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CATALY悶 TRICDETERMINATION OF IRON(III) AND ZIRCONIUM(IV) BY THEIR 

EFFECTS ON THE HYDROGEN PEROXIDE-IODIDE REACTION WITH THE AID OF 

IODIDE ION-SELECTIVE ELECTRODE 

@ 
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Trace arnount of iron(皿) and zirconiurn(IV) can be deterrnined by 

using their cata1ytic effects on the hydrogen peroxide-iodide reac-

tion in the acidic environrnent. The reaction rate was fo11owed by 

rneasuring the concentration of iodide ion by rneans of an iodide ion-

se1ective e1ectrode. The rnost suitab1e concentrations of hydrogen 

peroxide， potassiurn iodide， and hydroch1oric acid for the deterrnina-
tion of iron(III) and zirconiurn(IV) were found to be 0.02 M and 4 rnM， 

0.1 rnM and 1.0 rnM， 0.55 M and 4 rnM， respective1y. The ca1ibration 

curves with good proportiona1ity were obtained in the range of 5 to 

160 pM for iron(III) and 1.0 to 12.0 pM for zirconiurn(IV). 

1 Introduction 

Many rneta1 ions， which cata1yze the oxidation of iodide ion to iodine by hy-
drogen peroxide in acidic rnediurn， are deterrnined cata1yrnetrica11y. A1rnost a11 the 
rnethods are based on the forrnation of iodine， whose concentration is observed by 
photornetric rnethod by the addition of starch or Variarnine B1ue. On the other hand， 
consurnption of iodide ion and/or forrnation of iodine can a1so be traced potentio-

rnetrica11y by the aid of a si1ver or p1atinurn e1ectrode as we11 as ion-se1ective 

e1ectrode. 

K1ockow et a1 ・describedthe cata1yrnetric deterrnination of rno1ybdenurn
1
) and 

f1uoride
2
) by the potentiostatic rnethod with an autornatic buret using a p1atinurn 

e1ectrode as indicator e1ectrode. 

The uses of ion-se1ective e1ectrode in sorne cata1yrnetric investigations are 
3) _̂-'l _̂__̂ "̂.._4) reported. Efstathiou and Hadjiioannou deterrnined chrorniurn~) and rnagnesiurn~) by 

rneans of a periodate sensitive perch10rate ion-se1ective e1ectrode using periodate 
5) 

as the oxidant. Rechnitz and co-worker~J reported the enzyrnatic deterrnination of 

cho1estero1 using a f1ow-through ionωse1ective e1ectrode. We have a1so rnade cata叩
6-10) 1ytic rnicro deterrnination of rneta1 ionsv 'V)  by the aid of an iodide ion但 se1ective

e1ectrode. 

In the present paper， deterrnination of trace arnount of iron(III) and zirco-

niurn(IV) was described by using iodide ion-se1ective e1ectrode as the tracer of 
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consumption of iodide ion in the reaction mixture. 

2 Theory 

The indicator reaction， on which the present method is based， proceeds 
according to: 

H~O 2V 2 
+ 2 Im ÷ 2 H+ 一一一一->. 1

2 
+ 2 H
2
0 、SB

J-
F's
‘、

: 11 ) Yatsimirskii' ') suggested that the kinetic equation for iron(盟) and zirconium(1V) 
12) 

used as the catalyst have different forms: namely， one has for iron(直〕
d [1 ] 

一一一一一一 k ・ C k ・ CH~O~.C1- (2) 
dt " u2v2 

and for zirconium(1V) 13) 

d [1] k. . C， . C~-
1 vk v1 

dt 
(3) 

where k and k. are the rate constants. C，_ and CT- are the concentration Vk v1 

of the catalyst and iodide ion， respectively. 1f one chooses a much higher conω 
centration of hydrogen peroxide than iodide ion， in the case of determining 

iron(TII)， the eqn.(2) is simplified into the same form as eqn.(3). Namely， 
d[1 ] 一一一一一一一 k2

・Ck.C1- (4) 
dt 

where k2 k.CH~O~. The present indicator reaction proceeds very slowly in the 
2v2 

weakly acidic medium， but at the pH lower than unity， the reaction occurs without 
catalyst. The present investigation being carried out under such a condition， 
in the case of determining iron(TII)， the kinetic equation is shown as follows. 

d [I ] 一一一一一… ( k2・Ck+ k3 )・C1- (5) 
dt 

where k3 is the rate constant of uncatalyzed reaction including the concentra-

tion of hydrogen peroxide. 1ntegration of eqn.(5) yields 

log[1-] 明(k
2
・C
k
+ ]王3)・t+log II-1* 

-* where [1-] is the initial concentration of iodide ion. 

The potential of the iodide ion“ selective electrode is shown by 

(6) 

E ZBo-23;3RT10g(af+ む j.a
j
1/Zj (7) 

z. lS 

ムi叫 esthat the rate of potential change in unit time is propor山 nalto the 

K~ is the selectivity coefficient， a~ the activity of }-th ion， and 
3 

the absolute value of charge on j-th ion. Combination of eqns.(6) and (7) 

where 

catalyst concentration. 

3 Experimental 
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3.1 Apparatus Potential measurements were carried out with a Toa pH meter， 

type HM司 7A，equipped with a Hitachi recorder 056. A Toa iodide ion-selective 

electrode， 1-125， and a calomel electrode， HC司 205C，were used throughout the study. 
Reaction mixture was thermostated at 25 or 30 oc with a Yanagimoto constant-tem-

perature bath， P8-PC. 

3.2 Reagents Hydroge~ peroxide solution， 0.1 M. Dilute 11.34 g of 30% H202 
3 

solution (Wako Pure Chemicals Co.) into 1 dm~ with water. The solution was 

stored in a brown bottle in a refrigerator. 

Potassium iodide stock solution， 0.1 M. Dissolve 16.6 g of analytical reagent 
3 grade KI (Wako) in 1 dm~ of water. It was stored in a brown bottle in a refrig-

erator. 

The pH of the reaction mixture was adjusted with 2 M hydrochloric acid solution 

by using the pH meter equipped with a Toa glass electrode， HG-205， and the calomel 

electrode. 

Ferric chloride stock solution， 0.990 mM. Dissolve 0.2703 g of analytical reagent 

grade F~C13 ・ 6H 20 (Wako) into 250 ml of 2 M hydrochloric acid solution and dilute 
to 1 dm~ with water. The stock solution was standardized against 10.0 mM Na

2
H
2
edta 

solution by using Cu町 PANmetallochromic indicator at pH 3.0. 

Zirconyl nitrate stock solution， 1.05
4 
mM. Dissolve 0.2673 g of ZrO(N03)2・2H20

3 (Wako) to 143 ml of nitric acid and make up to 1 dm" with water. The solution was 

standardized by the chelatometric back titration with 10.0 mM Na
2
H
2
edta solution 

and CuS0
4 
solution by the aid of PAN indicator・

All the water used in this study was once deionized and then twice distilled. 

4 Results and Discussion 

4.1 Procedure for the determination of zirconium(IV) To a sample solution 

containing 9.1 pg to 0.11 mg of zirconium(IV) in a 50-ml measuring flask were 

added 10 ml of 0.2 M hydrogen peroxide solution and then water was added to the 

mark (solution A). To another 50-ml measuring flask containing 10 ml of 1 mM 

potassium iodide solution were added 2 ml of 0.2 M hydτochloric acid and then 

water was added to the mark (solution B). After two solutions were thermostated 

at 25 oC， one transferred the solution B into a 100-ml beaker in the constant-
temperature bath and then inserted the iodide ionωselective electrode and SCE. 

When the potential of the ion-selective electrode showed a stable value， the 

solution A was poured into the beaker and at the same time， one switched on the 

recorder. Potential change was recorded for 10 min. 

4.2 Procedure for the determination of iron(Ill) To a sample solution contain-

ing 28 pg to 0.89 mg of iron(凹 ina 50-ml measuring flask were added 10 ml of 

0.2 M hydrogen peroxide solution and then water to the mark (solution A). To a 

solution containing lOml of 0.04 M potassium iodide were added 10 ml of 5.5 M 

hydrochloric acid solution and water was added to the mark (s.olution B). Then， 
one applies the same procedure as above. 
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4.3 Effect of pH Effect of pH on the rate of potential change was measured 

and the results are shown in Fig. 1. In the case of zirconium(IV) as the catalyst， 

the rate of potential change shows a maximum at pH 2.4， where the blank reaction 
is negligibly small. The rate of blank reaction at lower pH region increases 

with decreasing pH of the reaction mixture. Because ferric ion forms hydroxide 

in a mild acidic solution， pH of the reaction mixture must be less than unity. 
The most suitable pH was found to be 0.26 for the determination of iron(llI). 

4.4 Effect of the concentration of hydrogen peroxide The dependence of the 

net rate of potential change on the hydrogen peroxide concentration was observed 

and the results are shown in Fig. 2. Various amounts of hydrogen peroxide solution 

were added to the solution containing 100 pM of iron(llI) or 10 pM of Zirconium(IV) 

and fixed concentrations of potassium iodide and hydrogen ion. It was found that 

the net rate of potential change showed a constant value for the concentration 

higher than 10-2 M of hydrogen peroxide， when iron(田) was used as a catalyst. 
In the case of zirconium(IV)， the rate of potential change increased with increasing 

concentration of hydrogen peroxide， however， when the concentration exceeds 5 mM， 

blank reaction rate becomes remarkable. Thus， the concentration of the hydrogen 
peroxide was adjusted to 0.02 M for iron(llI) and 4 mM for zirconium(IV). 

4.5 Effect of iodide ion concentration Effect of iodide ion concentration on 

the rate of potential change was examined. As shown in Fig. 3， the rate of potential 

change increased with decreasing iodide ion 

concentration in the case of zirconium(IV) 2.5 3.0 

catalyst， but all the iodide ion is oxidized~ 
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Fig. 1 Effect of pH 
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Fig. 2 Effect of the concentration 

of hydrogen peroxide 

-0-: [Zr(IV)] 10 pM，日1] 1 mM， 

[HCl] 4 mM，一金一 [Fe(田)] 100 pM， 

[KIJ 0.1 mM，伊Cl] 0.55 M，一+-

blank， --L.ト-:Fe(四)-blank(net value). 
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lower than 0.5 mM. 1n the case of 

iron(皿)， the rate of potential change 

showed a constant value in the iodide 

ion concentration range from 0.05 to 

0.15 mM. Namely， the most suitable 

iodide ion concentration was found to 

within ten minuts 

be 1.0 mM and 0.1 mM for zirconium(1V) 

and iron(盟)，respecti vely. 

Calibration curve 

curves 

4.6 

-0ー [Zr(1V)J 10 pM， [H202] 

0.01 M，[日Cl] 4 mM，一世 [Fe(ill)]

100ドM，[H
2
0
2
J 0.01 M， [HCIJ 

0.55 M，ー@ー blank，一合一 Fe(ill) -

blank(net value). 

O 
J 

O// 

/ 
Oノノ
/ 
ノ
ノ

10 

1
1』円

U
勺ムF

t
回

吉

田

〉

冨

¥
ω

∞
口
信
同
{

υ

H
吋
刊

μ
H
H
むリ
V
O門
同

い

明

。

ω
H
V
吋
出

/ 
; 
ノ。

15 

10 

Calibration 

for iron(ill) and zirconium(1V) 

were obtained according to the above 

established conditions， as shown in 

Figs. 4 and 5. The linear relation-

ship between the net reaction rate and 

concentration of iron(盟) and zirco-

nium(1V) was observed in the range 5 -

160 pM and 1.0 -12.0 pM， respectively. 

The blank value of the calibration curve 

for iron(盟 isabout 9.8 mV min¥ 
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Calibration curve for Zr(1V) 

[K1J 1 mM， [HCl] 4 mM， [H
2
0
2
] 

4 mM， Temp. 250C. The curve is 

expressed by Y (1.049 ~ 0.004)・Ck
明 0.792+ 0.030， where y and Ck are 

the same as in Fig. 4. 

5 Fig. 

Calibration curve for Fe(ill) 

[ K I ] 0 . 1 mM， [ HC 1 ] 0 . 5 5 M， [H 20 2 ] 

0.02 M， Temp・300C.The calibration 
curve is expressed by y (0.0396 + 

0.001 )・ C~ + 9.766 + 0.012， where y is 

rate of potential change in mV min-1 

and C
k 
is the catalyst concentration 

in pM. 

4 Fig. 
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while that of zirconium(IV) is almost zero. The difference is mainly due to the 

pH of reaction mixture， as mentioned before. 

4.7 Interference Since some metal ions catalyze the present indicator reac-

tion， the interference by some diverse ions was tested and summarized in Table 1. 

The composition of the reaction mixture is the same as above and the concentration 

of iron(III) and zirconium(IV) was 50 pM and 10 rM， respectively. As expected， 

molybdenum(VI)， vanadium(IV)， tungsten(VI)， and copper(II) showed very strong 
interferences for the determination of both iron(III) and zirconium(IV). 

Table 1 Effect of interfering ions 

Fe(III) Zr (IV) 

Ion Added as Concn. Error Concn. Error 

()JM) (%) (rM) (%) 

Mo (VI) (NH4)6M07024.4H20 0.5 +1. 81 0.1 + 11. 6 

V(IV) VOS0
4・
3H
2
0 0.5 -2.43 1.0 -6.14 

W(VI) (NH4)2
W04 0.5 +1 .28 1.0 ー6.13

Mn(II) MnS0
4・
4H
2
0 5000 -0.34 1.0 也 8.18

Cu (II) CuS0
4・
5H
2
0 0.5 +1 .32 1.0 ー10.3

Zn(II) ZnS0
4
・7H20 5000 -0.88 0.1 同 0.52

Pb (II) Pb(N03)2 
50 切1.33 1000 -4.56 

Fe(m) FeC1
3・
6H
2
0 10 -9.43 

Zr(IV) ZrO(N0
3
)2.2H
2
0 0.5 +0.50 

[Fe(盟 )J 50 )JM， [Zr(IV)] 10)JM 
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