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Flow Injection Analysis of Metal ions by using Metal Buffer Solution

Containing Metal Indicator
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Spectrophotometric and fluorimetric determinations of metal ions, based
on metal ion buffers are described. A zinc ion buffer consisted of
nitrilotriacetic acid (NTA) containing xylenol orange or 8-hydroxy-
guinoline-5-sulfonic acid was employed for determination of zinc and some
other metal ions spectrophotometrically or fluorimetrically. A lanthanunm
ion buffer consisted of ethylenediaminetetraacetic acid (EDTA) containing
arsenazo I was used for determination of lanthanum spectrophotometrically.
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Fig. 1 Flow sytem using. metal buffer solution and metal color 1nd1cator
. ML-L: metal complex and free ligand
MIn-In: indicator in metal- complex and free form
D: detector, W: waste
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Ch = Cn + Cny + Cuia (4)
CI = CL + CHL (5)
C}n = Cin + Chyn (6)
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Fig. 2 Relationship between concentration of metal injected and that of
metal-indicator complex

Lines are calculated from Eq. (7), (2)' and (6) using following values.
(a) Effect of stability constants of metal-ligand and metal-indicator
complexes. C,' =5 x 102 M, C,,7 2 x 10°%5 M,
(l)i KoL = 10%, Knin = 107 (2); . 108, Kxin 107
(3); Kno = 107, Kija = 107 (4); Kue = 10%, Knin = 107
(b) Effect of concentration of ligand in buffer solution.
Knie = 107, Kniw = 107, C17 = 2 x 1075 M
(1); CL" =5 x 1073 M (2); CL¥ =1x10°2 M (3); C." =5 x 10-2 M
(¢} Effect of concentration of indicator in buffer solution.
Kae = 107, Knin = 107, C.7 =65 x 1072 M
(D); Ca® =2 x 10°% M (2); Cin? =2 x10°% M (3); Ci¥ =2 x 10°% M

[
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Table 1. Stability constants of NTA complexes with metals

and transition points of oxylenol orange (X0)®’

pH
4.5 5.0 5.5 6.0
metal
PKza-nva 5.7 6.2 6.7 7.2
Zn?* .
pzntrans 4-8 5»7 6-5 7-3
Kea- 4. . . .
cder PRca-nr1a 8 5.3 5.8 6.3
pCdlrans 40 45 50 55
Ppz PRpv-n1a 6.0 7.Q 7.5 ‘8.0
Ppbtrans 62 70 76 82
~a) Taken from Ref (5)
(@) (b) 5.0 x 107 M Zn(NO3)z
4.0/ < 10 min—=
2.0.x 107°M X0
[1.0 x 1072M NTA (pH 5.75)
0.00[T+50 x 1073M Za(NO)2 T
: 2
= 578 E
ogo| | HP m ©
mi/minl l
T
ano
(100u1)

Fig. 3 Flow diagram for determination of z2inc (a) and calibration
peaks for zinc (b).
Coil length and diameter: S-P 50 cm x 0.5 nm 1.4
P-D 200 em x 0.5 mm i.d.
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Flg 4 Effect of pH of the zinc ion buffer solution. (rlght)
Flow system is the same as that in Fig. 3 except for pH of
the buffer solution.

Fig. 5 Calibration curves for several metal ions. (left)
Flow system is the same as that in Fig. 3

Table 2. Effect of the buffer concentration and sample volume on
the sensitivity and measurable concentration range '

Buffer .concentration sample volume sensitivity measurable

NTA (M) zinc ion(M) {unl) (Abs. /M) range (M)_
0.010 0. 0050 200 20 0~90.0025
0.050 0.00250 5 0.09 0~10.50
- 0.10 0. 050 5 0.066. 0~1.0
5 0. 044 0~2.0

0. 20 010
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WAV BELBEBROEAXLBEOEBRE {2, Fig, 6IIMESEE W TelH6. 0ICR B
LR BAMIIHEBEREREIRNLA L EOFBHRIS anTOHEARY AT
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Fluoresence Intensity

11 1 1 i
450 500 - 5§50 600
wavelength / nm

Fig. 6 Change of fluorescence spectra of oxine sulfonic acid on addition
of zinc ion to zinc ion buffer containing oxine sulfonic acid.
Fluorescence intensity was measured for the 1:1 mixtures of the solution
(1) and (I1).
Soluition (I):1 x 10-* M Zn{(NO3), + 2 x 10°% M NTA containing 2 x 10°° M
oxine sulfonic acid (pH 6.0). Solution (I1): (1) H20, (2) 2 x 104 M
Zn(NOs)o, (3) 4 x 10°* M Zn(NOg)., (4) 6 x 10°* M Zn(NOs)., (5) 8 x
10-4 M Zn(N03)2, (6) 10 x 10°4 M Zn(NO3)2, Aen = 375 nm

«—10min—>
10.0x10™* M Z2n(NO3)2

8.0

[ 1073 M Zn(NOs)2 - 2 X 107 M NTA
ot 2x10°Mas

pH 6.0

s
Aex 1376
10| H:0 D N 528 nim
/I‘ 20
mi/min o (NGs)2 (2000 ! 25
—— 50 mi —> %107 M EDTA
Fig. 7 Flow diagram for determination of zinc Fig. 8 Calibration
and calibration peaks for zinc peaks for EDTA
Coil length and diameter: S-M 50 cm x 0.5 mm i.d. Flow system is the
M~D 200 cm x 0.5 mm i.d. same as Fig. 7.



Fig. TNy FROBFOBLHERLAL70—RE. TRCX2ERI A OR
BEREC—27ThHS, TRBENIE-—27BIBREEABBELCHHAL TS, HEBEN
WD, EEREMBOLOERHIBEEIEILTIVWIDOTR-254 VD%
BHAEFAREW, BEROBRELRETEBEROMOBEL AR L I A, pHT.0T
HRR LI MOBER LD, BRIERHL0DH AL ENRTI2BETH S, T 72pH
5.0 TCRRRLTIRMNORERLELD., REUE M. IDBEDIBEBETH ., WTh
LNy FRTOEMERRTH . _
HMDEBRBAF Y IZOWT LR LA, ZRIVALAAVRURT AL T 04 %Y
BRESAAVERRCERNRBEEABLALY, BRERIREFRERK,I A0
0.45RU0.18TH o7, AN (L) A AYRIv T M ATV IZDOVWTIEE
DE—IBELR,. THEEH - AX L VALK VBEREEOURTFERTLI L E
FLTVWE, ZOZEid, HABREEHALTaANAM M AYRZ v 7 A F v
EBTELIELEFRBLTIWVEG, NTAIDEHBI AL LOREEERDKE WEDTAR
KRB LTEATSE ., NTA- B KNEITA- BHEKNOBRRIEDO DI ¥
RBEHNBIL . 2OREIEEALLCIDTACKAT S, BEEFe 8IFYT,

4.3 ThEFVEERWAREIREO VO—A Y22y s VREDT
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Fig. 9 Change of absorption spectra of arsenazo I acid on addition of
lanthanum ion to lanthanum ion buffer containing arsenazo II.
Absorbance was measured for the 1:1 mixtures of the solution (I) and (II).
Soluition (I):1 x 10-2 M EDTA containing 4 x 1075 M arsenazo M (pH 4.5)
Solution (II1): (1) He0, (2) 1 x 10°% M La(NO3)s, (3) 2 x 10-3% M La(N03)3
(4) 3 x 1073 M La(N03)5, (5) 4 x 10°% M La{NOs)s, (6) 6 x 1073 M
La(¥03)3,(7) 8 x10°% M La(NO;)s, (8) 1 x10-2 M La(NO;),
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2.5x10°M La(nO,),

2x10”%M Arsenazo-1

5%10"°M EDTA

2.6x107°M La(NO,),
0.9 \ pH:4.47

A:665nm

“Sample(200uf) ~—20min—

Fig. 10 Flow diagram for determination of lanthanum and calibration peaks
for lanthanum
Coi!l length and diameter: S-M 35 cm x 0.5 nm i.d.
M~D 130 cm x 0.5 mm i.d.
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