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Abstract
Isothermal titration calorimetry (ITC) is a useful technique to obtain thermodynamic binding properties such as enthalpy,
Gibbs free energy, entropy, and stoichiometry of the chelation reaction. A single independent binding site model was used
to evaluate the thermodynamic binding properties in BaCl, and ethylenediaminetetraacetic acid (EDTA) in Trince and HEPES
buffers. ITC enables us to elucidate the binding mechanism and find an optimal chelation condition for BaCl, and EDTA
in the pH range of 7~11. Chelation of BaCl, and EDTA is a spontaneous endothermic reaction. As pH increased, entropic
contributions dominated. The optimal pH range is narrow around pH 9.0, where 1:1 binding between BaCl, and EDTA occurs.
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Ethylenediaminetetraacetic acid (EDTA), barium chloride (BaCly),
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Figure 1-> 20 mM BaCL 2} 1 mM EDTA”} 25 °C, 20 mM Tricine,
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Figure 1. Heat flow and integrated heats of chelation of BaCl, and
EDTA in Tricine at pH 8.0 at 25 °C.
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Table 1. Thermodynamic binding parameters of chelation of BaCl, and EDTA depending on pH in Tricine®

1 K

AG AH AS

pH (mM) (uM) (kJ | mol) (kJ / mol) (J/ molK) n
7 229 15.62 274 -25.8 53 0.513

: (x 1.44) (= 0.2) = 04) (= 1.8) (£ 0.004)
3 392 2.06 -32.5 -24.8 25.8 1.008

: (= 0.62) (= 0.5) (= 0.3) (= 2.8) (£ 0.008)
9 16.04 0.83 -34.7 -22.8 40.1 0.996

) (= 0.35) (+ 0.6) (= 0.3) * 3.1) (£ 0.006)
10 17.68 0.64 -35.4 -18.0 58.3 0.818

: (= 0.17) (= 0.5) = 0.2) * 2.1) (£ 0.004)
1 18.84 0.67 -35.7 -16.8 61.8 0.391

: (= 0.14) (= 0.4) (= 0.8) (* 4.1) (£ 0.008)

“BaCl, (20 mM) was injected into 1 mM EDTA at 25 °C and the parameters were estimated with a single independent binding site model. Standard deviations are

shown in parentheses.
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Figure 2. Influence of pH on thermodynamic binding properties of
chelation of BaCl, and EDTA in Tricine at 25 °C: (a) enthalpy, (b)
Gibbs free energy, (c) entropy, and (d) stoichiometry.

Table 2. Quadratic fitting parameters of thermodynamic binding
parameters chelation of BaCl, and EDTA depending on pH in Tricine’

ANH AG AS
(kIimol)  (KJ/mo)  (J/molK) "
Bo -6.62 49.45 -258.3 -10.22
B 320 -1631 52.85 252
B, 033 0.80 2.13 -0.14

"The quadratic fitting equation is y = By + By x + Byx’, where x and y are pH
and a thermodynamic binding property, respectively.
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Table 3. Thermodynamic Binding Parameters of Chelation of BaCl, and EDTA depending on pH in HEPES®

1 K

AG

AH AS

pH (mM) (uM) (kJ / mol) (kJ / mol) (J/ molK) n

7 507 16.13 -27.3 -16.6 36.0 0.613
' (2.81) (0.3) 0.4) (2.3) (0.009)

3 15.07 1.44 -334 -139 65.1 0.642
' (0.70) (0.7) 0.9) (3.5) (0.021)

9 19.22 0.85 -34.7 -13.7 70.2 0.885
' (0.42) (0.7) 0.4) (3.4) (0.011)

0.42 -36.4 -15.1 71.4 0.641
10 20.18 (0.24) (0.8) (0.5) (3.2) (0.008)
0.17 -38.7 -17.0 72.8 0.522
1 21.24 (0.09) (0.7) 0.2) (5.3) (0.008)

*BaCl, (20 mM) was injected into 1 mM EDTA at 25 °C and the parameters were estimated with a single independent binding site model. Standard deviations are

shown in parentheses.
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Figure 3. Influence of pH on thermodynamic binding properties of
chelation of BaCl, and EDTA in HEPES at 25 °C: (a) enthalpy, (b)
Gibbs free energy, (c) entropy, and (d) stoichiometry.

Table 4. Quadratic Fitting Parameters of Thermodynamic Binding
Parameters Chelation of BaCl, and EDTA Depending on pH in
HEPES®

AH AG AS
(I I moly — (JImol)  (J/molK) "
Bo 72,58 38.1 385.7 348
B 13.30 1217 87.54 0.78
B, 0.75 0.53 442 -0.044

*The quadratic fitting equation is y = By + By x + Bzxz, where x and y are pH
and a thermodynamic binding property, respectively.
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