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ABSTRACT

Anoptimal composition for liquid membrane chelating potential phase of a
zinc function liquid electrode was established. Its basic analytical
parameters, such as the slope of characteristics ( 29.5 mV pa ™), the
detectionlimit ( 7.3 x 10 mol L), lifetime ( 50 days), responsetime (12s),
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selectivity against some metal ions, as well as the dependence of the
electrode potential on pH, were established. The electrode was used to
determine the presence of zinc ions in pharmaceutical formulations. The
results obtained were compared with the determination made by use of a

voltammetric method.

INTRODUCTION

Zincisan essentia element of nutrition and traces
arepresent inawiderangeof foods. It isaconstituent
of many enzyme systemsand ispresent inall tissues.
Featuresof zinc deficiency include growth retardation
and defectsof rapidly-dividing tissuessuch astheskin,
theimmune system, and theintestinal mucosa. Water-
soluble zinc salts are used as supplementsto correct
zinc deficiency; for example, in malabsorption syn-
dromes, during parentera feeding, in conditionswith
increased body |osses (trauma, burns, and protein-los-
ing states), and in acrodermatitisenteropathica(arare
genetic disorder characterized by severe zinc defi-
ciency). They havebeentried inthetreatment of alarge
number of conditionsthat may berelated to zinc defi-
ciency*?, Dosesof zinc sdtsareusually expressedin
termsof el ementd zinc, and thefollowing saltscontain
about 50 mg of zinc, three times daily.

The new reagent N-undecyl-N*- ( sodium p-
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aminobenzene-sulfonate)- thiourea( UPT ) hasnot only
very good sensitivity (£300.4 nm=2.39x 10°| mol*
cmt) but aso good selectivity. Experimenta datahave
indicated that these compounds have excel lent analyti-
cd characteritics?.

Asaresult of the search for new, sensitiveand se-
lectivewaysof meta ion determination in pharmaceuti-
ca formulationsanumber of compoundsbe onging to
azo heterodiazo-lylazophenol dyeswere synthesized.
These compoundsform stable chelate complexeswith
thenumerousactivemetds, including zinc, copper iron,
nickel, cobalt, a uminium and bismuth, and areusedin
spectrophotometric determination of e ementg*9.

Commonly, the analytical methods for the
guantitation of zinc are neutron activation analysis
(NAA), atomic absorption spectrometry (AAS) and
inductively coupled plasmamass spectrometry (ICP-
MS), which all base on expensive and sophisticated
instruments. Inductively coupled plasmaatomic emis-
sion spectrometry (ICP-AES) isone of the most used
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techniquesfor the determination of zinc. Themost sen-
stivelinefor Znis213.856 nm. However, this line ex-
hibitsspectra interferencesfrom elementslikeFe, Ni,
and Cu®.

Zn(Il) inbiological materid, food produceand phar-
maceutica preparationswasdetermined using fluoro-
metric methods®¥ and atomi ¢ absorption spectropho-
tometry (AAS)™*U. In pharmaceutical preparations,
Zn(11) wasdetermined by the azo-derivativesof 1,2,4-
triazolel® and benzimidazole*¥, PAN[I415)
1-(phenylo-2-pirydylo) car-bylideno-5-
sdlicylidenotiocarbohydrazone®l. Zn(I1) occurringin
conjunction with other elementsin multivitamin phar-
maceutical preparation—VitrumR wasdetermined us-
ing Metrian derivatives’2,

N-undecyl-N*- ( sodium p-
aminobenzenesulfonate)- thio-urea ( UPT ) which
formstherelatively most stable complex with zinc.
Therefore, wedecided to examineitsusefulnessinthe
membrane phase preparation of azinc-selective elec-
trode.

EXPERIMENTAL
Reagentsand Materials

Chloridesof zinc, nickd, cobalt, calcium, magne-
sium, cadmium and sodium, hydrogen peroxide, am-
monia solution, sodium hydroxide, TEHP [ tri-(2-
ethylhexyl) phosphate] and PV C were obtained from
Aldrich Chemical Company ( Inc., Milwaukee,
WI,USA). Sulfuric and hydrochloric acidsand TBP(
tributyl-phosphate) from Merck (Darmstad, Germany).
The pharma-ceutical formulationscontaining zinc are
Gazintablets( TevaTuteur, Argentina), Zincopan tab-
lets ( Gunther, Brazil ) and both of (Biosanzink and
Vitazink) tabletswerefrom ( Biocur, Germany ).

Prepar ation of Solutions

Stock solutionsof zinc, nickel, cobalt, cadmium,
magnesium, calcium and sodium chloridesof 10 mol
L concentration were obtained by dissol ving weighed
amountsof corresponding saltsin water. Solutions of
102-10° mol L concentration were obtained by dilut-
ing stock solutions.

Standard zinc chloride solutionsused in zinc deter-
minationin pharmaceutica formulationswereobtained
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by dissolving acorresponding amount of thissaltin0.05
mol L*of NaCl and diluting.

Phar maceutical FormulationsMiner alization

Sol utionsused i n potentiometric measurementsand
the square wave voltammetry method were prepared
inthefollowing way: atablet of pharmaceutical formu-
lations(Gazin, Zincopan, Biosanzink and Vitazink) was
placed in aconical flask, 10 ml of 30 % H,O, were
added and | eft until the solution dissolved. Then, 1 ml
of concentrated H,SO, was added and the solution
heated until H,O, decomposed. Thisactivity wasre-
peated fivetimes. After themineralisationwasover, 15
ml of water and 5 ml of concentrated ammoniasolution
were added and | eft for 60 min. Thenthe solutionwas
filtered quantitatively into 200 ml volumetricflask and
diluted with water.

Electrode Construction

The € ectrode consists of abody and an exchange-
ablecylindrica teflon sensor containing aliquid-mem-
branephasewithaninternd Ag/Ag Cl referenceeec-
trode. Thedescription of thee ectrode constructionwas
presented as described before?4.

Active Substance of theL iquid-M embrane Phase

N-undecyl-N*- ( sodium p-
aminobenzenesulfonate)- thio-urea ( UPT ) isthe
membrane phaseactivesubstance. Thiscompound dis-
solvedwell in 10 % agueousalkaline solutions. This
substance gppearsintheform of white powder; it forms
stablewhitechel ate complex with zinc; itsstability con-
stant logK =10.9.

Prepar ation of thePotential Creating Phase

A mixtureof theoptimal weight composition 0.01g
active substance [ Zn (UPT ), ], 0.35g TBP, 0.35¢g
TEHPand 0.06g PV C congtitutethe el ectrode’s mem-
brane phase. The mixturewas de-aerated; ateflon sen-
sor withanAg/AgCl eectrodewasfilledwithitand
gelated at thetemperature of 373 K for about 13 min.
After themixture had become col der, the el ectrodewas
conditioned for about 30 minin 10°mol L Zn(I1) so-
lution.

M easur ements of the Electromotive Force

Themeasurementsof thee ectromotiveforceof the
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system consisting of azinc electrode and areference
electrode Orion 90-02 was carried out at room tem-
peraturein asolution stirred with amechanica stirrer
by meansof aMultifunctional Computer Meter CX 721
( EImetron), which made measure-mentspossibleto
an acZnracy of 0.1 mV. This device enables the re-
cording of EMF changeswith time. The stable bridge
of thereferenced ectrodewasfilled with Orion 90-00-
01 solution containing 1.7 mol L*KNO,, 0.64mol L™
KCI,0.06 mol L-*NaCl and 1 ml of 37 % HCHO. The
voltammetric measurements were made using the
method of standard additions of the sample. Polaro-
graphic analyser Model 384B, EG & G PrincetonAp-
plied Research, was used. The measurements were
made on ahanging mercury drop el ectrode; 0.01 mol
L*NaCl wasthebase electrolyte.

RESULTSAND DISCUSSIONS

In order to estimate the anal ytical usefulnessof the
obtained zinc dectrodeitsbasic analytical parameters
were established. Thedopeof characteristics, thede-
tection limit, sel ectivity, responsetime and the depen-
denceof thedectrode’s potential on the pH of the so-
lution.

Calibration curves

Thezinceectrode’s calibration curves determined
inZn (1) solutionsand ininterferingions sol utions of
concentration 10*-10°mol LaregiveninFigure 1.
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Figure 1 : Calibration Curves of zinc Electrodes;
(B)Zn,(c)Cu,(D)Cd,(E)Ni,(F)Coand (G)CaCations

Thezinceectrode’s slope of characteristics is 29.5 mV
pa,, *, thedetectionlimitis7.3x 10°mol L*and the
measuring rangeis 10— 102mol L.
Theanalytica parametersof thezinceectrodeare
presented in TABLE 1.
TABLE 1: Analytical parametersof thezinc electrode

Characteristics slope/ mV paz, 295+0.1
Intercept / mV -79.8+ 0.5
Detection limit / mol dm?®, pg cm® 7.3x10°0.38
Measuring range/ mol dm> mgem?® 10%-7.3x 103 6.73-
0.00038
Responsetime/ s 12
Lifetime/d 50
Range of pH 45-75

Selectivity of the Electrode

Thesdectivity of theeectrode under examination
wasmeasured by establishingitsselectivity coefficients
with referencetointerferingions. The selectivity coeffi-
cientsweredetermined by the separate sol ution method
or by theM PM ( matched potential method ) proposed
by Christian and Gadzekpo® using thefollowing equa
tions

E.-E. ,z pot a;

|ngi?0t=T—(?—l)|Ogai’ znm = aZi/Zj
] j

Inthe separate sol ution method, withtheEMFvdue
at thezinc (11') concentration 10° mol L-*and theac-
tivity value at the potential —160 mV. For the MPM
method, theequatioisthefollowing:

pot _ &
ZnMm — i | 7
a?'?
Theresultsobtained are presented in TABLE 2.
TABLE 2: Selectivity coefficientsof thezinc electrode

pot Separ ate solution method

KZn/M Ei=E a =g MPM
CuCl, 0.312+0.011 0.382+0.02 0.321+0.02
CdCl, 0.265+0.009 0.315+0.01 0.270+0.010

NiCl, 0.252+0.007 0.303+0.01 0.252+0.010
CoCl, 0.086+0.004 0.132+0.003 0.073+0.005
CaCl, 0.012+0.0005 0.035+0.001 0.011+ 0.0006
MgCl, 0.010+0.0006 0.021+0.001 0.004 + 0.0002
Response Time

Theresponsetime of the examined el ectrodewas
established by injecting concentrated standard solution
intointensvely stirred Zn(11) solution. Simultaneoudly,
changes of the SEM system zinc el ectrode-reference
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electrodewererecorded. After injecting concentrated
standard, the solution was diluted with water (1:1).
Solutionsused to establish theresponsetime of theex-
amined e ectrode conformed to the following condi-
tions: ¢, : ¢,=1:100, v, : v, = 1: 20 Wherec, isthe
concentration of the sample, c,, the concentration of
the standard, v, the volume of the sasmpleand v, the
volume of the standard. The obtained resultsare pre-
sentedinFigure2.
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Figure2: Response Timeof Zinc Electrode
Dependenceof EMF on pH

Because of the chemical character of zinc sdltsthe
dependence of the el ectrode’s potential on pH was es-
tablished. To achieve thisaim, HCl or NaOH drops
wereadded to the examined Zn(11) sample of concen-
tration 10° mol L. After each addition of theacid or
base, the solution’s pH was measured and then, after
theed ectrode’s response stabilised, the ratio of the EMF
of thesystem examined zinc e ectrode/ reference el ec-
trodewasread.

The dependence of the EMF onpH ispresented in
Figure 3. The decreasein potentialsabove and below
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Figure3: Effect of pH on Response of Electrodeto Zinc
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these pH values( 4.0— 8.0 ) may be due to non-com-
plete complex formation or the hydrolysisof zincion.

Lifetimeof theElectrode

Theprepared e ectrode’s analytical usefulness time
was tested by measuring slopes of characteristics of
thedectrodeskept inair. Themessurementsweremade
systematically, usually every 10 days, in freshly pre-
pared Zn(11) solutions. On the basis of the obtained
resultsit wasnoticed that thed ectrode’s lifetime is about
7 weeks.

Zinc Determination
Formulations

Inorder totest theandytical usefulnessof theeec-
trode, zinc determinationin pharmaceutical formulations
was conducted by using it. The method of standard
additionsof thesampleandthecdibration Curvemethod
wereused. Theresults obtained were compared with
those obtai ned by the square wavevoltammetry method.
Thedetermination’s results and their statistical evalua-
tionarepresentedin TABLE 3.

TABLE 3: Resaultsof zincdeter mination in the phar maceuti-
cal formulations

in Pharmaceutical

Deter mination Samples Producer's Zn™ found/ Relative V
method data mg _error (%) (%)?
Calibration curve  Galzin tablets™ 20.0 20.54 270 1.30

15.0
15.0
10.0
20.0
15.0
15.0
10.0
20.0
10.0

15.06
15.12
10.08
21.52
15.02
15.24
10.18
20.78

0.40
0.80
0.53
7.60
0.13
1.60
1.80
3.90

1.22
112
1.06
114
1.05
111
113
116

Zincopan tablets @
Biosanzink tablets®
Vitazink tablets®
Galzin tablets®
Standard additi_on in z ncopan tablets @
the samplewith g o ink tablets®
dilution
Vitazink tablets®
Galzin tablets”
Zincopan
Biosan zink®
Vitazink®
Zincopan tablets @
Biosanzink tablets®
Vitazink tablets®

Voltammetry

15.0
15.0
10.0

15.14
15.10
10.24

0.93
0.66
2.04

113
1.09
1.16

on-1

ayv = x 100 %.

(1) TevaTuteur, Argentina.
(2) Gunther, Brazil.
(3) Biocur, Germany.

CONCLUSION
Inthecourse of theresearch, an optima composi-

tion of the potential creating phase of thezinc function
electrodewasdescribed. Thiselectrodeis character-
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ized by good andytical parameters. for theNernst dope
of thecharacterigtics, short responsetimeand relatively
long lifetime. Theexamined dectrode’s analytical
parametersarepresented in TABLES 1 and 2.

In comparison with thezinc function el ectrodesde-
scribed earlier, the electrode described in this paper is
characterized by the shortest responsetimeand low
detection limit. These parameters, to alarge extent,
account for theelectrode’s analytical usefulness.

The electrode was used for the determination of
zincionsinfour different, commonly used pharmaceu-
tical formulations. Two different methods were em-
ployed: the calibration curve method and the standard
additionsmethod. Ananaysisof theresultsof zincde-
termination in pharmaceutical formulations samples
showsthat the tandard additionsmethodisdightly less
religble: thiscould resultsfromthe essentid part of this
method, double EM F measurement. Therefore, the
caibration curvemethod isrecommended in zinc de-
termination. After repeating this method for severa
times, theerror isno bigger than 3 %. Theresults ob-
tained werecompared with those presented by the pro-
ducers of the pharmaceutical formulations and those
obtained with the voltammetric method. Inall casesthe
quality of resultswas satisfactory, which confirmsthe
analytical usefulnessof the e ectrode described.

Thezincfunction € ectrodeischaracterized by good
anaytical parameters: it can be used both in pharma-
ceutical industry laboratoriesand in research laborato-
ries. ltsuseshortensthetimerequired for analyseswith
no effect ontheresults’ precision reliability.
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