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Abstract

lon-exclusion chromatography—cation-exchange chromatography was developed for the simultaneous separation of
common inorganic anions and cations (Cl~, NO; and SO?; Na*, NH,, K", Mg and Ca®") on a weakly acidic
cation-exchange column by elution with weak acid. Generally, the resolution among these monovalent cations was only
moderate, thereby hindering the determination of these analytes in natural-water samples. Therefore, 18-crown-6 was added
to the eluent to improve the resolution. A good separation of these anions and cations on a weakly acidic cation-exchange
column was achieved in 30 min by elution with 5 mM tartaric acid/6 mM 18-crown-6/methanol—water (7.5:92.5). The
ion-exclusion chromatography—cation-exchange chromatography method developed here was successfully applied to the
separation of major anions and cations in an environmental water sample. O 1999 Published by Elsevier Science BV. All
rights reserved.
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1. Introduction are separated by an ion-exclusion process and are
detected by direct conductimetry. In contrast, cations
are separated by a cation-exchange process and are
detected by indirect conductimetry. However, the
peak resolution among monovalent cations is often

moderate. Improvement of peak resolution is re-

lon-exclusion  chromatography—cation-exchange
chromatography (CEC) is very useful for the
simultaneous separation of common inorganic anions
(Cl~, NO; and SO ) and cations (Na*, NH; , K",

Mg®" and Ca’") in natural-water samples. The
technique uses conductivity detection on a weakly
acidic cation-exchange column (TSKgel OA-Pak A),
using a weak-acid eluent developed by Tanaka et al.
[1]. In ion-exclusion chromatography—CEC, anions
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quired for the achievement of accurate determination
of these species.

Crown ethers are well known to form stable
complexes with cations, especially monovalent cat-
ions [2]. On the basis of these stabilities, 18-crown-6
was added to acidic eluents to improve peak res-
olution of mono- and divalent cations on a weakly
acidic cation-exchange column [3,4].

The aim of this study was to improve of peak
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resolution among monovalent cations in ion-exclu-
sion chromatography—CEC. Therefore, the addition
of 18-crown-6 to 5 mM tartaric acid/methanol—
water (7.5:92.5) as eluent was carried out. As a
result, when using 5 mM tartaric acid/6 mM 18-
crown-6/methanol —water (7.5:92.5) as eluent, good
simultaneous separation of these anions and cations
was achieved in 30 min. The ion-exclusion chroma-
tography—CEC method developed here was success-
fully applied to analysis of anions and cations in
rain- and river-water samples.

2. Experimental

2.1. Instruments

The ion chromatograph consisted of a Waters
(Milford, MA, USA) Model 600 programmable
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pump operated at a flow-rate of 1.2 ml/min, aWaters
column oven operated at 25°C, a Waters Model 431
conductimetric detector and a Rheodyne (Cotati, CA,
USA) Modd 77251 sample injector equipped with a
100-p! sample loop. An Autochro Win (Younglin,
South Korea) Data Module was employed for instru-
ment control, and for data collection and processing.

A Tosoh TSKgel OA-Pak A column (300X7.8
mm |.D.) packed with a carboxylated polyacylate
resin (particle size: 5 wm) in the H™ form was used
for the simultaneous separation of anions and cations
in ion-exclusion chromatography/CEC.

An Orion (Boston, MA, USA) Model 545 pH
meter was used for the measurement of pH of
environmental water samples.

2.2. Reagents

All reagents (except for methanol) were analytical-
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Fig. 1. Chromatogram of common inorganic anions and cations by elution with 5 mM tartaric acid/methanol—water (7.5:92.5). Conditions:
flow-rate; 1.2 ml min~*; column: TSKgel OA-Pak A, 300X7.8 mm I.D.; column temperature: 25°C; detection: conductivity; injection
volume: 100 pl; sample: mixture of 0.1 mM KNO,, NH,NO,, CaCl, and 0.05 mM Na,SO, and Mg SO,. Peks. 1=S0;", 2=Cl ",
3=NO;, 4=duent dip, 5=unknown, 6=Na*, 7=NH,, 8=K*, 9=Mg*", 10=Ca*".
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regent grade; methanol was HPLC grade. 18-Crown-
6 (1,4,7,10,13,16-hexaoxacyclooctadecane) was pur-
chased from Aldrich (Milwaukee, WI, USA) and
other reagents were purchased from Merck (Rahway,
NJ, USA).

Distilled deionized water was used for the prepara-
tion of eluents and standard solutions.

3. Results and discussion

3.1. Effect of 18-crown-6 in 5 mM tartaric acid/
methanol —water (7.5:92.5) eluent

As shown in Fig. 1, when using 5 mM tartaric
acid/ methanol—water (7.5:92.5) as eluent, the sepa-
ration of common inorganic anions and cations
(Na“, NH;, K*, Mg®" and Ca®") on the TSKgel
OA-Pak A column was moderate. Especialy, the
separation of monovalent cations was not satisfac-
tory. Further investigation was required for improve-
ment of peak resolution among monovalent cations.
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Since other researchers [3,4] had demonstrated the
ability of 18-crown-6 to improve cation separation,
various concentrations of the crown ether were added
to the 5 mM tartaric acid/ methanol—water (7.5:92.5)
eluent.

As shown in Fig. 2, with increase of the con-
centration of 18-crown-6 in the eluent, the retention
volume of NH, and K" increased and those of other
cations were almost same. The retention volume of
inorganic anions were not validated due to no
interaction between anions and 18-crown-6. Since
the order of the increase of the retention volumes for
the monovalent cations was Na'<NH, <K, the
peak resolution among these monovalent cations was
improved. Additionally, since the order was in
agreement with that predicted from stability con-
stants (log K,+=0.8, log Knny=1.23 and log
K+=2.03) [5], it is suggested that 18-crown-6 in
the eluent was adsorbed on the cation-exchange
stationary phase and then acted as a selective cation
exchanger.

As shown in Fig. 3, when using 5 mM tartaric
acid/6 mM 18-crown-6/methanol —water (7.5:92.5)
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Fig. 2. Effect of concentration of 18-crown-6 in 5 mM tartaric acid/methanol—water (7.5:92.5) eluent on retention volumes of common
inorganic anions and cations. Eluent: 0-10 mM 18-crown-6 in 5 mM tartaric acid/methanol—water (7.5:92.5). Symbols: >=S0%,
B=Cl, A=NO;, {\>=Na', B=NH;, A=K", O=Mg*", @=Ca’". Other chromatographic conditions as in Fig. 1.
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Fig. 3. Chromatogram of common inorganic anions and cations by elution with 5 mM tartaric acid/6 mM 18-crown-6/methanol —water

(7.5:92.5). Other chromatographic conditions as in Fig. 1.

as eluent, good simultaneous separation of these
anions and cations was achieved in 30 min.

3.2, Analytical performance parameters

Cadlibration graphs were obtained by plotting peak
area against the concentration of these anions and
cations. Linear calibration graphs (r>>0.99) were
obtained in the concentration ranges 0-0.8 mM for
anions and 0-0.4 mM for the cations. This calcula-
tion was the same in a previous paper [1].

The detection limits determined at a signal-to-
noise ratio of three were 0.25 uM (24 ppb) for
S027, 0.19 pM (6.7 ppb) for CI -, 0.30 WM (19 ppb)
for NO;, 0.36 wM (8.3 ppb) for Na*, 0.47 uM (8.5
ppb) for NH,, 0.69 uM (27 ppb) for K™, 0.35 puM
(8.5 ppb) for Mg®" and 0.46 wM (18 ppb) for Ca*".
These detection limits were reasonable for the de-

termination of these anions and cations in environ-
mental water.

3.3 Application to the analysis of rain and river
water

The ion-exclusion chromatography—CEC method
developed here was applied to the simultaneous
separation of major anions and cations cations (Na ",
NH;, K™, Mg®" and Ca*") in rain- and river-water
samples. The sample was analyzed after filtration
through a 0.45-pm membrane filter.

As shown in Fig. 4, the peak resolution among
analyte anions and cations was quite satisfactory.
This result indicated that the ion-exclusion chroma-
tography—CEC method developed here was very
useful for the accurate determination of these anions
and cations in rain and river water.
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Fig. 4. Chromatogram of (A) rain water (pH 6.33), (B) river water (pH 7.60) by elution with 5 mM tartaric acid/6 mM 18-crown-6/
methanol —water (7.5:92.5). (A) Peaks (concentration, mM): 1=S02~ (0.052), 2=Cl~ (0.101), 3=NO; (0.020), 4=eluent dip, 5=unknown,
6=Na" (0.094), 7=NH; (0.036), 8=K* (0.020), 9=Mg*" (0.008), 10=Ca’" (0.061). (B) Peaks (concentration, mM): 1=S0%" (0.718),
2=Cl~ (0.787), 3=NO, (0.245), 4=eluent dip, 5=unknown, 6=Na’ (1.490), 7=NH, (0.039), 8=K* (0.115), 9=Mg®" (0.248),
10=Ca’" (0.703). Chromatographic conditions as in Fig. 1.
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There is no contamination problem from the
membrane filter used in this study.
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