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Abstract

A rapid analytical method for inorganic anions has been developed using a laboratory—built CE system. The miniaturized CE system was con-
structed from a 10 cm uncoated fused—silica capillary, sample and electrolyte vials, a power supply instrument, two platinum electrodes, a ca-
pacitively coupled contactless conductivity detector (C'D), and a cool plate to keep at constant temperature of the C'D. Although hydrody-
namic and electrokinetic injection techniques have been widely used in CE, we employ a continuous sample introduction method. The proce-
dure is relatively simple and has the advantage that it does not require pressure control and vial exchange, so it is suitable for the miniaturized
CE system. Six anions (chloride, sulfate, nitrate, nitrite, fluoride, phosphate) were successfully separated and detected at sub—ppm levels
within 80 seconds using a 9 mM histidine (His)/15 mM malic acid aqueous buffer solution (pH 3.6) containing 50 mM N-dodecyl-N,N-di-
methyl-3—ammonio—1-propanesulfonate (DDAPS). The RSD values for six replicate injections of a mixed standard solution were found to
be in the ranges of 0.76-2.81% for migration times and 0.77-8.55% for peak areas, respectively. The developed method was applied for the
analysis of inorganic anions in tap water, river water, mineral water, orange juice, and vegetable juice. These results indicate that the miniatur-

ized CE~C'D system is suitable for the rapid analysis of inorganic anions in various samples.

Keywords: capillary electrophoresis, capacitively coupled contactless conductivity detector (C'D), miniaturized system, inorganic anion,

water, juice
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Figure 1. Photographs of a laboratory—built CE-C'D system and schematic diagram of C'D with the
axial electrode arrangement. a: platinum electrode, b: outlet vial, c: C'D sensor, d: inlet vial, e: CE
capillary, f: cool plate, g: tube fitting, h: working electrode, i: pick—up electrode, j: high voltage AC

waveform.
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Figure 2. Schematic diagram of CE-C'D analysis using a continuous sample introduction
method. (2) A sample/buffer solution is prepared by mixing equal amounts of the buffer solu-
tion with concentration twice (2 X running buffer) and an aqueous sample, and both ends of a
capillary are inserted into the vials after filling the capillary with a running buffer (1 X run-
ning buffer), (b) platinum electrodes are inserted in the vials, and a high electric voltage of 3
kV is applied, (c) the anionic analytes migrate toward the anode based on their electropho-
retic mobility, (d) a stepwise electropherogram is given due to the changes in conductivity.
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Table 1. List of background electrolyte used in the study.

Acid Base pH References
MES His 6.0~6.3 [3], [6], [19]
MES Bis—Tris 6.3~6.5 -
Glu His 5.2~54 [19]
Acetic acid His 3.8~4.4 [5], [6], [19]
Succinic acid His 3.5 -
Malic acid His 3.2~4.0 -
Asp EACA 4.0~4.2 [20]
Asp Bis—Tris propane  4.0~4.2 [20]
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Figure 3. CE-C'D analysis of standard anions using a continuous
sample introduction method. (a) Raw electropherogram obtained
from the detector, (b) differentiated electropherogram. Individual
peaks were identified as follows: a: chloride, b: sulfate, c: nitrate,
d: nitrite, e: fluoride, f: phosphate. Conditions: CE capillary, 25 wm
i.d. and 10 cm total length (7 cm length to detector); running
buffer, 9 mM His/15 mM malic acid at pH 3.6; applied voltage, —3
kV; sample concentrations in inlet vial, 5 ppm of each anion except
for phosphate (25 ppm).
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Table 2. List of background electrolyte at different pH values.

pH His(mM) Malic acid (mM) Ion strength” (mEgq/L)
32 9.0 26.65 11.35
34 9.0 19.25 10.65
3.6 9.0 14.85 10.27
3.8 9.0 12.05 10.13
4.0 9.0 10.20 10.17

" The values are calculated by PeakMaster 5.3
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Figure 4. A representative differentiated electropherogram show-
ing successful separation of six anions. Running buffer, 9 mM His/
15 mM malic acid containing 50 mM DDAPS at pH 3.6. Individual
peaks were identified as follows: a: chloride, b: sulfate, c: nitrate,
d: nitrite, e: fluoride, f: phosphate. Other conditions are the same as
in Figure 3.

LA > ) VA F ¥ L DEESEEICIZES T, pH DS
3.4 ECRESEEER Lze —, pHD3.6& D K&K
HBIZONT, U VA F DY — 7 E2HhMAT B EH
BOONTze FRTHOGHRKAKRE L, o) VBRA
YOY = EEDWIINER ST ENS, KBIERO
pH33.6& L7z 6 & 5e4rE L7245 R % Figure 4 1R
¥

3.2 TEHE & ST RS

KB & L C50mM DDAPS % %% 9 mM His/15mM 1) ~
TR (pH3.6) & HIVy, MERRRE A o o BEHEGURL % v
T AEOHEME & 53 B % 574l L 72, Figure 5 & Table
SICHERZRT . KB OREIFEE OB (%RSD) 1.
§9EE A + ¥ D0.76~1.88%I2xF L C. BREEA + ¥ 452,04~
2.81% & <. ZD7#IZ DDAPS & OMHEAEHIENT % b
DEHERML TV 5B, MEROMEE &R EREEREZ HWTH
H L7280 o B RS (limit of detection, LOD) 120. 05~
2.12ppm T, HifEEA F v &) VEEA F ViE, Lo A F
WCHARTHRIBEESRS D L. £72. 40 5 ppm DR
BERTY — 7 EOHEBMN (%RSD) &RKD7z7-0, E&
RPN W TR LR A 4+ =) VA 4 v O
Bk (%RSD) 1. ZNZN6.96%. 8.55% & 72 o720 T



Table 3. Validation results obtained from repetitive measurements
of anion standard solution (n=3) by continuous capillary electro-
phoresis with the miniaturized CE-C'D system. Conditions are
same as in Figure 4.

. Migration time Peak area LOD?
Anion
(%RSD) (%RSD) (ppm)
Chloride 2.04 1.58 0.52
Sulfate 2.81 1.13 0.05
Nitrate 2.45 0.77 0.15
Nitrite 0.76 6.96 2.12
Fluoride 1.88 3.34 0.13
Phosphate 1.08 8.55 1.90

1) Analyte concentration in inlet vial was 5 ppm.
2) LOD was calculated according to the following equation:
LOD = 3.3 X residual standard deviation/slope of calibration curve

Lald
4500 [ = 80360+ GORER
s R = 05050
& 300 |
=
=
L]
T T
D 1 £ i L
4] i ¥ 1 1
Loncanratan. ppm
(el
3000
y = 495002 + 50073
2 anen R = 090847
B
-
=
& 1000
D A '] i
il i 2 | 4
Concantratian, ppm
()
600
wo= B22EDs + 21,8858
g 2400 | R = 09997
n
ke
m
& 1200 F
|:| 1 i 1 1
'] I 2 | a4

Concentratan, ppm

CHROMATOGRAPHY, Vol.34 No.2 (2013)

TEICBI L Cid, iR A ik & VT b BTk Rase
57z,

3.3 M7 T r—av

CE-C'D OFERBGH L LT, KiK. K, I HF0
Trk—F— FLUITVa—X, LBOWNIIH¥XY 2 —-ADF
SHE AR Lz ZORE. AV TIFU T4 M5 —12L5
i, E e A E WD R HT LB T, Figure 6 278
TR A+ v\ GREEA L REEEA L ) VBA
v aMETE, B, Figure 6 (e) DIFE Y 2 — AL,
20fEFRTH AEARF L ¥ VY 2 — AN THALW A +
CREEA K ORENE L EEREHEAETIEIF Y YT
) —NEBEPICERRBILHESREZY), E—207u—F
LD U7z ZOFGH. BlEA A+ » LA 4~ & O
{7 b L. DDAPS @ & & #50mM A 570mM (2 # fin L ¢

(b
=00 ¥ = 60l H3x + 65 056
R’ = 1.00040
. L
[--]
5 200 |
=
=
=
L [
u i L 1 i i
0 1 2 1 £ b
Crancarts nlam, prm
[d)
o r
¥ = 34652 = - 35400
? oo F RY = .o 73
=
]
o apon
I-ll . . . J
a 3 10 15 20 25
Caonoentration, pom
(F)
2400
y = B0.738x + DE438
2 1800 | R = 0.8870
-
-
o 800 F
u 1 1 1 'l '}
K] B 10 15 20 5

Consatration, ppm

Figure 5. Calibration curves obtained with anion standard solutions:

(e) fluoride, (f) phosphate. Conditions are the same as in Figure 4.
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(a) chloride, (b) sulfate, (c) nitrate, (d) nitrite,
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Figure 6. Environmental and soft drink applications of CE-C’D analysis. Samples: (a) tap water in Osaka, (b) water
of Rokko River (Kobe), (c) a commercial mineral water, (d), a commercial orange juice (e) a commercial vegetable
juice. Conditions are same as in Figure 4 except that the concentration of DDAPS was 70 mM for the analysis of
vegetable juice. Peak identifications are the same as in Figure 4. The nitrate concentrations are calculated from the

calibration curve as given in Figure 5.
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