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he kinetics of chemiluminescence oxidation of

luminol by hydrogen peroxide in the presence
of copper (II) salts has been studied using the
discrete-mode photoelectric method. It has been
found that equimolar amounts of iron (III) do
not affect the initial intensity of the N2L-NaOH-
H202-Cu (II) chemiluminescence system. The
quantitative method of copper (IT) determination
in model solutions in the presence of equimolar
amounts of iron (III) was developed. The RSD
of 2,50¥*107 mol/l copper (II) analysis in the
presence of 2,50*107 mol /1 iron (I1I) was 0,03 at &
=0 % accuracy.
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INTRODUCTION

Controlling small amounts of copper (0,0001
to 0,001 mass %) in different objects (materials)
is a challenge in modern pharmaceutical analysis.
Copper is a microelement with an important role
in the biochemical processes of live organisms (for
instance, oxygen transport in tissues and iron fix-
ation). However, excessive copper has an adverse
effect on the human organism. It induces develop-
ment of anaemia, neurological diseases, affects the
liver and so forth [13, 14]. Developing new selec-
tive and sensitive techniques of quantitative anal-
ysis of copper (II) traces in the presence of other
metals especially in an organic substances envi-
ronment is a challenging analytical task.

Many studies in quantitative determination of
copper (II) suggest using the chemiluminescence
method [1, 2, 5, 6,9, 10, 12].

Ukrainian researchers were the first to propose
quantitative determination of copper (II) using

the kinetic chemiluminescence method and the re-
action of luminol with hydrogen peroxide as an in-
dicator test [7].

Thus, early study [8] describes the technique of
quantitative determination of copper (II) with lu-
minol using the photoelectric method. The meth-
od is based on discrete-mode recording of che-
miluminescence intensities occurring during the
reaction of catalytic oxidation of luminol by hy-
drogen peroxide in an alkaline environment.

The study objective is developing an express
and sensitive technique for quantitative determi-
nation of copper (II) in the presence of pro rata
quantities of iron (IIT) using the chemilumines-
cence method and the reaction with luminol with-
out masking agents.

MATERIALS AND METHODS

Reagents of the chemically pure (c.p.) or the
analytical reagent grade (a.r.g.) were used. Solu-
tions were prepared with bidistilled water pro-
duced in a crystal distiller.

A reference (standard) solution of 1*10 mol /1
copper (IT) was prepared using the volumetric-
weight method by dissolving 0,2497 g of a.r.g. blue
copperas in bidistilled water in a 1-litre measuring
flask. The solution obtained was standardised us-
ing the iodometric titration method [11]. Copper
(IT) smaller-concentration work solutions were
prepared daily by diluting the stock solution with
bidistilled water immediately before testing.

A standard solution with an exactly known
concentration of 0,0100 mol/l iron salt (IIT) was
prepared of ¢.p. iron-ammonium alum (ammonium
ferrum (IIT) tetraoxosulphate (VI) hexahydrate
(NH,Fe(SO,)-6H,0)) by acidifying with sulphate
acid to pH 2 [4]. Work solutions with a smaller
amount of iron (IIT) were prepared daily by dilut-
ing accurately the stock solution.

The stock 0,01 mol/l solution of luminol (5-
amino-2,3-dehydro-1,4-phthalazinedion, H,L
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Fig. 1. Installation for measuring chemiluminescence.

1— PEM power supply source (high-voltage stabiliser); 2 — current-
voltage converter; 3 — recording potentiometer; 4 — magnetic mixer;
5 — impeller in Teflon; 6 — crystal measuring cell; 7 — opaque
chamber; 8 — adjustable pipettor (P-1) with an opaque seal; 9 —
light filter; 10 — photoelectric multiplier (PEM) FEU-84A; 11 —
PEM anode; 12 — PEM cathode; 13 — blind; 14 — aluminium
screen.

(Chemapol, additionally recrystallised from a sat-
urated solution of sodium hydroxide) in a 0,01
mol/l solution of sodium hydroxide: 0,1772 g of
luminol are dissolved in a 100,0 ml 0,1 mol/I solu-
tion of sodium hydroxide.

Preparing a sodium hydroxide solution with-
out carbonates (using the Gillebrant technique),
0,1720 mol/1 [3]. 50 g of bidistilled water was
added to 50 g of c.p. sodium hydroxide, thor-
oughly mixed and leaved off for two weeks at 20°
C. A sampling tube was used to transfer 10 ml of
the solution to a 100-ml measuring flask. The so-
lution volume was made up to mark by the fresh-
ly obtained bidistilled water and mixed. A low-
er-concentration solution was made by accurate
dilution with bidistilled water stored in a tight-
ly closed polyethylene vessel. The exact solution
concentration was defined with amber acid us-
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Fig. 3.1 ,graph in system H,L+NaOH+H,0,+Cu?*. ¢(H,0,)=9%*107

mol/l; c(H,L)=1*10 mol/I; c(Cu?*)=5*10" mol/I.
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Fig. 2. Chemiluminescence (CL) kinetic graphs in the systems: H,L-
NaOH-H,0,-F¢** (1) H,L-NaOH-H,0,-Cu**(2). ¢(H,0,)= 9*10
’ mol/dm3 c(HzL) 1%10+ mol/dm3 c(Fe”) 5*10’ mol/dm3
c(Cu?*)=5*10" mol/dm’.

ing the method of acid-base titration with phe-
nolphthalein.

A 3% and 0.3% (mass) solution of Aydrogen
peroxide was prepared from a 50% ultrapure (u.p.)
preparation by diluting it with bidistilled water
followed by permanganatometric control of the
concentration [11].

Analytical damper scales of ADW-200 (2 class)
were used for measuring to 0,1 mg.

Chemiluminescence intensity was measured us-
ing an assembled chemiluminescence installation
(Chemiluminometer-01) including photoelectric
multiplier (PEM) FEU-84-A, weak current meter
IMT-0,5 and fast-operating recording potentiome-
ter LINE RECORDER TZ 4620 made by Labora-
torni Pristroje (Czechia). The installation for mea-
suring chemiluminescence is shown in Fig. 1.

When studying the impact of sodium hydrox-
ide concentration on chemiluminescence in the
catalytic system H,L+NaOH+H,O,+Cu?, the fol-
lowing sequence of mixing reagents was observed:
the pipettor was used to introduce into the crys-
tal measuring cell 1,00 ml 1*10-* mol/1 of luminol
(H,L), X ml 0,0195 mol/I sodium hydroxide solu-
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Fig. 4. Concentration of 1, in the H,L+NaOH+H,0,+Cu(ll)
system vs semilogarithmic ~coordinates. c¢(H,L)=1*10" mol/I;
c(H,0,)=9%107 mol/I; c(NaOH)=4,8%10” mol/I.
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TABLE 1
Quantitative determination of copper (II) in

model aqueous solutions in the presence of iron
(III). ¢(Fe(111)=2,50%*10"" mol /1

Metrological
Taken copper Found copper characte 1§s tics
(1II), mol/1 (IT), mol/1 (P=0,95; n=5)
X =2,50%107
2,5%107 Ax =8,79%10"
2,6%107 S=7,07*10"
2,50%107 2,5%107 Sy=3,16%10"
2,4%107 RSD =2,83%
2,5%107 e=3,52%
&=+0%

tion, 1,00 ml 0,09 mol/1 H,O, solution, (10 — Y)
ml bidistilled water and all this was mixed thor-
oughly (where Y is the total volume of all other
components except for the hydrogen peroxide so-
lution and a copper solution). The measuring cell
was placed in the opaque chamber of the chemi-
luminometer, the blind was opened, the recording
potentiometer was powered on and 0,50 ml 1*10~
mol /1 copper (IT) solution was added with the ad-
justable pipettor. It was fitted in a removable hold-
er for isolating the photoelectronic multiplier pho-
tocathode from ambient light, and hence, allowing
to work with ambient light. On the chemilumines-
cence intensity kinetic graph I, vs time (minutes)
the maximum chemiluminescence intensity is re-
corded in conventional units (mV). The experi-
ment was repeated five times. The desired signal is
the value of maximum chemiluminescence intensi-
ty obtained by averaging the values of five repeat-
ed experiments. The sensitivity is 2 mV and the
motion velocity v=0.6 cm/min. All experiments
were conducted at 18 to 20°C.

RESULTS
AND DISCUSSION

The chemiluminescence (CL) graphs in the
H,L-NaOH-H,O,-Fe*" system resemble a flash of
light with fast CL extinction following an expo-
nential law. At the same time, the I, vs time graph
in the presence of copper (IT) has an S shape due to
formation of a catalytically active complex of cata-
lyst with luminol (Fig. 2).

Such a difference in the kinetics of occurrence
of CL in the system being investigated allows for
differentiated determination of copper (IT) in the
presence of iron (IIT) ions.

The optimal concentrations of CL system com-
ponents were found experimentally.

Fig. 3 shows maximum intensity of chemilu-
minescence in the H,L-NaOH-H,O,- Cu** sys-
tem vs alkali concentration. As obvious, maximum

luminescence is achieved at ¢(NaOH)=5%107
mol/dm?.

Fig. 4 shows maximum chemiluminescence
intensity in the H,L-NaOH-H,O,-Cu*" system
vs Cu?" concentration. It is linear within 1*107
mol/l to 5¥107 mol/l, and therefore can be used
for quantitative determination of copper (II) us-
ing the calibration chart method. The calibra-
tion equation has the form: Ig I =0,3652*107-s —
0,012 (r=0,996).

Experimentally it has been found that com-
mensurable molar quantities of iron (IIT) salts do
not hinder the quantitative determination of cop-
per (IT) using the luminol reaction and the chemi-
luminescence method.

Table 1 shows the results of quantitative de-
termination of copper (IT) in model mixtures in
the presence of iron (IIT) using the chemilumines-
cence method and the chemiluminescence reac-
tion with luminol.

CONCLUSION

A technique has been suggested for quantita-
tive determination of copper (II) in model solu-
tions in the presence of iron (III) using the che-
miluminescence method and the reaction with
luminol. When determining 2,50*107 mol/l of
copper (II) in model mixtures in the presence of
equimolar quantities of iron (IIT), RSD=2,83% to
+0% accuracy.
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U.H.bopoeckas, H.E.Baasxceescxkuii, B.O.Eg-
myxo6. Kamanumempuuecxoe onpedenenue na-
Hoepamoesvix Kouuecme meou (II) memoodom xe-
MUTIIOMUHECUEHUUU.

Knoueevte cnosa: xunemuueckuii memoo xemu-
momunecuenyuu, onpedeienue meou (II), eiusnue
acenesa (III).

H3syuena kunemuxa xe MumoMuHecueHmmoz0 OKuc-
JIeHUST JHOMUHONA NePEeKUctro 8000poda 6 Npucymc-
meuu conei meou (I1) pomosanexkmpuueckum memooom
8 Juckpemnom pexcume. Ycmanoeneno, ymo sKeuMo-
asaprole koauuecmsa coneul dcenesa (III) ne srusiom
HA MAKCUMATLHYIO UHMEHCUBHOCTY XEeMUNIOMUHEC-
uenyuu 6 cucmeme H,L-NaOH-H,0,-Cu(ll). Paspa-
bomana memoouxa KoIUUeCmEEeHH020 ONnpedeieHus
medu (II) 6 modenvnvix pacmeopax 6 NPUcymcmeun
axeuMonApHLIX Koauuecms dceneda (I1I). IIpu onpe-
denenuu 2,50%107 monv,/n meou (II) 6 npucymemeuu
2,50%1077 monv/n acenesa (II1) RSD=0,03 (6=0%).

IL.H.Boposcvra, H.€.baasxceescoruii, B.0.€g-
myxoe. Kamanimempuune eusnauenns namozpa-
Moeux xinvikocmeti midi (II) memoodom xeminromi-
HecueHuii.

Knouoei caosa: xinemuunuili memood xemiiomi-
necuenuii, susnavenns mioi (I1), enaue 3aniza (1II).

Bueueno xinemuxy xeminominecyeHminozo OKUC-
JICHHS. IIOMIHONY NEePEKUCOM 600HI) 8 NPUCYMHOCTIE
coneu midi (II) pomoenexkmpuunum memooom 6 ouc-
Kpemuomy pexcumi . Bcmanognieno , w0 exsimoniapmi
xinvkocmi coneu 3anisa (III) ne enausaromv na max-
CUMATLHY THMEHCUBHICMY XeMITIOMIHeCUeHUil 8 Cuc-
memi H2L-NaOH-H202-Cu (II). Pospobaeno memo-
Juxy Kinvkicnozo eusnavenns mioi (II) 6 modenvrux
POUUHAX Y NPUCYMHOCTE eKGIMONSAPHUX KIIbKOCMEL
sanisa (IIT). Ipu eusnauenni 2,50%107 monv/n mioi
D) y npucymnocmi 2,50x107 moav/n 3aniza (I11)
RSD=0,03 (6=0 % ).

Haoiuna do pedaxuii 10.02.2013 p.
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