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The content of Cu, Pb, and Cd in ZnO was determined by using square-wave
polarography in the medium of nitric acid of 0.3 mol dm™ concentration and
the method of standard additions. As we found by simultaneous determinations
considerable interactions between cations (especially influencing of Pb(II} by
Cd(I1)), we recommended to determine individual components in separate
portions of the sample solution. Thus we found (10.7 2 0.8) pg Cu, (360.6 +
10.0) ug Pb, and (42.7+1.0) ng Cd in 1 g ZnO.

C NCMON®30BaHMEM KBafpaTHOBOJHOBON nonsgporpacdud B cpefe a30THOM
KMCIIOTHI ¢ XOHIeHTpauyei 0,3 Mois aM ™~ MbI yCTaHOBHITH cofepxanye Cu, Pb
n Cd B ZnO mocpeacTBOM MeTONla CTaHJapTHhIX H06aBoK. [TOCKONBKY mpu
OJHOBPEMEHHOM OMNpENeNCHUU OBLI0 OGHAPYKEHO 3HAYMTENIBHOE B3aMMHOE
prusiane xaTHoHoB (oco6enno Cd(II) va Pb(1I)), MBI peKOMeEHAYEM MTPOBOIKTD
onpeNneIeHNe MHIMBUAYAIBHBIX KOMIOHEHTOB B OT/AENbHBIX MOPLULX PacTBOPa
o6pazua. B 1 v ZnO wnaispero (10,7 £0,8) Mxr Cu, (360,6 = 10,0) Mxr Pb u
(42,7 +£1,0) mxr Cd.

The application of zinc white under industrial conditions necessitates to verity its
chemical purity. We concentrated our attention on the determination of Cu, Pb,
and Cd. As the mass fractions of these components are approximately equal to
1%x1072 % Cu, 3.6 X 1072 % Pb, and 4.4 X 10* % Cd and these elements belong
among typical electroactive elements, we applied square-wave polarography to
their determination. Thus we used methods allowing the determination of all three
components in dilute nitric acid without separation or screening.

Experimental

Instruments

The polarographic measurements were performed with a square-wave polarograph
OH 104 (Radelkis, Budapest)in two-clectrode connection within the frange of sensitivity of
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(6—12)x 107° A/mm. A dropping mercury electrode with the drop time of 3.1s at the
height of mercury column of 80 cm was used for these measurements. The mercury on the
bottom in polarographic vessel functioned as a reference electrode. The amplitude of the
superimposed voltage was equal to 20 mV.

Working procedure

Zinc oxide (0.4 g, 1 g or 2 g) was dissolved in cool isothermally distilled HNO; (10 cm’).
After dissolution, the sample was diluted to 100 cm® with water obtained by threefold
distillation. The following solutions containing nitric acid in 0.3 mol dm™ concentration
were used for polarographic measurements: For determination of Cu, 2 cm® of the stock

solution (2 g Zn0O/100 cm®) were pipetted and diluted with 2 cm® of water. For determina-

tion of Pb or Cd, the stock solution (concentration of ZnO was 4%x102gem™ or

1% 107* g cm™) was diluted in the same manner. After preceding removal of oxygen with
a stream of nitrogen, the solutions thus prepared were subjected to polarographic analysis in
the region of potentials 0 V— —1.2 V. The determination of concentration was carried out
by the method of standard additions using five 50 mm® additions (pipette from Eppendorf,
GFR) of 107* mol dm™ or 2 X 10~* mol dm™* concentration. The standard solutions were
obtained by diluting 107 m: * dm™ solutions of the salts, i. e. Pb(NO;);, CuSO, - 5H0, and
CdSO, - 8H,0 dried to constant mass beforehand. The results were processed by linear
regression with a calculator TI 59 on the basis of simple programs.

Results and discussion

The electrochemical methods, especially d.c. and a.c. polarograpﬁy or elec-
trochemical stripping analysis (e.s.a.) are most frequently used for determining
Cu(II), Pb(1l), and Cd(II) in the presence of one another. These methods are able
to utilize electrochemical activity of cations, high solubility of metals in mercury as
well as their reversible electrochemical behavicur in most noncomplex-forming
electrolytes [1—3]. Owing to mass fractions of the determined components
(10—360 ppm), we chose a.c. polarogr.iphy with superimposed rectangular vol-
tage, i.e. square-wave polarography among the above-mentioned methods. This
method represents the medium sensitive method from among the three mentioned
methods, but its sensitivity is sufficient for our aim. Its use enables us to avoid the
drawback due to greater tediousness as well as formation of intermetallic alloys
manifesting itself in electrochemical stripping analysis by the fact that the current
signal does not change linearly with concentration in numerous mixtures of cations.

We chose the medium of nitric acid (c(HNO;) = 0.3 mol dm~?) from various
media and ground electrolytes. In this medium the signals of all three components
are reversible and the value of half-width of a peak corresponds approximately to
45 mV. The fundamental component, i.e. Zn(Il) does not ‘show itself in this
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medium. The solutions of HNO, do not exhibit any complex-forming properties
and the distance between cathodic peaks of the determined cations is sufficient :
E,(Cu)= —210 mV, E,(Pb)= — 650 mV, and E,(Cd)= — 820 mV against Hg on
the bottom of the polarographic vessel (Fig. 1).
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Fig. I. Square-wave polarographic record of the solution obtained by dissolving 2 g of ZnO in 100 cm?.

This medium is proper because it has been obtained by dissolution of ZnO and
does not contain any contaminating substances owing to high purity of iss-
thermally distilled nitric acid. Other frequently used medium is represented by
the acetate or ammonia buffer solution [3]. As for these ground electrolytes, we
examined the medium containing the NHI-buffer solution prepared in situ by
adding isothermally distilied ammonia. The increasing concentration of NH,OH
(increasing pH) brings about that E (Cu) very rapidly shifts to more negative
potentials as far as the peaks of Cu(II) and Pb(II) conjoin. DoleZal and Musil [3]
employed the medium of mineral acids for determining Cu, Pb, and Cd in different
materials. Lysenko and Lisitsina [4] used the medium of HCI and its salts of
1 moldm™ concentration for polarographic determination of these elements in
ores and ascertained that Cu could be determined in the presence of 1000-fold
excess of Pb(II) and cadmium in the presence of 1000-fold excess of Cu(Il) or
Pb(II), while the determination of Pb(Il) was feasible only in the presence of
500-fold excess of Cu(Il) at most. The determination of Cu (2X107° mass %), Pb
(2X107* mass %), and Cd (4> 107° mass %) in pure zinc using the medium of
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dilute H,SO. is described in publication [5]. The square-wave signals were
evaluated on the basis of the method of standard additions. In paper [6], we
determined Pb in the presence of Zn and Fe in the medium of H,SO, on the basis of
a linear relationship between the square-wave polarographic peak and concentra-
tion of standard additions.

Cu, Pb, and Cd in ZnO were determined individually so that only one cation was
always determined in the investigated solution and a new portion of solution was
taken for the determination of another one. By using the method of five standard
additions, the linear regression expressing the relationship between the height of
peak and concentration under these conditions gave high values of correlation
coefficients (0.9992—0.9997) at the relative standard deviation of 1.0 %—3.2 %
(Fig. 2). ”

Simultaneous determinations gave varying results, which was caused by mutual
influencing of individual components. This method also brings about experimental
difficulties resulting from different proportions of the determined substances as
well as necessity to use different sensitivities and additions of standard solutions of
various concentration. The mutual influencing is most conspicuous in the determi-
nation of Pb which follows the determination of Cd in the same portion of solution
(Table 1). Provided Pb in ZnO was determined as the first element, we obtained

hfom I I I |

1%.0 —

10.0

Fig. 2. Square-wave polarographic peak corre-
sponding to the reduction of Pb(Il) in the
medium of HNO; of 0.3 moldm™ concen-
tration. Composition of solution: 2em’®
" of solution containing ZnO (0(ZnO)=4Xx 1072
gem )+ 2 cm® of water. Amplitude 20 mV,
sensitivity 6 X 107° A/mm.
1. Peak: Pb(II) in the sample of ZnO; 2., 3.
Peaks: after 100 mm?® additions of Pb(II) solu-
tion (c(Pb(I)) =2 % 107 mol dm™).
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the value 360.6 ppm while the determination of Pb following Cd(1II}) additions gave
a considerably lower result (272 ppm) with almost equal precision
(1.0 %—1.25 %). This observation is so much more surprising that the content of
interfering Cd(II) is eight-times lower in comparison with the determined Pb(II).

The results listed in Table 1 show that the influence of Pb(II) and Cu(II) on the
determination of Cd(Il) is negligible. This table contains the resuilts of determina-
tion of individual elements in ZnO: (10.7 £ 0.8) ppm Cu, (360.6 £ 10.0) ppm Pb,
and (42.7 = 1.0) ppm Cd, which means that we determined the contaminants in
ZnO under the described conditions with better precision than 3.2 %.
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