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Fig. 1  Chelating reagents used in this study. PDTA and NDTA 'were newly
synthesized in this study.
Table 1  Electrophoretic mobility of the complexes
-1 /10 cm’ Vs
Metalion ~ EDTA  CyDTA PDTA NDTA  GEDTA  DTPA
Mg** 3.39 3.17 3.55 - - 4.25
Ca** 3.19 3.09 3.39 - 3.34 4.33
Sr*t 3.18 3.07 3.39 - 3.19 4.27
Bt 313 304 288 - 306 __ 428
Mn** 3.86 3.43 3.59 3.50 3.27 4.30
Fe'* 4.00 2.31 3.28 - - 3.60
Co* 4.02 3.56 3.73 3.75 3.50 -
Ni** 4.02 3.61 3.63 3.70 - -
Cu** 4.11 3.66 3.8 3.77 - -
Zn** 4.04 3.62 3.74 3.71 - -
pd* 4.00 3.63 3.78 3.63 3.53 -
Ca** 3.75 3.40 3.57 3.42 3.32 4.39
Hg™* 3.84 3.45 3.63 - 3.33 4.43
Pb** 3.95 3.61 3.75 - 3.33 4.35

CyDTA ZHW/z&RE+1L — MO Lo/ bO 705 5 L% Fig 21259, 7IVAY
THESERAT D, EBEEBEA A EORIFICHEEL TW5S. Table 2 ICAER AW
K, Y&, WK, KEKF O Ca®, Mg DEBRKEEZTT. WINOREELHWT
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Fig. 2 Electropherograms of CyDTA chelates. Sample: 4%10™ M metal ions and 2x107° M
CyDTA. Migrating solution: 0.02 M borax + 1x10~ M CyDTA + 5% ethylene glycol (pH
8.6)

Table 2 Analytical results of practical samples
EDTA CyDTA PDTA Ref.

Sample Ca2* Mg2+ Ca’* Mg2+ Ca** Mg2+ Ca?* Mg2+
Tap water peak area 1.98 0.78 1.76 0.58 1.80+0.05 0.63£0.02 1.91 0.69
.__(’£1_0L4_I\_’D___Psé&@&h_t__1@.’5__0-_7_2__l~_8.2._9-_6_8__1_-22_%0_-9_3_9-_3229_91___' _______
Asahi River  peak area 1.92 0.70 1.67 0.56 1.90+0.06 0.69+0.02 1.83 0.65
_(x10™ M) _ peakhight_183 0.66 _167_0.63 2.16£0.04 0.00£0.02 ________
Human serum peak area 222 097 - 1.00 2.32+0.05 0.62+0.04 2.2- 0.7-
_(x10°M) _peakhight 1.75 084 - 100 2.58+0.03 0.86£002 2.5 0.9

Sea water peak area 1.00 5.03 1.04 4.80 0.96%£0.02 5.30+0.05 0.89 4.95
(x102M) peak hight 1.00 5.01 1.08 5.01 0.90+0.02 4.7440.08
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Fig. 3 Chelating reagents examined in this study.
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FERDHIEHAHEETHD. Cott ssg 6.7 9.7
5-Br-PAPS ZF L — M L Ni2* 558 13.7 12.0
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%@U{y&%'li%& Table 3 129 . ¥ 7n?* 551 13.3 13.2
7=, Tl hOo 7Ol Ihn pa B 29
#l% Fig. 4 a lZRY . KENROD ca* 515 10.0 8.6
pH, F¥E¥5 ) —DiRE, EA Hg* 556 7.0 6.9
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WERSL, DBt - EEORE * Apparent molar absorptivity, 10° m” mol™.

(a) 7
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| | 1
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Migration time / min
Fig. 4 Electropherograms of metal chelates with 5-Br-PAPS. Capillary: (a), normal
capillary (75 pm i.d.); (b), high sensitivity capillary. ~Sample: (a) 2x10° M Cd*, 1x10° M
Cu?*, 1x107° M Zn*, 3x10° M Fe?*, 3x10° M Co™, 3x10° M Ni**, and 1.5x10™* M 5-Br-
PAPS; (b), 20-fold diluted sample of (a). Migrating solution: 1x107° M 5-Br-PAPS + 8x107
M acetate buffer (pH 4.9). 1, Cd*'; 2, Zn™; 3, Cu™; 4, Co*"; 5, 5-Br-PAPS; 6, Ni**; and 7,
Fe®*. '
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Fig. 5 Electropherogram for six metal chelates with IN27036S. Sample solution: 6 kinds
of 5x107° M cations + 1x107> M BES buffer (pH 7.0) + 1x10° M IN27036S. Migrating
solution: 1x10* M phosphate buffer (pH 7.0) + 5x10™* M IN27036S. CE conditions:
applied voltage, 20kV; capillary temperature, 35°C; detection wavelength, 400 nm; injection
period, 3 s (about 9 nl).
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Fig. 6 Typical electropherogram of anions. Sample contains 9 kinds of 8x10~> M anions.
CE conditions: applied voltage, 15kV; capillary temperature, 30°C; detection wavelength, 230
nm; injection period, 3 sec (about 9 nl). 1, Br; 2, CI'; 3, NO;7; 4, s0,*; 5, Clo,~; 6, C,0,7; 7,
F; 8, HPO,”; 9, HCO,". Signals essentially emerge as negative peaks; they were electrically

inversed.
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Fig. 7 Detection of 4x10® M anions by large volume sample stacking obtained by an
apparatus of HP *°CE. with a high sensitivity capillary. ~Sample: 4x10® M anions. Migrating
solution: 10 mM phosphate buffer (pH 3.2) + 10 mM Na,SO,. CE conditions: applied
voltage, 20 kV; detection wavelength, 200 nm; capillary room temperature, 35°C; injection
period, 60 sec.  Signal identifications: 1, Br7; 2; NO,™; 3, BrO,™ and VO, (overlapped); 4,
ReO,; 5, CrO,”, 6, I0;.
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3. Tao Wan, Mitsuko Oshima and Shoji Motomizu, ~Separation and Determination of Metal
Tons with Nitrosophenol Derivatives by High-Performance Capillary Electrophoresis,

7th Beijing Conference and Exhibition on Instrumental Analysis.
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Separation and Determination of Trace Ionic Substances in Sea Water and Concentrated
Electrolyte Solutions by Capillary Electrophoresis and Its Application to Speciation of
Substances

Shoji, MOTOMIZU, Dept. Chem., Fac. Sci, Okayama University

Mitsuko OSHIMA, Dept. Chem., Fac. Sci, Okayama University

Toshio TAKAYANAGTI, Dept. Chem., Fac. S_ci, Okayama University

In the determination of trace amounts of various ions in concentrated electrolyte solutions,
it must be noticed that the interferences from matrices contained in samples at large amounts are
very serious.  The separation efficiency in capillary electrophoresis is excellent, compared with
the conventional methods used so far; therefore no pretreatment is required before analyzing
such sample solutions. In this study, fundamentals for developing the analysis and the
speciation methods for trace ions in the concentrated electrolyte solutions were studied.

1. Separation and determination of metal ions with EDTA analogues: Ethylenediamine-

tetraacetic acid (EDTA) reacts with various metal ions to form negatively charged complexes.

The electrophoretic mobility of the complexes becomes smaller and UV-absorption is improved.

In this study, some EDTA analogues possessing aromatic moiety were synthesized and used for
the determination of Mg** and Ca®* in sea water, serum, and tap water samples. Detection and
determination of Mn>*, Fe**, Co**, Ni**, Cu®*, Zn®*, etc. was also achieved.

2. Separation and determination of metal ions with pyridylazo compounds and nitrosonaphthol
compounds: Pyridylazo compounds react with various metal ions to form anionic chelates

possessing strong visible-absorption. The separation properties can also be controlled and
improved by utilizing the stability of the chelates. In this study, 5-bromo-2-pyridylazo-4-(N-

propyl-N-sulfopropyl)-aminophenol, as well as 5-nitro- analogue, was investigated, and the
separation and determination of V", Fe?*, Co™, Ni**, Cu®*, Zn*, Cd*, Pd*, and Hg** were
achieved within 7 min. The determination of Fe**, Co*, Ni**, and Cu*, as well as the
analysis of the reaction mechanism, was also achieved using six kinds of nitrosonaphthols.

3. Analysis and speciation of inorganic aniong by indirect photometric method: Even the less

photo-absorptive ion can be detected sensitively by using an indirect photometry. In this study,
Br, CI', NO;~, SO,*, CIO,", C,0,>, F~, HPO,>", HCO,™ were determined with UV-absorbing

organic reagents and a polymer coated capillary. Inorganic anions in various water samples

were determined by the proposed method.

4. Analysis and speciation of oxoacid and halide anions by direct photometric method: 1In the
indirect method, the background absorbance is high, which causes serious baseline noise,

whereas less photo-absorbing migrating solution reduces the noise. The direct method was

applied to oxoacid anions, and highly sensitive detection was performed with the detection

limits of about 10 M lévels, coupled with a useful technique of large volume sample stacking.
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