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Determination of trace metal impurities in nickel and iron salts using
2-(5-Nitro-2-pyridylazo)-5-( N-propyl-N-sulfopropyl-amino) phenol
by capillary zone electrophoresis
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2-(5-Nitro-2-pyridylazo)-5-( N-propyl-N-sulfopropylamino) phenol (Nitro-PAPS) was used for a
quantitative determination of ultratrace-level metal ions in commercially available metal salts by
capillary zone electrophoresis. At pH 7, Nitro-PAPS reacts with various metal ions to form
chelate compounds having large molar absorptivities. Although chelate formation is useful for
the highly sensitive detection of metal ions, the resolution of the metal complexes is poor at pH
7. Cetyltrimethylammonium bromide was added to suppress any electroosmotic flow. The
hydration of nitro groups of a chelating agent and chelates was controlled by the addition of
urea. Sodium sulfate was also utilized to sharpen the signals of metal chelates by a field-
enhanced stacking effect. As a result, the resolution was improved and the determination of
1077 M level metal ions was possible. The proposed method was applied to the analysis of metal
impurity at ultratrace levels in commercially available nickel and iron salts.

Keywords : capillary zone electrophoresis ; metal ions; 2-(5-nitro-2-pyridylazo)-5-( N-propyl-N-sul-

*Department of Chemistry, Faculty of Science, Okayama University, 3-1-1, Tsushimanaka, Okayama-shi,

fopropylamino)phenol ; nickel and iron salt; impurity analysis.

1 #

Fr U5 ) —BRKEE (CE) &, WEWEOFBED
TdDOFEREFHELE LT, 1979 4£12 Mikkers 5712 & D 48
&8Nz, B Jorgenson b, ¥IAXAF ¥+ 7V —%H
WA T I BEOSEE EITY, BlEEFYES Y -BR
EE (HPCE) & LTHEBENSL L) ICh o7z,

HPCE 2 H\WCT 7 /$8KY, 8% V) 7 —)VekEY, 4-
QY INTVILY VY —)b (PAR) #4774 LIk
LERA T VOGBSI EN TV, ERICEHL T

]

* RSB R 700-8530 RILERILTHEST 3-
1-1

HEVFHINTVERY, THIZBBEEMEL, /¢
— 7 BROBHRENE VR EOEICERTL N EELD
na., BEORKRIIBREOH ZRBEEAZIT) 2 &,
FrET)—DOREZ-EICROILICLVERTE S,
/2, ERBAFT VOREZHNLETHHEEORKREDH L
3, REZENVBEBREZETHLFL— VAEZFIHT S
CEIEDTREE L. AKDLIX, FEFL-NAELH
WEREBAF YOBREBRBEICOWTHEL TS,
21X, EDTA RUZDEBRKY?, 2= buav-1-+7 b —
W4-ZNVEVE (= P Y-NWE)Y, 2-(5-7 0 E2-¥Y
IV )5(N-TOBEN-NAVETBENT I )T/
—JV (Bromo-PAPS)? J U 2-(5-= h @-2-¥' ) Y VT V)5



792 BUNSEKI
(N-7BENV-N-ANEKFTOENVT I )72/ — ) (Nitro-
PAPS)'” %535 5. 75T Nitro-PAPS % 72557
T, v pH i (pH~4) TFe®', Co*', Ni*',
cu’’, Zn*', Ccd*’, PP O THOERA F VA HET RE
Thot. LoL, pHPBPSTHIIONRTE - FIH
WAL, KBECORE, EESEEICE-72. AFET
X, Nitro-PAPS ZH V2 &RB A+ VY OGH L EREIZDOW
TR MR 21T, BREERDOLOOERELY
L7z,

2 % B

2-1 ® ¥

¥ L — PRI L L T Nitro-PAPS (AL 84K 2
AEKCERLTI0 M BRERABL, FNL AN
BALEF U FY XAFNT VEZT A (CTABr) FIRFE
WE (107°M), RE 6M), HEFIFY YA (01M) i
FAEMBEHDODOZH, ZHZENCTABr iz 107° M, R
FixoM, BHEEF M) AIZ0IMBREAREL, LE
WU THRLTHV 2, pHEEHRE LT0.1 MEERRE
O.IMEEEEF LU T A, HE5VWIE0IMY YBKEHY
TAEO0IMY YBAEZF MUY AOREGERE MV
2. &BAF VERERE VY, F&T, Co*T, NitT, cu?,
Zn**, Cd®", Pb*Y) i, WHUFROSREIELY &R
DOEBZELBEKICER LTI MBEREZREL, &
BB U THRLUCTHW 2, KIS, 1.2x107°M D
Nitro-PAPS & 20 mM ® pH #& i & &Lz v, o
MW EDDODORIEEL LT CTABr, Na,SO;, REZHO
7z,

2:2 & B

CE %1 Z Hewlett Packard 8 °CE Z Hiw/z. ¥ ¥
Y —iZ, WEBOum, YHMESD um ODBEMI ) A F v ¥ 5
V—%Hw, HHE (Lp) 40cm, &8 (Lp) 485cm @
b (FHE) 2Bz, 57— WEI ChemStation ([F]
HE) KX T, E—-28E, -, BERKEE
B A RD 7.

2.3 B 1E

W EFBGERTICMEE I L D kBl E 2 7B L F v ¥
S —PUCIKBIEZ W72 L7z, 208k, REERz v ¢
S —IZEAL. %Rﬂtif‘%@ﬂﬂﬁ*%bmﬁfb:l D5%
B (250 mbars) AL, EBEFRMYOEROBEIZIE,
20 ¥[8 (1000 mbars) EA L7z, 20, 20 Xi 25 kv
DBEEZEIML CEKRKE 82T, BHEMIZT570
nm CHEHRHE L7, #lEdh, FvE¥5 1y —1id35C 1of
o7, ABRBEIZEREA F VEEBERIIRBEREIC
Nitro-PAPS i, pH REWZ RN L TRISS €288, L

KAGAKU Vol. 51 (2002)
FOABUM DAY TSI T74 NV —CFRLAEZbDOEH

Wiz,
3 MRKRUEBE

3-1 Bl KR

Nitro-PAPS 3% ODBBERBA + v L BERERA +
VEEEL, FOFL—FDIZE A LD 520~ 600 nm 2
TP AZRT. SHERE LE&BA 4 vid, V7, Fe*7,
Co®", Ni*", cu®’, zn®", cd’", PO T, REDONY ¥
759 FRIAVRNE L, £ DF L — M RIUERWE R
ZHT5 570 nm ZREBEEEL L.

3+2 KEYED pH DEE

BLIRER (EOF) OFEELLEBFL — FOBRRKRGE
BEE, pH7UETIRIZLAL—ET, pH7UTTIRY
HLHLELIINEL D, ThEV T ) —NVEOHBEDOE
Br, £BXL— FOLGEREENKEL 2520 TH
5.

Fig. 1iZpH45 (A) £ 70 (B) IZBFSTL 7 bu7y
=85 LERT. (A) T, PV LUNOERAF Vi
Eix B) OREO22ELETHY, B) 2B THBEK
ERBI P55, ZMiOERBRA L+ "o —
FEA I ¥ MRS (M*: &) A %+ ¥, R*: Nitro-PAPS)
ELTHEL TS pH HB T, ZhZhoBEBRKEHB
BIEEICIZEVANIZ L A ER WA, Co$ifkix, IO 1fH
DERA I ¥ ORESTHB. ThiZ, $EERICBITSD
2NV OBALIREEA + ZMT, FL— FATCoMRy £ LT
FELTWwAIEEZRLTWS. Fe', Ni', Co"oFL
— FMOREEZHIIFEEIIREVDT, ThoDBRIKE)
BEIEIX pH OXEEZH TV ZT RV, —F, Cu', Zn",
cd", P OREEERIIZNIEILRELL ZVOT, pH
DETIHE > TREIBOERBA & V258, R#NF Eo
BRABBEHENRBI L, ThPhoOE&RA 4 ¥ OBRK

CEIBBIEIEVWDSLE L L0, SHATREICE TS

{Fig. 1(A)}. ABFETIE, MBEERNZHNELT, %
ELRSERE R T % pHHEB (pH7) T, SHEiEOMN
LD DNA B LHEAROERIZOWTHET L 7.

33 VAWABHEEMERICLZEEXL— FOSEHR
REERFR R A 4 VSRS % kB iminy
% L, IEVRAF UVEAEEKEFL- L OMBEERICK
LERKEBBEOLEL, FrET ) —HNE~OREEIZ X
> BRBEROWH 2 EORAPREL, SHICRRENT
HHIETHEINTWAS, RIFFETIE, EOF HH D%
RV CEDLRALLFVIPYRAF LT VEZT A
(CTABr) &, AHBISOHIE;HFTEREZRML,
FUL— AT VOSBENRERE L2, 72, NaSO.



B X
[
o
o
©
£
o
[
o
<
[l 1 1 ]
2 4 6 8 10
Migration time / min
2,5,6,7
(B)
[}
o
C
]
£
o]
1]
o]
< o ddd
L L 1 ]
2 4 6 8 10
Migration time / min
Fig. 1 Electropherograms for 8 metal ions at pH

4.5(A) and 7.0(B)

Migrating solution: (A) 2.4 X 107* M acetate buffer
(pH 4.5) + 1.2 X 10™* M Nitro-PAPS; (B) 2.4 X 107*M
phosphate buffer (pH 7.0) + 2 X 10" * M Nitro-PAPS.
CE conditions: applied voltage, 25 kV; detection wave-
length, 570 nm ; capillary temperature, 35T ; injection
period, 5s (250 mbars). Peaks: 1, v 9 Fe™: 3,
Co"; 4, cu"™; 5, Zn"; 6, Ni"; 7, Pb"; 8, Cd"; 9, Nitro-
PAPS; 10, EOF. Sample: (A), 1.0 X 10 °M V™, Fe,
Co™, cu", zn", Ni", 5.0 X 107° M Pb", 1.0 X 107™* M
Cd"+ 5.0% 10" *M Nitro-PAPS + 10° °M acetate
buffer (pH 4.5); (B), 5.0 X 10" ° M V", Fe"', Co™, Cu",
Zn", Ni', 5.0 X 107°M Pb", 3.0 X 10° M Cd"; 3.0 x
10"* M Nitro-PAPS + 107° M phosphate buffer (pH
7.0)
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Fig. 2 Electropherogram for 8 metal ions by stan-
dard procedure

Sample solution: metal ions + 3.0 X 10”* M Nitro-
PAPS + 10™° M phosphate buffer. Migrating solution:
2.4 X 10"* M phosphate buffer + 1.2 X 10" * M Nitro-
PAPS + 1.0 X 10"°M CTABr + 3 M urea + 1.0 X 107%
M NagSO,. Other conditions are the same as in Fig.
1 (B).
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Fig. 3 Changes migrating time with effective reagents

Sample solution: metal ions + 3.0 X 10”* M Nitro-
PAPS. Migrating solution: (A) no addition, (B)
1.0 X 107° M CTABr, (C) 3M urea, (D) 1.0X107°M
CTAB + 3 M Urea. Other conditions are the same as
in Fig. 1 (B).
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Fig. 4 Electropherograms for analysis of iron salts

Sample solution: 3.0 X 10" * M iron salt {(A), FeSO4*
7TH:O; (B), Fez(SO4)s-5H,0}+ 9.0 X 10™* M Nitro-
PAPS + 10”° M phosphate buffer. Migrating solution :
1.0 X 10"* M phosphate buffer (pH 7.0) + 1.2 X 10™*
M Nitro-PAPS + 1.0 X 10"°M CTABr + 3 M urea +
1.0 X 10" *M NaySOs.  CE conditions: applied volt-
age, 20 kV; detection wavelength, 570 nm; capillary
temperature, 35C; injection time, 20 s
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Fig. 5 FElectropherograms for analysis of nickel salt

Sample solution: 3.0 X 10™* M nickel salt {(A), NiCly*
6H:0; (B), NiSO4*6H:0} + 9.0 X 10™* M Nitro-PAPS +
Migrating solu-

107" M phosphate buffer (pH 7.0).
tion and other conditions are the same as in Fig. 4.

Table 1 Determination of metal impurities in analyt-
ical reagent-grade metal salts”

Cobalt/107 "M Copper/10”'M

Salt

(content, %) (content, %)
NiCly* 6H0 4.02 (0.033) 2.98 (0.027)
NiSO,* 6H,O 3.40 (0.024) 1.09 (0.0089)
FeSO, 5H,O 3.16 (0.014) 1.93 (0.0093)
Fes(SO4)s* 5H.O ® 3.70 (0.028)

a) Conditions are the same as in Fig. 5; b) Not detected.
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