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Fig. 1 Typical electropherograms for oxoacid anions in the absence and presence of Na,SO,.
Sample: 1x10™* M anions. Migrating solutions: a) SmM citrate buffer (pH 3.2); b) SmM citrate
buffer (pH 3.2) + 30mM Na,SO,. CE conditions: applied voltage, 20kV; detection wavelength,
200nm; capillary room temperature, 30°C; injection period, 3s. Signal identifications: 1, NO,7; 2,
MnQ,; 3, BrO,7; 4, Cr0,”; 5, WO,™;, 6, MoO,”; 7, 1057, 8, NO,".
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RNBERR T 77 5 — L1325, BEROBEICE DRETE 24 F VRITOW AN
8% Table 1 10T, AFORUBEFRLOTWS VITATVBAAY, TEVTT VB
S F 2 HEDTRIETA7=0I101E, 7 TUBBEERENFE LW, ZOGREENTIY
R VY ax k=¥ VAN

B T DAY vF L TEREFRT AEBREREEZS SICM ST LD,
B EDREVAR ZEAT B HEE 2 ERANDHEERF L. &HEICBIT D5
HEESR (L OD) % Table 2 ICEEDTRY. MEHEARZ 60 % GEE ORI 20 ) 12
L7384 (Condition B) , EARRIDEIMTH IR L THlEH A > ORRHIBRELM E L7z,
F7- BEDFYESU—1L50 pm OXBELNE L TWRWLD, 12 mm OXEEER
T3 2B EHAT LI LK, HEEEIMTHG U iz KIga R RREE R BRI
7= (Condition C) . EKAIZHRHIPEFNE sub-ppb L)V ETRD, BEREE LT, &
Kro<whyS574— (HPLC) , AA>ra<x 57 4— (1C) LHBUTHE
&ir<, FNEIZAMICESERES/-. Condition C IZEDES5NALODIE, HEE
TlcF v E5 Y —BKIKENE TER S Nz DOHR TRHENTND.

Table 1 Oxoacid anions detected with various migrating buffers”

Migrating buffer”

Oxoacid anions phosphate glycine citrate monochloroacetate

CrO,”
MnO,”
WOo,>
MoO,>
VO,
NO,
NO,
BrO;,”
10,

1) Concentration of anions in sample solution: 1x10™* M. 2) Concentration: 10 mM, except for

OO0OO0OO0OO0OXxx0O0
O0O0O0OOXxXxDP>OO
OO0OO0OO0OXxXx0O000O0
OO0OO0O00Oxx0O0

citrate; citrate: 5 mM. Detection: O, good; A\, detected but less reproducible; X, not detected.
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Table 2 Limit of detection (LOD) for anions by the direct photometric methods obtained in this

study

Anions : Limit of detection / M"
Condition (A)? Condition (B)? Condition (C)?

Br 7.8x107 (620) 1.6x107 (13) 7.9x10” (0.63)
NO; 3.8x10°° (235) 1.4x107 (8.7) 3.2x10° (0.20)
I 4.6x107 (580) 1.2x107 (15) 5.9x10° (0.75)
MnO, 1.0x107° (1200) 2.0x107 (24) -
BrO; 3.1x107 (3900) 1.0x107° (130) 3.6x10% (4.6)
ReO, 1.3x107 (750) 2.6x1077 (65) 1.5x10% (3.8)
Cro* 1.1x107 (3300) 2.0x107 (23) 2.0x10°® (2.3)
10, 1.0x107° (1700) 2.6x107 (46) 1.6x10% (2.8)
H,AsO, 8.5x107° (12000) 3.7x10° (520) -

1) Values at S/N = 3. Values in parentheses are in ppb units. 2) Conditions (injection period,
capillary, migrating solution): (A), 3s, S0um capillary, 10mM phosphate buffer + 30mM Na,SO,;
(B), 60s, 50um capillary, 10mM phosphate buffer + 30mM Na,SO,; (D), 60s, 75um capillary with a
high sensitivity cell, 10mM phosphate buffer + 10mM Na,SO,.

3. 2 SIEREHNEROAFVEA S DEELMRE

AL w3 2 THREDRIRIC K 5 mBRER R DO BIRIRE RO A DS ZHEt Uiz
EEGID1DELT, BEAMMMBEZOZ/VEERT Y F 2 IEHDY 27 AT A F>
EEZITO/. ¥EEI Y F U JRPIIGEBLKROMICY B LA F D ER
ENSZEIZEENTRY, BEOHPLC, [ CTIRY VI AT UEA F  ZOEEIIME
OTEHLW., AR THREL-ZEREHP CEETIE, RB2FOFERANTOHTES
DT, FUTAT VAT OFEIREDH D ENTES. FHETIE, Y727
BeA A > ORIEICETS 50 T UBBERRERA W TR L. S5/t / o7z
75 & Fig. 2 VORT. 10°M LNIVDY VT AT A F 2 b TE, EHEICE
ETAH5ZEICHDTHRIILE Fig. 2b) . 728, AW-IyF U RFIcidy > 725
A F NEHWO, D THFEL TWD Z E o7z,
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Fig. 2 Electropherograms for highly concentrated sait solutions (samples: etching solutions). CE

conditions and migrating solution are the same as in Fig. 1 b). Sample (a) contains a larger amount
of WO, than sample (b). U: Unknown peak. Determination results for WO, (a), 1.4x107* M;
(b), 2.1x10° M.’

3. 3 BKPOEAF U EMEOHEENBIFEOR LLESREEE: CM—1D/SC
EDFIFE
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4) mRAWE. Fi=, BEEUREEICENUE, BT A LU OmERA A D e miR
FEICHEES DA A > OIFER LICET - EET 2 ZENFRETHD. JORIE, H
PLC, I CICHAmOTENZEMD 1DTH 5. kKRN SEEA 4% 281 -
LiEBE&OITL 7 ha7 o0/ 5 0% Fig 3 a) IRY. ZOFRHTIHE, &RAA>00
BEIARTEETH D T ENDND. (60T, WFWkE( 4 > 2af8MMe (CM—-1D) &
IC & D BEEEDR LRSS L. CM— [ DRENEELRWESEITE, &1+ 213
BB OBENETHEIT 57, CM— 1 DEENFET 2 &, Fig 4 [IRT KD ITHKEIFIT
A A ABEREMRL, AREIRZOBHETIKET 5L D185, CM— I DT,
FNETNDRA F > DA F A RERDEIGNEL S D THRAHEDUENFTES.
IR A F L E A A AR ERRTHCM— I DEEELT, TRITFIVT ED
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ULAF 2 (TBAY) , 14A811-ThS7 W07 M55 h > ([14]ane N,) 72 EE#Et
Uiz, Fz, EREFICKNKREICEFETSAZEICERL, 759> T—F)Uke (18-
257726 1 18C6 TR E) ZVKEBRRICIRIIL T K~2 57 > T —F)VE%E CM— 1 DIED
A4 2aHE LU THW. DL SEECM— 1 DiEZEDOHTIE, K'-18C6 5k
DEEITERS BIFIRABEIER SNz, Fig. 3b) ITRT LT, &RAFEAN—ZSA
CHBET AT EITRI L.
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Fig. 3 Electropherograms of inorganic minor anions in the absence and in the presence of 18-
crown-6 in the migrating solution by the CM-ID/SC method. CE conditions: applied voltage,
—10kV; detection wavelength, 200 nm; sample introduction, 3s at 50mbar, temperature, 30°C.
Migrating solution: (a) pH4.0 HCI + 100mM KCI; (b) pH4.0 HCl + 100mM KCI + 20mM 18-
crown-6. Sample solution: Sea water (1:10, sampled at Ushimado on August, 1998) spiked with
5x10° M inorganic anions.  Signal identifications: 1, Br7, 2, T, 3, NOy~, 4, NO,, 5, SCN".

Detector

EOF mmm

F AT

Migrating buffer Complex Sample  Migrating buffer
+ zZone zone +
CM-ID Reagent CM-ID Reagent

Fig. 4 Principle of counter migrating analyte derivatization method. ~Analyte: anion (X),; counter

migrating reagent : cation (M").
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B LA TS 2% MK BN TR DRI EN SN TV ST E W
V. A TIERERIIE S HFkEE (Fig. 4) Ohy 7V ST E VKRR, &
SRR DI A LW E DA - SNSRI TE 2 FEERRT 2 2 &N TE:
et 4 ACEI LTI, ABZS TR LT, HPLC, [CZnraxhysy
R HBEERE - BRI R EBT S T LASTE S,

HP C E Ok i~OER BT 251508, 257 AMENS, HP CEDOERED
SRR, RISLLEOEAES AT AOKE, BR TLTHLWAEE—R (CM
— 1D, CM—CDEZ) , HiLVkEREN#E (1D, CDRES) ORRICLOM
B GMEA RS OBRE - BEEMTE BERERTEE L TEATESH0
CHIETE, SBOEICHIREZEDIZNEEZ TS,

5. BEXH

FAfrEmsL

1. Toshio Takayanagi, Eiko Wada and Shoji Motomizu, “Direct Photometric Determination of
Tungstate Ion in the Etching Solutions by Capillary Zone Electrophoresis”, Anal. Sci., 14,
1181 (1998).

2. Andrei R. Timerbaev, Toshio Takayanagi and Shoji Motomizu, “Separation of inorganic
anions for analysis of sea-water by capillary zone electrophoresis”, Anal. Commun., 36, 139
(1999).

3. AKEZ, BUMER, "BEREF YY) —ERKENE LT DERATNDINA"
H#k#ses, Bl

-120-



10 12 3

Separation and Determination of Trace Ionic Substances in Sea Water and
Concentrated Electrolyte Solutions by Capi]lary 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 TAKAYANAGI, Dept. Chem., Fac. Sci, Okayama University

Summary

In the determination of trace amounts of various ions in concentrated electrolyte solutions, it
musit be noticed that the interference from matrices contained in samples at large amounts is usually
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, various fundamentals concerning the development of the analysis
and the speciation methods for trace ions in the concentrated electrolyte solutions were studied.

1. Highly sensitive detection method for oxoacid anions by capillary zone electrophoresis.

Peak shapes for oxoacid anions, as well as the detection sensitivity, were improved by stacking
the analyte ions at the beginning of the electrophoresis by adding electrolytes, such as sodium sulfate
etc., in the migrating solution. Analysis time was also shortened with such migrating solutions.
To improve the detection sensitivity, large volume sample injection technique and the use of Z-
shaped cell were also found to be very successful. The detection sensitivity reached down to sub-
ppb levels by the combined use of the stacking, large volume sample injection and Z-shaped
detection cell. |
2. Application of the proposed sensitive method to the determination of oxoacid anion.

The proposed sensitive determination method was applied to the determination of tungstate
ion in semiconductor etching solutions which were examples of a concentrated electrolyte solution.
Tungstate ion existing at 10~ M levels was preferably determined and its species was found to be
HWO,".

3. Novel separation and detection method for minor anions in sea water by CM-ID method
with various ion association reagent.

Separability of minor anions in sea water, such as Br™, I, NO;”, SCN™ and NO,", was improved
by adding CM-ID reagent in migrating solutions, which was attributed to the formation of ion
associate between the analyte anions and the CM-ID.reagent. Peak broadening was also

suppressed by diluting the sea water 10 fold with KCl at 100 mM in the migrating solution.
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