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ABSTRACT

The conditions for the spectrophotometric Cu (II) determination by the system I - starch in the presence of Fe (I11)

are studied. The redoxy reaction between Cu(Il) and I ions, and the reaction between |:; - complex and starch proceed in

a medium of 0.08 mol I' sodium acetate - acetic acid buffer with pH 4.9 in the presence of 0.34 mol I' KI and 0.08 % starch.

The absorbance of the |é - starch compound is measured at A 485 nm. Five hundred fold excess of fluoride ions against

Fe (I1I) concentration is necessary to eliminate Fe (III) interference.
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INTRODUCTION

The redoxy reaction 2CU** +71” == 2Cul S+
[1-3] proceeds in water solutions of Cu (IT) containing
high concentration of iodide ions. The |, complex pos-
sesses yellow colour and its absorption spectrum has a
sharp maximum at a wavelength of 395 nm (Fig.1, [1]).
By measuring the absorbance of the complex at 430 nm
methods for the determination of Cu (II) and Cu (III)
are developed [1-3]. As the absorbance is measured at
the slope of the spectrum the methods provide results
that are not enough precise. An additional reason for
the larger dispersion of the results is the volatility of
the iodine from the unstable |, complex.

In the presence of starch the |;complex forms
intensive coloured compound used as an indicator in
the iodometric titrations, which colour mainly depends
on the structure and composition of the starch [5]. By
measuring the absorbance of |- starch compound a
spectrophotometric methods for the I, [6] and TI (IIT)
[7] determinations are developed.

In the present work the property of the |, com-
plex to form a stable compound with the starch is used
and the conditions for the spectrophotometric determi-
nation of Cu (II) in the pesence of Fe (I1I) are found.

EXPERIMENTAL

Solutions and apparatus

The following solutions were used: (1) 1.63 1073
mol I Cu (IT) prepared by dissolving CuO (p.a.) in 1
mol 1" sulfuric acid; (2) sodium acetate - acetic acid
buffer; (3) 0.12, 0.32, 0.67, 1.2, 1.8, and 2.7 mol 1" KI
prepared daily from KI (p.a., Merck); (4) 1% starch
(Himsnab, Dimitrovgrad) in a mixture of water and glyc-
erine (1:1) [7]; the solution is stable in a week; (5) 1%
starch prepared daily by introducing 1g starch in 2 ml
water and adding the mixture to 100 ml boiling water;
(6) 0.01 mol I'" Fe (IIT) prepared by dissolving FeCl, in
1 mol 1! hydrochloric acid; (7) 0.1 mol 1! NaF.

A single-beam spectrophotometer Spekol 11 (Carl
Zeiss; Jena) with cells of 1 cm was used to measure the
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absorbance of the solutions. The spectra were recorded with
a double-beam apparatus Cary (Varian) in cells of 1 cm.

Procedure

A proper volume of Cu (II) solution, 5 ml of
buffer solution, and 7 ml of KI solution were intro-
duced in a measuring flask of 25.00 ml. After a 10 or
20 min stay in a dark place, 2 ml of starch solution was
added and the solution was diluted up to the mark. The
starch solution and the distilled water were added drop
by drop with continiously shaking of the flask. The ab-
sorbance was measured at A 485 nm towards a blank
solution. The spectra were recorded towards distilled
water. When the influence of Fe (III) was studied, a
volume of 0.6 ml Fe (III) solution and different vol-
umes of NaF were added.

RESULTSAND DISCUSIONS

The experiments were carried out in weak acid
solutions to minimize the harmful reaction of an oxida-
tion of iodide ions from the air oxygen [5] and to avoid
the hydrolysis of the starch [8]. The sodium acetate-
acetic acid buffer with pH= 4.9+0.1 was used to main-
tain the weak acid medium.

Two modes of preparation of the starch solution
(water and water — glycerine [7]) were used, for which
the concentrations of starch and the potassium iodide
were varied. It was established that starch concentra-
tions of 0.02; 0.04; and 0.08 % in the solutions for the
absorbance measurement do not exert any effect on the
absorption spectrum of the |;-starch compound. The
subsequent experiments were carried out with starch
concentration of 0.08 %.

The concentrations of copper (II) studied were
in the limits of 0.6x10° — 6x10- mol 1", and the potas-
sium iodide concentrations were varied from 0.034 mol
I to 0.76 mol I''. At these high iodide concentrations
Cu (IT) forms with I" ions the Cul,” complex, instead of
the precipitate Cul, as seen from Fig. 1. The correlation
between C, . and C,, shown in Fig.1 was calculated
from the equation C_, C = K @+ BCIZ ). where K,
is the solubility constant of the Cul precipitate (pK =
12 [9]), and B is the formation constant of the complex
Cul, (1g = 8.85 [9]). The slight soluble compound Cul
is not formed when the value of the left-hand side of
the above equation is lower than that of the right-hand
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Fig. 1. Theoretical plot of the dependence log CCU+ - log Cr :
side, and the area below the curve in Fig. 1 corresponds
to concentrations of Cu (I) and KI at which the [Cu |}, ]-
complex is formed.

As the copper (II) concentration studied are low
a stay of 10 and 20 min of the solutions after an intro-
duction of the I ions was tested. It was found that a stay
of 10 min is enough for the equilibrium of the reaction
between Cu(Il) and I" to be reached. The equilibrium

between |;-complex and the starch is established five

minutes after the dilution of the solutions, and the ab-
sorbance is invariable up to 20 minutes.

Experimentswith water - glycerinesolution of starch

The spectra of the |- starch compound towards

water were recorded at six concentrations of KI (Fig. 2).
Two maxima are observed, localized at wavelengths of
485 and 545 nm. Up to 0.19 mol I"" KI inclusive the
higher maximum is at 545 nm. From 0.34 to 0.76 mol
11 KI the higher is the maximum at 485 nm. The larger
change of the absorbances of the last two solutions with
high KI concentrations is explained by the oxydation
process of the iodide ions from the air oxygen. The ab-
sorbances of the blank solutions containing 0.50 and
0.76 mol I'' KI measured towards water at A 485nm are
0.060 and 0.130, respectively.
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Fig. 2. Spectra of the |é - starch compound at C_ =3.84.10° mol I, starch 0.16% (water — glycerine solution) and concentrations of K
in mol It : (1)- 0.034; (2)- 0.090; (3)- 0.19; (4)- 0.34; (5)- 0.50 and (6)- 0.76.
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Fig. 3. Spectra of the |é - starch compound at C,=3.84.10° mol I, starch 0.16% (water solution) and K1 concentrations in mol I*: (1)-

0.090; (2)- 0.19; (3)- 0.34.

To test the Beer’s law a KI concentration of 0.34
mol 1" was selected at which the sensitivity is high and
the absorbance of the blank is still low (A=0.010). The
absorbance of the solutions was measured at wavelength
of 485 nm, corresponding to the higher maximum at
this KI concentration. It was found that the dependence
between the absorbance and the copper (II) concentra-
tion is a straight line. The Beer’s law was tested analysing
three parallel series each of them consisting of five so-
lutions with different Cu (II) concentrations. A linear
correlation between the absorbance of |- starch com-

pound and the concentration of Cu (II) was found
(r=0.995) and the regression equation at P=95% and
f=13is: A = (1.294 0.02) 10* C_...
Experiments with of starch aqueous solution

The spectra of the |- starch compound at three
KI concentrations were recorded (Fig. 3). Two maxima
are observed at the same wavelengths as well as at the
spectra given in Fig. 2. There is however slight differ-
ence between the absorbances of the compound in the
presence and the absence of glycerine. The optimal value
of the KI concentration - 0.34 mol 1" and that of the
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wavelenght - 485 nm, picked out at the experiments
with the water - glycerine solution of starch, are con-
firmed. Five solutions with different Cu (II) concentra-
tions were analysed three times and the results were
described by a regression analysis. The presence of a
linear correlation between the absorbance and the cop-
per (IT) concentration is proved (r =0.998) and the equa-
tion of Beer’s law at P=95 % and f=13is: A = (1.22+

0.03)x10% C_...

Experimentsfor maskingFe(l11)

Experiments with 2.4x10“#mol 1! Fe (III) in the
solution for the absorbance measurement and different
concentrations of NaF were made. It was proved that
500 fold excess of fluoride ions against Fe (III) con-
centration is necessary to eliminate the Fe (III) inter-
ference.

CONCLUSIONS

The experiments reported here show that Cu (I1)
in the presence of Fe (III) can be determined by measur-
ing the absorbance of the | - starch compound formed
between the |; complex liberated by the reaction be-
tween Cu (IT) and I ions and the starch added to the solu-
tion. The conditions for the Cu (II) determination are sum-
marized as follows: a medium of 0.08 mol I sodium ac-
etate - acetic acid buffer with pH 4.9; KI concentration of
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0.34 mol I''; a starch concentration of 0.08 %; a 10 min
stay in a dark place for the redoxy reaction to proceed; the
absorbance measurement at wavelenght of 485 nm; 500-
fold excess of fluoride ions against Fe (III) concentration
to eliminate Fe (III) interfierence; the more stable water—
glycerine solution of starch is prefered.
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