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Abstract — Activity coefficients and solubilities of L-Valine and L-Proline in aqueous solutions containing each of
four electrolytes such as NaCl, KCI, NaNO; and KNO; were measured at 298.15 K. The measurements of activity coef-
ficients were carried out in the electrochemical cell coupled with two ion-selective electrodes (cation and anion), and the
solubilities were measured by the gravimetric analysis of saturated solutions in equilibrium with the solid phase of
amino acid. The measured activity coefficients of electrolytes and amino acids were correlated with the theoretical ther-
modynamic model presented in the previous work [Korean Chem. Eng. Res. 48(4), 519(2010)]. It was found that the
activity coefficients of amino acids and electrolytes described based on the our previous model were well agreeable with
experimental data. Also the experimental solubility data of L-Valine and L-Proline were successfully correlated with the
thermodynamic relation mentioned in the previous work.
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L-Valine/NaCl 0.050 -0.19731 0.01986 0.14871 1.28283 —0.99840
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Fig. 1. Experimental mean ionic activity coefficients of electrolytes, yfr/yii" in the L-Valine/electrolyte aqueous solutions.
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Fig. 2. Experimental mean ionic activity coefficients of electrolytes, yf’/yii" in the L-Proline/electrolyte aqueous solutions.
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Fig. 3. Experimental activity coefficients of amino acid, v,,/y,, in the L-Valine/electrolyte aqueous solutions.
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Table 2. Measured solubilities of L-Valine and L-Proline in aqueous
electrolyte solutions at 298.15 K

Electrolyte Solubility of L-Valine [g/kg-H,O]
(m,) NaCl KCl NaNO, KNO;
0.0 58.57 58.57 58.57 58.57
0.1 58.92 58.42 59.37 59.20
03 59.10 58.18 59.77 59.25
0.5 57.93 57.83 60.00 58.97
0.7 57.50 56.46 60.32 58.88
1.0 55.06 54.70 60.28 57.97
1.5 52.82 52.27 59.61 56.58
2.0 49.28 49.22 58.88 54.19
Electrolyte Solubility of L-Proline [g/kg-H,0]
(m,) NaCl KCl NaNO, KNO;
0.0 m 1632.81 1632.81 1632.81 1632.81
0.5m 1684.22 1653.64 1786.73 1687.00
1.0m 1709.52 1697.13 1822.01 1731.00
1.5m 1731.11 1715.68 1889.71 1756.16
2.0m 1767.95 1754.99 1964.68 1846.52
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Table 3. Structural formula of the amino acids studied in this work
and the previous work|[8]

Structural formula
OH

HoN c
o N

Amino acid

L-Valine (¢}

H

e

(o)

C
H3C/
HO
\C/
L-Alanine |
CH

HNT Y

L-Proline CH
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Table 4. Simulated results of activity coefficients of amino acids and electrolytes in the amino acid/electrolyte aqueous solutions, based on the
theoretical model of previous work [8]

. . Estimated parameters ARD(%) Data source

Amino acid/electrolyte I TN 10° S 7 e o e
av Eion.d4 44 + 44 +
L-Valine/NaCl -0.1540 0.0035 2477.69 0.170 0.249 [29] [30]
L-Valine/KCl 0.0051 -0.0139 2634.98 0.470 1.098 [29] [30]
L-Valine/NaNO, -0.0895 -0.0019 2537.09 0.330 0.296 [29] [30]
L-Valine/KNO; -0.0943 0.0054 2340.89 0.541 3.336 [29] [30]
L-Proline/NaCl -0.0689 0.0022 2574.42 1.060 0.716 [29] [30]
L-Proline/KCl 0.0092 0.0033 2661.16 0.946 1.311 [29] [30]
L-Proline/NaNO; 0.0065 -0.0032 2662.33 1.439 1.262 [29] [30]
L-Proline/KNO; 0.0512 0.0011 2692.60 1.882 2.713 [29] [30]
overall average 0.855 1.373
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Fig. 5. Comparisons of activity coefficients of L-Valine, yiffl correlated based on the previous model [8] and experimental data of this work.
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Fig. 6. Comparisons of activity coefficients of L-Proline, yif; correlated based on the previous model [8] and experimental data of this work.
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this work in the L-Proline/electrolyte aqueous solutions.
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Table 5. Calculated results for solubilities of amino acids in different
electrolyte solution at 298.15 K

Amino acid/electrolyte a b ARD (%)

L-Valine/NaCl 0.0129 0.5808 0.711
L-Valine/KCl -0.1210 0.7726 0.369
L-Valine/NaNO, 0.0069 1.0000 1.655
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L-Proline/KCl —-0.0836 0.9697 0.304
L-Proline/NaNO; —-0.1348 0.4445 0.676
L-Proline/KNO; —0.0245 1.5341 0.746
overall average 0.696
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Fig. 9. Comparisons of calculated solubilities of L-Valine and
experimental data of this work.
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Fig. 10. Comparisons of calculated solubilities of L-Proline and
experimental data of this work.
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a : adjustable parameter of eqn.[19]
b : adjustable parameter of eqn.[19]
C, Cy Cy; : constants of eqn.[6]
AE"" : electro potential difference between the cation and anion

electrodes in the amino acid/electrolyte aqueous solution
AEP™ : electro potential difference between the cation and

anion electrodes in the electrolyte aqueous solution

£ : fugacity of amino acid

F : Faraday constant

k : Boltzmann constant

k; : interaction parameter between and component

1 : adjustable parameter of eqn.[14]

n : adjustable parameter of eqn.[14]

n, :mole number of electrons transferred between two
electrodes

N : number of salt molecule

N, : Avogadro's number

m,, : molality of amino acid

m, : molality of salt

R : gas constant

S : slope of electro potential between cation and anion
electrodes

T : temperature

v : molar volume
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A
o : solubility of amino acid in the electrolyte aqueous
solution
bin : solubility of amino acid in water
Je2[o|A 2K}
L :mean ionic activity coefficient in the amino acid/
electrolyte aqueous solution
};i" : mean ionic activity coefficient in the electrolyte aqueous
solution
v s activity coefficient of amino acid in the amino acid/
electrolyte aqueous solution
y};’: : activity coefficient of amino acid in electrolyte aqueous
solution
g,k : dispersion energy parameter between chemical species
iandj
€imias/k  :adjustable parameter which means the energy parameter
of association between amino acid and ions of electrolyte
kfjf,oz 4 : volume parameter of association between amino acid
and ions of electrolyte
v : total number of cation and anion per salt molecule
Py : number density of salt
S : segment diameter of chemical species i
HExE
ter : ternary solution
bin : binary solution
O2H& X}
AA : amino acid
i, ] : chemical species i, j
1,2,3,4 : water, cation, anion and amino acid respectively
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