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Kinetic determination of ultramicro amounts of Cu(II) ion in
solution
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Abstract: A new kinetic method is described for the determination of ultramicro
amounts of Cu(II) based on its catalytic effect on the oxidation of trisodium-2-hydro-
xy-1-(4-sulphonato-1-naphthylazo)naphthalene-6,8-disulphonato (red artificial color
PONCEAU 4R) by hydrogen peroxide in borate buffer (B.B.) The detection limit given
by Perez-Bendito is 0.8 ng/cm3, but the detection limit that we experimentaly deter-
mined is 3.8 ng/cm3. The relative error ranges between 7.77 and 2.09 % for the concen-
tration interval 3.8 to 50.1 ng/cm3. Kinetic equations are proposed for the investigated
process. The effects of certain foreign ions upon the reaction rate were determined for an
assessment of the selectivity of the method. The method was applied for the determina-
tion of Cu(II) ions in samples of alloy.
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INTRODUCTION

Copper is essential element for the function of many vital processes. It is extremely
important in the processes of blood formation, stimulation of hemoglobin synthesis,
growth and development of cells, as well as for the function of endocrine glands.

The human organism is supplied with copper through food and water. Therefore it is
necessary to control its concentration in both, which necessitates its determination in both.1

Copper is very important for plants too. It is significant in the process of photosynthe-
sis and affects the absorbtion of nitrogen by plants.

Although copper is not a toxic element, its presence in freshwater, wastewater and
drinking water is standardized, its concentration in drinking water is 0.05 mg/dm3.2

In recent years kinetic methods have become important in trace analysis and the appli-
cation of catalytic reactions in trace analysis has been reviewed previously. Many methods
for the kinetic determination of copper(II) are based on its catalytic effects on oxidation re-
actions including ligand-substitution reactions, or on the oxidation of organic compounds,
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such as phenyl amines and phenols, by H2O2 or by oxygen. The oxidation of these com-
pounds leads to the formation of colored products, hence the kinetics of trace reactions is
usually followed spectrophotometrically. Most of these methods are very sensitive in the
range of nanogramms and do not demand costly equipment.3–5

One of the kinetic method for the determination of Cu(II) is based on the reaction of
the oxidation of Rodamine B with H2O2 in ammoniacal buffer. The detection limit is 20
ng/cm3. The method was applied for the determination of Cu(II) in serum.6

Zhang and associates proposed a catalytic-kinetic method for determination of Cu(II)
ions, based on the reaction of the oxidation of Brilliant Yellow with H2O2 in ammoniacal
medium. The detection limit of this method is 0.16 ng/cm3. The method was applied for
the determination of Cu(II) ions in environmental samples.7

The kinetic method of the oxidation of 2,6-dichlorophenol-indophenol with H2O2 in-
volved the photometrical monitoring of the oxidation of the leuco form at 562 nm. The
method was applied for the determination Cu(II) ions in alloys, pharmaceuticals samples,
and environmental samples. This method copper(II) can be determine allows the determi-
nation of Cu(II) ions in the concentration range from 5 to 300 ng/cm3.8

The indication reaction of the oxidation of Phenol Red with H2O2 was followed by
Zhou and associates. The detection limit is 12 ng/cm3 and the method was applied for the
determination of Cu(II) ions in steel.9

A new kinetic method for the determination of Cu(II) ions, with a detection limit of
3.8 ng/cm3, is described in this paper. The oxidation of the indicator substance PONCEAU
4R with hydrogen peroxide in basic medium gives a colorless product. The reaction is cat-
alyzed by traces of Cu(II) ions, and is used for their kinetic-catalytic determination.10 It
was observed that small amounts of Cu(II) ions strongly catalyze this reaction. The rate of
the reaction increases proportionally with increasing concentration of Cu(II) ions. This fact
was used as the basis of the kinetic method for determining ultramicro amount of Cu(II)
ions, with good accuracy and precision and with very good selectivity.

EXPERIMENTAL

Apparatus

Aspectrophotometric method was used for following the rate of the investigated reaction. The depend-
ence of the absorbance (A) on (t) was measured using a Perkin-Elmer Lambda 15 spectrophotometer, con-
nected to a thermocirculating bath. The pH was measured by means of a Radiometer PHM 29b pH meter and
a combined glass-calomel electrode, GK 2311C. The solution was thermostated at 22 � 0.1 ºC before the be-
ginning of the reaction.

Reagents

A hydrogen peroxide solution was prepared from the 30 % reagent (c = 1 mol/dm3) by diluting with
deionized water.

A stock solution of the artificial color PONCEAU 4R (c = 1 � 10-3 mol/dm3) was prepared by dissolv-
ing it in deionized water. The working PONCEAU 4R solution (c = 1.6 � 10-4 mol/dm3) was obtained by dilu-
tion with water.

The borate buffer solution was prepared by mixing Na2B4O7 (c = 0.05 mol/dm3) with NaOH (c = 0.1
mol/dm3).11
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The solution of CuCl2 was prepared by dissolving CuCl2 in water (c = 1 � 10-5 mol/dm3). All chemicals
were analytical reagent grade and were provided by Merck unless indicated otherwise. The artificial color
PONCEAU 4R was obtained from the food industry “HISAR”. The solutions were prepared using deionized
water. All stock solutions were stored in polyethylene containers. The working solution of CuCl2 and hydro-
gen peroxide were prepared immediately before use.

All the polyethylene containers and the glassware used were cleaned in aqueous HCl (1:1) and then
thoroughly rinsed with deionized water.

Procedure

The selected volumes of reagents were transferred into a 10 cm3 volumetric four compartment flask in
(Bouderin flask) the order: borate buffer, PONCEAU 4, hydrogen peroxide and catalyst. Water was added to
give the predetermined volume. The flask was thermostated for 10 min, and vigorously shaken. The
spectrophotometer cell was rinsed well and filled with the solution. The absorbance at 478.4 nm was mea-
sured every 30 s over a period of 4 to 6 min after mixing. Instead of the reaction rate (dc/dt), the quantity dA/dt

was used. The measurements were made at 22 � 0.1 ºC.

RESULTS AND DISCUSSION

Kinetic studies

An integral variant of the tangent method12 was used for processing the kinetic data, be-
cause a linear correlation exists between the logarithm of the absorbance and time during the
first 4 to 6 min after mixing. The reaction rate was followed by the change in the values of the
tangent of the angle (tg �) for the slope of the linear part of the kinetic curve to the abscissa in
the coordinates log A–t, because tg � = d log A/dt. Such a plot is shown in Fig. 1.

In order to determine the lowest possible determinable concentration of Cu(II) ions,
the condition needed to be optimized. Therefore, the dependencies of the rates of both the
catalyzed and the non-catalyzed reactions on the concentration of each of the reactants
were determined.

The influence of pH on the rate of both reactions is shown in Fig. 2. It can be seen that
the greatest difference between the reaction rates occurs at pH 10.50, when Cu(II) maxi-
mally increases the rate of the catalyzed reaction. For further work a borate buffer at pH
10.50 was selected.
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Fig. 1. Dependence of the logarithm of the
absorbance of the solution on time. Initial
conditions: cH2O2

= 3���-2 mol/dm3;
cPONCEAU 4R = 8�10-6 mol/dm3; borate
buffer pH 10.50; cCu(II) ng/cm3; 1–0.00;
2–3.8; 3–25.4; 4–50.1.



From Fig. 2 it appears that there is a complicated relationship between the pH
and the catalyzed reaction rate in the range of concentrations studied. A linear rela-
tionship between the logarithm of tg � and the logarithm cH+ was found for the cat-
alyzed reaction. The order of catalyzed reaction is – 0.6 with respect to pH in the in-
vestigated pH interval from 9.28 to 10.50. The order of the non-catalyzed reaction
is – 1 order with respect to pH in the investigated interval.

The dependence of the reaction rates on the concentration of H2O2 is shown in Fig. 3,
from which it can be seen that both the catalyzed and non-catalyzed reactions are first order
with respect to the H2O2 concentration. A H2O2 concentration of 0.03 mol/dm3 was se-
lected for further work.

The dependence of the reaction rates of the concentration of the color PONCEAU 4R
is shown in Fig. 4. It can be seen that the greatest difference between the reaction rates oc-
curs at cPONCEAU 4R = 8 � 10–6 mol/dm3. From Fig. 4 it can be seen that the catalyzed re-
action is first order with respect to the PONCEAU 4R concentration from 4.8 � 10–6 to 8 �

10–6 mol/dm3, and the non-catalyzed reaction is zero order with respect to the PONCEAU
4R concentration.
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Fig. 2. Dependence of tg � on pH for
the non-catalysed (1) and catalysed
(2) reaction. Initial conditions: cH2O2
= 3���-2 mol/dm3; cPONCEAU 4R =
8�10-6 mol/dm3; cCu(II) = 63 ng/cm3;
t = 22 � 0.1 ºC.

Fig. 3. Dependence of tg � on the H2O2
concentration for the non-catalyzed (1)
and catalyzed (2) reaction. Initial condi-
tions: borate buffer pH 10.50;
cPONCEAU 4R = 8�10-6 mol/dm3; cCu(II)
= 63 ng/cm3; t = 22 � 0.1 ºC.



Under the optimal reaction conditions:
pH 10.50 (borate buffer); cH2O2

= 0.03 mol/dm3; cPONCEAU 4R = 8 � 10–6 mol/dm3,
the Cu(II) concentration was varied from 3.8 to 50.1 ng/cm3.

Figure 5 show the calibration line, at the temperature of 22 ºC, which can be used for
the determination of the Cu(II) concentration in the interval mentioned.

The following kinetic equations were deduced on the basis of the graphic correlations
obtained for the investigated process.

For the non-catalyzed reaction:

–dc/dt = k0 cH+
–1 cH2O2

were k0 is a constant proportional to the rate constant of the non-catalyzed reaction.
For the catalyzed reaction:

–dc/dt = k cH+
–0.6 cH2O2 cPONCEAU 4R c(Cu(II))

for the pH interval from 9.28 to 10.50 and for a concentration of PONCEAU 4R in the
range from 4.8 � 10–6 to 8 � 10–6 mol/dm3 were k is a constant proportional to the rate con-
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Fig. 4. Dependence of tg � on the
PONCEAU 4R concentration for the
non-catalyzed (1) and catalyzed (2) re-
action. Initial conditions: borate buffer
pH 10.50; cH2O2

= 3�10-2 mol/dm3,
cCu(II) = 63 ng/cm3; t = 22 � 0.1 ºC.

Fig. 5. Dependence of tg � on the
Cu(II) concentration for the catalized
reaction. Initial conditions: borate
buffer pH 10.50; cH2O2

= 3�10-2

mol/dm3; cPONCEAU 4R = 8�10-6

mol/dm3; t = 22 � 0.1 ºC.



stant of the catalyzed reaction.
On the basis of these equations, the rate constants for the catalyzed and non-catalyzed

reactions were calculated (Table I).

TABLE I. Rate constants for the non-catalyzed (k0) and catalyzed (k) reactions at three temperatures

T/K k0 k

292 3.5�10-7 6.46�10-2

295 4.21�10-7 8.33�10-2

298 12.1�10-7 11.6�10-2

A linear relationship between the logarithm of the rate constant and the reciprocal of
the absolute temperature was found for the non-catalyzed, as well as for the catalyzed reac-
tion (Table II).

TABLE II. Logarithm of the rate constants for the catalyzed (log k) and non-catalyzed (log k0) reactions at
three different temperatures

(1/T)/(10-4 K-1) log k0 log k

34.2 – 6.44 – 1.19

33.9 – 6.37 – 1.08

33.6 – 5.91 – 0.936

The activation energies were found to be 36.81 kJ mol–1 for the catalyzed reaction and
74.81 kJ mol–1 for the non-catalyzed reaction.

The accuracy and precision13 of the measurements are presented in Table III. The rel-
ative error ranges from 7.77 to 2.09 % for a Cu(II) concentration in the range from 3.8 to
50.1 ng/cm3.

TABLE III. Accuracy and precision of the Cu(II) determinations

Taken/(ng/cm3) Found/(x)/(ng/cm3) n S/(ng/cm3) G/ % (x–�)·100/� %

3.8 3.64 5 0.228 7.77 – 4.21

25.4 25.18 5 0.736 3.66 – 0.866

50.1 50 5 0.856 2.09 – 0.196

x – Mean value, � – true value; n – number of determinations; S – standard deviation; G – relative error
(=100·t·s/x n, where n = 5 and t is Student’s for 95 % confidence)

The minimum concentration of Cu(II) which could be determined by this method
may be calculated by the method given by Perez-Bendito and Silva.12 The detection limit
is 0.8 ng/cm3.

To assess the selectivity of the method, the influence of several foreign ions on the cat-
alyzed reaction rate was examined, at a constant Cu(II) concentration of 25.4 ng/cm3 (Ta-
ble IV).
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TABLE IV. Tolerance levels of interference in the kinetic determination of 25.4 ng/cm3 Cu(II) using the
optimal conditions

Tolerance level cION/cCu(II) Ion added

102 Li+; Na+; K+; NH4
+; Mg2+; Ca2+; Ba2+; Al3+;

CH3COO-; NO3
-; VO3

-; SO3
2-; SO4

2-;

HPO4
2-; C2O4

2-; F-; Cl-

10 Cr2O7
2-

1 Zn2+; Ni2+; Fe3+; MoO4
2-

1 Co2+ interfere

Regarding selectivity as determined by the 2-s criterium14 for a Cu(II) concentration
of 25.4 ng/cm3, it may be seen that Co(II) in a 1:1 ratio to Cu(II) interfere with the reaction.
The other investigated ions have practically no influence on the determination of Cu(II) by
this method. Hence, it can be concluded that the selectivity of the method is good.

DETERMINATION OF Cu(II) IONS IN SAMPLES OF ALLOY

The method was directly applied to the determination of the Cu(II) content in an alloy
with Al using the calibration line kinetic method and the AAS method. These results are
shown in Table V.

TABLE V. Determination of Cu(II) in a sample of alloy

Cu(II) proposed method/% Cu(II) AAS method / % �(x–�)/�� 100 / %

0.048

0.045 0.05 –2.00

0.045

x – Mean value; � – AAS value

Procedure

A sample of alloy (1 g) was added to 20.00 cm3 NaOH (20 %), and solution was
heated. After the alloy had completely dissolved, the solution was diluted with 100.00 cm3

distilled water, and 40.00 cm3 HNO3 with H2SO4. The solution was boiled for 5 min. After
cooling, the solution was made up to 250.00 cm3 with distilled water, if necessary, depend-
ing on the Cu(II) content.
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I Z V O D

KINETI^KO ODRE\IVAWE MIKROKOLI^INA BAKRA U RASTVORU

Z. M. GRAHOVAC, S. S. MITI] i E. T. PECEV

Prirodno-matemati~ki fakultet, Odsek za hemiju, Univerzitet u Ni{u, Vi{egradska 33, 18000 Ni{ (E-mail:

emapecev@yahoo.com)

Predlo`ena je nova indikatorska reakcija i razra|ena nova kineti~ka metoda za
odre|ivawe ultramikro koli~ina bakra na bazi wegovog kataliti~kog dejstva na reakciju
oksidacije Trinatrijum-2-hidroksi-1-(4-sulfonato-1-naftilazo) naftalen-6,8-disulfonat
(prehrambene boje PONCEAU 4R) vodonik-peroksidom u boratnom puferu. Granica detekcije
metode je 3,8 ng/cm3. Relativna gre{ka kre}e se od 7,77 do 2,09 % za interval koncentracije
bakra od 3,8 do 50,1 ng/cm3. Izvedene su odgovaraju}e kineti~ke jedna~ine. Ispitivan je
uticaj ve}eg broja stranih jona na brzinu indikatorske reakcije. Metoda je primewena za
odre|ivawe bakra u leguri aluminijuma.

(Primqeno 19. septembra, revidirano 26. novembra 2002)
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