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Fig. 1 Comparison of anion separations on EIC using
different separation columns

Separation column : (A) = CHAPS-modified silica Cis,
(B) = CHAPS-modified silica Cs, (C) = silica-HILIC ;
eluent : water ; flow rate: 0.6 mL min " ; Standard
sample concentration: 1 mM ; and peaks: 1=
NaoSO, 2 =NaCl, 3 = NaNOs;, 4 =Nal and 5 =
NaClO,
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Fig. 2 EIC separation of common anions on a sil-
ica-C;g column by elution with water

Ton-pairing form : Li -anion ; and peaks: 1 =SO,*,
2=Cl ,3=NO; ,4=1 and 5=ClO; . The other
chromatographic conditions are the same as in Fig. 1.
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Fig. 3 EIC separation of common cations on a sil-
ica-Cy5 column by elution with water

Standard sample concentration : 1 mM (Cation-Cl );
and peaks : 1 = monovalent cations (Li", Na*, K and
NH, ") and 2 = divalent cations (Mg2+ and Ca*")
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Fig. 4 EIC separation of common anions using a
CHAPS modified silica-C;5 column with pre-column

Pre-column : TSKgel SP-5PW (Li -form : 2.0 mm
i.d. X7.5 cm); Eluent: Water (0.2 mL min ");
Standard sample concentration : 1 mM as H-anions ;
and peaks: 1 =S0,7,2=Cl,3=NO; ,4=1 and
5=ClO,
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Table 1 Analytical performance for common anions
of EIC with CHAPS-modified silica C,5 col-
umn, in range of 0.1 ~1.0 mM under opti-
mized chromatographic conditions
Linearit Detection RSD of peak
Anions ) ¥ limit¥ /uM areas”, %
(S/N=3) (n =10)
SO,*" 0.9960 0.17 0.20
Cl™ 0.9901 0.68 0.27
NO; 0.9928 0.45 0.46
I 0.9934 0.60 1.38
ClO,~ 0.9879 1.05 2.45

Pre-column : a strongly cation-exchange resin in the Li"-form.
The other experimental conditions are the same as in Fig. 1.
a) Detection limits and relative standard deviations (RSD) of
peak area for anions were obtained by injecting 0.5 mM for each
sample.
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3-4-3 KEHBAOIEA  F/ABTIIKOKEE
HIZBIT 5 ICOHF AR, e ZnsBo@sz@El T
FIHEXNTWBY W, 22T, A /RRTT KT O
KRR A F > 05 EEEHINEH L7z,

B ON SRR, Fig. 5IRT X1, H/NERTT
JIAKHZ1E SO, €17, NO;” K UNHCO; /COs> DSFFRAE
THIEERLE ZoEE, SO, G HIUNO, 3%
NENE S BERR R ¥ — 2 2R L7225, HCO, /CO;, DY
— 7 MRS EERE CIRRE R DD TH o 72, 2, LiTHE
e T BT & o TRNDEMEEDMR LiCOy 1IZE R E
7272012, BEEMICEIME SN oL TFHENS. 72
2L, HCO; /CO;" I 3BREKDET BiRMHEDTEIE & L
TEETHLIL, T/, APFNCEBRICBI2EE
RIS RFZDOMIBETH B L R ED S, SHROME S
Thhrtilbhs,

—7, a4 4 v O EIC # KERB~NEHT 572012, &
A% YD EIC LRKRIZ T Y B-Cs 58BED 5 2 & KIEEER %
v, 5D T AOBERICEES T 4 (GRIEEREREA + ~
LWIR A Z 40 QIR ZBELES 5BV TRE L7
ZORAE, Fig. 5IIRT LIS, Bz 1AM 2 ik A
F YEOMBGEENE SR, kD, 24 A D
C— 0O BERKENST A= —ThHHHE (Mg &
Ca® OER) DHHEICEHITE 2 2 L2555 5.

% =:
4 Kk Rl

VLo X912, CHAPS W3 B L7232 ) #-Cis B T &
EOKTBBERE 2 W 28BS EIC 1, fi4e oA 4+ %W
B, FRICBEA AV oRIREERT 2 TTREIC L, KR
WKDOKEE=%) Y TIZAEMGIENRHLNE o T,

KAGAKU Vol. 58 (2009)
40
(A)
2
1 4
_ 3
£ 0
Q
) 1
= 0 10 20
2z
=
§ 40
= B) 1
[=]
8]
2
0
1
0 5 10
Time / min

Fig. 5 EIC determination of common anions (A) and
cations (B) in practical samples under the optimized
chromatographic conditions

Pre-column : (A) strongly acidic cation-exchange resin
in the Li"-form (TSKgel SP-5PW, 50 mm X 4.6 mm
i.d.); and (B) strongly basic anion-exchange resin in
the Cl -form (TSKgel SAX, 50 mm X 4.6 mm i.d.).
Injected sample : Kurose river water at pH 8.1 ; Peaks :
(A) 1=S0,"" (0.01 mM), 2=Cl" (0.84 mM), 3 =
NO;~ (0.02 mM) and 4 = HCO; /COs*" (0.34 mM);
and (B): 1 = monovalent cations, 2 = divalent cations ;
The other chromatographic conditions are the same as
in Fig. 4.
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Electrostatic ion chromatography (EIC) of anions and cations with water eluent has been inves-
tigated for the development of water-monitoring systems in developing countries, which have the
nature of simple, lower running cost, and non-chemical waste. For selecting the separation col-
umn, sulfobetaine-type zwitterionic surfactant (CHAPS)-modified silica C;s and silica Cs, col-
umns, and a zwitterionic stationary phased column HILIC were compared for anion separations.
The retention order of the analyte anions was SO <l <NO, <1 <C(ClO, without regard
to the types of the columns, depending on the nature of EIC separation. However, the resolu-
tions were different, because the anion separations by EIC were strongly affected by the hydro-
phobicity of the stationary phase. As a result, the CHAPS-modified silica C;5 column was the
most suitable as a separation column in EIC in terms of the peak resolution and the retention
time. In contrast, cation separations using the CHAPS-modified silica C;s column with a water
eluent were in the order of monovalent cations (Li+, Na", K" and NH4+) < divalent cations
(Mg®" and Ca®"). This fact means that the sulfobetain-type zwitterionic stationary phase has

much higher selectivity for anions than for cations.

Moreover, a pre-column (cation-exchange

resin in the Li*-form for anion separations, and anion-exchange resin in the Cl” -form for cation
separations) was connected in tandem before the separation column, in order to make uniform
the counter ion for analyte ions and to apply this method to real water samples. Under the
optimized conditions, the linearity of the calibration graph, the detection limit, and the repro-
ducibility for the common anions were tested, and satisfactory results was obtained for all com-
mon anions. The potentiality of EIC was demonstrated in practical applications to the determi-
nation of common anions (SO,> ", CI_, NO;  and HCO; ) and hardness in river water.

Keywords : electrostatic ion chromatography ; ion-pairing ; CHAPS ; water eluent ; river water.



