(37) Israeli, M.; Pettit, L. D. Complex formation between unsaturated a-aminoacids and Silver(I) and some divalent transition-metal ions. J.
Inorg. Nucl. Chem. 1975, 37, 999—-1003.

(38) Gergely, A.; Sovago, I. Log p AH and AS values of mixed complexes of Cu(Il) with histamine and some aliphatic amino-acids. J.
Inorg. Nucl. Chem. 1973, 35, 4355-4365.

(39) Monajjemi, M.; Moniri, E.; Azizi, Z.; Panahi, H. A. Comparison studies on complexation of glycine with vanadium (V) in mixed
solvent systems. Russ. J. Inorg. Chem. 2005, 50, 40—44.

(40) Wada, H.; Ikuta, K.; Nakagawa, G. Mixed-ligand complexes of copper(I)-1-(2-Pyridylazo)-2-naphthol with bidentate ligands. Bull.
Chem. Soc. Jpn. 1978, 51,2916-2919. (41) Jozefonvicz, J.; Muller, D.; Petit, M. A. Stereoselectivity in the ternary complexes copper(II)-N-
benzyl-L-proline-D- or L-a-amino-acids. J. Chem. Soc. Dalton Trans 1980, 1, 76-79.

(42) El-Sherif, A. A. Mixed-ligand complexes of 2-(aminomethyl)-benzimidazole palladium(II) with various biologically relevant ligands. J.
Solution Chem. 2006, 35, 1287-1301.

(43) Chen, R.; Lin, H. Linear free energy relationships between stability of complex compounds and strengths of acid and base of ligands X.
The copper(IT)-N-acetylglycine-a-amino acid competitive ternary systems. Acta Chim. Sinica 1988, 46, 808-811.

(13) Fernandes, D.; Conway, W.; Wang, X. G.; Burns, R.; Lawrance, G.; Maeder, M.; Puxty, G. Protonation constants and thermodynamic

properties of amines for post combustion capture of CO,. J. of Chem. Thermodyn. 2012, 51, 97-102.



Table 3. pK, values of amines as a function of temperatures.

Amino acids

Temp. (K) Sarcosine Cycloleucine L-norleucine L-norvaline

Pk SD IS pk, SD IS pk. SD IS pk. SD IS

298 10.28 0.0572  0.02 9.80 0.0225 0.02 946 0.0171 0.02 948 0.0219 0.02
313 10.11  0.0533 0.02 9.48 0.0173 0.02 9.14 0.0132 0.02 9.16 0.0082 0.02
323 987 0.0516 0.02 9.19 0.0095 0.02 888 0.0083 0.02 8.88 0.0090 0.02
333 976 0.0602 0.02 9.09 0.0284 0.02 876 0.0263 0.02 876 0.0266 0.02
343 9.55 0.0748 0.02 898 0.0236 0.02 865 0.0195 0.02 870 0.0179 0.02
353 9.44  0.0650 0.02 873 0.0292 0.02 841 0.0329 0.02 837 0.0296 0.02

Amino acids

Temp. (K) L-alanine Valine DL-2-aminobutyric acid ~ 2-aminoisobutyric acid

pK.  SD IS pK, SD IS pK. SD IS pK. SD IS

298 9.68 0.0209 0.02 957 0.0093 0.02 973 00159 0.02 990 0.0140 0.02

313 929 0.0082 0.02 9.2 0.0098 0.02 924 0.0107 0.02 9.54 0.0087 0.02

323 893 0.0105 0.02 881 0.0051 0.02 9.00 0.008 0.02 932 0.0084 0.02

333 875 0.0253 0.02 8.60 0.0051 0.02 886 0.0077 0.02 9.03 0.0190 0.02

343 854 0.0130 0.02 849 0.0071 0.02 8.63 0.0106 0.02 893 0.0127 0.02

353 836 0.0097 0.02 824 0.0114 0.02 848 0.0196 0.02 855 0.0272 0.02

Amino acids Amine

Temp. (K) Taurine Glycine L-proline Temp.(K) N([;;u;egl;?gﬁ;n;;i)w

pk.  SD IS pk., SD IS pK, SD IS pK., SD

298 897 0.0201 0.01 952 0.0105 0.02 1038 0.0225 0.02 288 9.67 0.01

313 8.63 0.0608 0.01 9.14 0.0083 0.02 10.01 0.0187 0.02 298 9.44 0.01

323 826 0.0731 0.01 887 0.0058 0.02 9.78 0.0106 0.02 308 9.21 0.04

333 8.06 0.0803 0.01 871 0.0132 0.02 957 0.0129 0.02 318 8.96 0.03
343 8.54 0.0130 0.02 849 0.0071 0.02 863 0.0106 0.02
353 836 0.0097 0.02 824 00114 002 848 0.0196 0.02

Note:IS = ionic strength; SD = standard deviation
(13) Fernandes, D.; Conway, W.; Wang, X. G.; Burns, R.; Lawrance, G.; Maeder, M.; Puxty, G. Protonation constants and thermodynamic

properties of amines for post combustion capture of CO». J. of Chem. Thermodyn. 2012, 51, 97-102.



Table 4. AH,,’, AS,,"and AG,,’ values of protonation reaction of amino acids at 298 K and

353 K.
Amino acids /amine AH,,’ (kJ/mol)  AS,’ (J/(Kemol) AG,,'(kJ/mol) (298K) AG,’'(kJ/mol) (353K)
Sarcosine -31.92 90.51 -58.90 -63.88
2-aminoisobutyric acid -46.02 36.11 -56.69 -58.37
Cycloleucine -37.75 60.68 -55.85 -59.18
DL-2-aminoisobutyric acid -45.02 34.14 -55.20 -57.08
L-alanine -48.96 20.82 -55.17 -56.31
Valine -47.74 22.27 -54.38 -55.61
L-norvaline -38.16 53.29 -54.05 -56.98
L-norleucine -37.22 56.01 -53.92 -57.00
Taurine -51.18 0.60 -51.36 -51.40
Glycine -48.68 19.58 -54.52 -55.59
L-proline -45.14 47.58 -59.33 -61.94

Monoethanolamine '*

(as a benchmark) -4 42 -53.52 -55.83
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