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Abstract: Adsorption isotherm is the most fundamental information in adsorption separation—process. Directly from the elution profile of a peak, the
elution—curve method and frontal analysis(FA) were utilized to measure the adsorption isotherm in this work. Using RP-HPLC, sample and the
buffer added in mobile phase were 5'-GMP and sodium phosphate, respectively. In this experimental condition, the retention time was decreased
with increase in the injected mass of sample. And the front part of a peak was very stiff, so Langmuir adsorption isotherm might be applied. By
the elution-curve method, the parameters used in the isotherm were obtained by optimization method, while by the FA, the concentrations of
stationary phase were measured from the elution curve and the isotherm was determined by regression analysis. Compared to FA, the consumption
of sample was less, and only one or two injections were needed by the elution-curve method. Finally, the effect of concentration of sodium
phosphate in mobile phase on the parameters of the isotherm was investigated.
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Figure 1. Algorithm of parameter estimation by elution-curve
method.
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Figure 2. Shift in peak shapes of 5-GMP with injection
volumes(15 mM sodium phosphate, 10 mg/mL concentration).
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Figure 3. Comparison of the experimental data and calculated
elution profiles(same condition as in Figure 1).
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Figure 4. Frontal analysis of 5'-GMP with or without column
(15 mM sodium phosphate, 0.25 mg/mL concentration, 5 mL
injection vol.).

Table 1. Relationship of Cs and Cm with Buffer Concentrations

buffer conc. (mM) Cm (mg/mL) Cs (mg/mL)
0.125 0.197
0.250 0.344
5 0.500 0.593
1.000 1.038
2.000 1.752
0.125 0.281
0.250 0.529
10 0.500 0.943
1.000 1.623
2.000 2.708
0.125 0.318
0.250 0.590
15 0.500 1.079
1.000 1.903
2.000 3244
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Figure 5. Effect of type of buffers on elution profile (10 mM

concentrations of sodium borate(left peak) and sodium phosphate

(right peak), 10 mg/mL concentration, 0.01 mL injection vol.).
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Figure 6. Shift in elution profiles with buffer concentrations (10

mg/mL concentration, 0.01 mL injection vol.).
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the parameters a and b by frontal analysis
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Table 2. Comparison of Parameters of Langmuir Isotherm with
Buffer Concentrations

concentration of | elution-curve method FA
sodium phosphate a b a b
(mM) () |(mL solid/mg)| (-) |(mL solid/mg)
5 1.345 0219 1.362 0.280
15 1.845 0.137 2.149 0.300
25 2.167 0.122 2403 0.240
35
3.0 .
e “’ L .
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£ |
& 154 s
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Figure 8. Adsorption isotherm of 5'-GMP with buffer concen-
tration by elution-curve method(solid line) and frontal analysis
(dotted line).
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a, b parameters used in Langmuir adsorption isotherm
Cm  : concentration of solute in mobile phase [mg/mL]

Cs : concentration of solute in stationary phase [mg/mL]
HETP : Height Equivalent to a Theoretical Plate [cm]
N . number of theoretical plates [-]
q : volumetric flow rate of mobile phase [cm*/min]
t : time [min]
to * retention time of unretained compound [min]
tr ! retention time [min]
u : linear velocity of mobile phase [cm/min]
w . peak width [min]
x . axial distance [cml]
& : total void fraction [-]
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