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Development of an ion stacking method using a separation function of water in
microenvironments
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We elucidated that the stacking of ionic solutes in a partition
chromatographic column takes place due to the effect of the background co-ion in the eluent and/or
sample solution on the distribution of the ions between the bulk water and the water incorporated in

the porous packing materials, which acts as the stationary phase. Using ion exclusion effect of
fixed anionic charges on a packing material as well as the ion stacking by partition, we developed a
new analytical methodology for a simple and efficient on-line preconcentration of trace inorganic
anions in water and salt samples prior to ion chromatographic determination. The developed method
was validated by recovery experiments for the determination of nitrate in tap water in terms of both
accuracy and precision, and the results showed the reliability of the method. The method proposed
was also successfully applied to the determination of trace impurity nitrite and nitrate in
reagent-grade salts of sodium sulfate.
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Table 1 Void volume, bulk water volume, and

stationary phase water volume (mL) determined for a
TSKgel G2500PWy, column.

Vo VBW Vs \/I nt

10.22 + 0.04 6.80+0.18 3.42+0.18 5.27+0.05
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Fig. 1 Dependence of the retention volumes of NO3, T,
and SCN™ on the eluent electrolyte concentration.
Column: TSKgel G2500PWx;. Eluent -electrolyte:
NaCl.
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Table 2 Distribution coefficients of inorganic anions
on a TSKgel G2500PWy; column with 0.1 mol/L
NaCl and Na,SO, solutions.

Anion DANaCI DANaZSO4
SO~ 0.11 0.32
105 0.20 0.42
cr 0.36 0.60
Br 0.71 1.42
NOy 0.93 1.80
I 227 4.42
SCN 4.66 8.99
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Fig. 2 Variation of the chromatogram of NOj
obtained by injecting mixed electrolyte solutions of
NaNO; + Na,SO, with the sample volume injected.
Column: TSKgel G2500PWy;. Concentration of
electrolyte in the sample solution: NaNOs;= 1
umol/L; Na,SO; = 0.1 mol/L. Flow rate: 0.5

mL/min.
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Fig. 3 Instrumental set up of on-line PIEC ion
stacking—IC.
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Fig. 4 Chromatograms obtained by injection of 50-fold
diluted tap water with 0.100 M Na,SO, into the on-line
PIEC ion stacking-IC (A) and direct injection of
50-fold diluted tap water with water into IC (B).
Eluant, 4.5 mM Na,CO; + 1.4 mM NaHCO;; flow
rate, 1.2 mL min’'; detection wavelength, 220 nm.
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Fig. 5 Chromatograms obtained for the injections of
0.100 M GR and EP grade Na,SO, solutions by on-line
PIEC ion stacking-IC. For other details see Fig. 4.

Table 3 Quantification results of GR and EP grade
sodium sulfate for impurity NaNO, and NaNOs;.

Salt GR grade EP Grade
(mg/kg) (mg/kg)
NaNO; 1.01 £0.01 0.66 +0.01
NaNO, 0.73 £0.01 1.39 £0.05
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