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ABSTRACT

The B-correction method for the spectrophotometric determination of zinc
based on colour reaction with PAR is proposed. The use of this modifica-
tion improved the precision and accuracy of the method. Using the 3-cor-
rection method zinc was determined in range 0.5-10ppmwith limit of detec-
tion 0.07ppm. The RSD% of determination was0.35% at Sppm level.
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INTRODUCTION

UV-Vis spectrophotometry is one of the most
common instrumental technique used in analytical
laboratories. Its popularity is caused by many valu-
able properties such as precision and accuracy of
measurements, fast and easy operation and anal yti-
cal friendly procedures. The main disadvantage of
spectrophotometric determination isitslow selec-
tivity. Spectrophotometric assay of analytein com-
plex mixture usually required some additiona opera-
tion asaseparation from matrix, masking reactions
or at last ause of mathematical corrections. Thelast
mentioned group of removing interferences bel ongs
to non-invasive techniques which operate on re-
corded spectra. One of them is a -correction
method invented first time by Gao et. a¥. The b-
correction technique bel ongsto the methods of back-
ground correction, which derive from dual-wave-
length spectrophotometric procedure!™. It isused for
elimination of interference caused by an excess of
the coloured ligand and to determinethereal absor-
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bance of the chelate formed. The application of the
[3-correction enabl ed to obtain the better sensitivity,
precision and accuracy then theusua procedure. This
approach was used for determination of berylliumin
waste water!y. The same author used the b-correc-
tion method for the spectrophotometric determina-
tion of calcium. Wrobel et. al.®! applied the -cor-
rection techniquefor the determination of magnesium
in human serum. Thisapproach wasapplied success-
fully for theinvestigation of propertiesof the noble
metal s complexes™. The b-correction was used for
improving selectivity and sensitivity of spectropho-
tometric determination of zirconiumion®. Recently
the combination of 3-correction with PLS method
was proposed for s multaneous determination of zinc
and lead in theform methylthymol blue complexes®.

In the presented work, the mentioned method
was applied for the determination of zincintheform
of complexeswith PAR aschelating agent. Zincis
the common element, which playsimportant rolein
living organisms, thereforeit always occursin multi-
vitaminsor multiminerals pharmaceuticals. TheUS
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Pharmacopoei d” recommendsfor its determination
AAS-technique or extractive-spectrophotometric
methods. The most popular procedure applied for
standard determination of zinc(ll) ion isthe extrac-
tive-spectrophotometric method based on genera-
tion of dithizone complexes®.

Theaim of the presented work isto develop the
smple, sensitiveand accurate method for zinc (11) ion
determination using PAR asthe complexing and chro-
mogeni c agent. PAR ((4-2(-pyridylazo)-resorcinal) is
the colour, water solublereagent which belongsto the
azo-dyes commonly used for analysis of d-electron
metal iong®. The spectrophotometric methods based
on complexation reaction with these reagents are
characterised by high sensitivity but low selectivity!®.
Additiona disadvantageisaninterference caused by
an excess of used colour reagent. The B-correction
procedure proposed in presented paper isavery effi-
cient approach which allowsto avoid or minimisethe
effect connected with the presence of unreacted colour

reagent.
MATERIALSAND METHOD

Reagents

PAR (4-2(-pyridylazo)-resorcinol, monosodium
salt, stock solution: the aqueous (0.025%) stock solu-
tion of PAR was prepared from the pure product
(SIGMA) by dissolving an appropriateweightin 11 of
doubledistilled deionised water.

Standard zinc(11) solution, (1000ppm) was pre-
pared by dissolving an appropriateweight of ZnCl, in
redistilled deionised water. Theworking solutionswere
prepared just before use by an appropriatedissolving
inredigtilled deionised water.

Boratebuffer pH 9.11 prepared by mixing 90 ml of
0.05M solution of Na,B,0,and 10ml 0.5M H,BO,
solution.

Apparatus

A Hewlett-Packard HP-8452A diode array spec-
trophotometer coupled to the User Datavers on soft-
warewas used for the acquisition and storage of spec-
tral data. The 1.0cm quartz cuvette was used for the

spectrd anayss.
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Procedures
Calibration curve

An appropriatealiquot of zinc, theequivalent to
0.5-10ppmwas placed into a10ml calibration flask,
then 2ml of boric buffer (pH 9.11) and 2ml of PAR
(concentration 0.025%) were added. Next the mixture
wasfulfilled to themark with deionised redistilled wa-
ter. The absorbance (A’and A) at A=414 and 494nm,
respectively wasrecorded inalcmcdl againgt mixture
of reagentswithout metal ionsasablank. Calculate A
from equation (2) and usethisvauefor quantification
of zinc contents.

Samplepreparation
Multivitamin tabletsmulti tabs

Not lessthan 10 tablets, each included 10mg of
zinc, Img of manganese, 15mg of iron and additionaly
cooper (1mg), selenium (20mg), chromium (20ug), io-
dide(70mg) and organicmatrix: vitaminsA, B, C,D, E,
starch, microcrystalline celluloseand someauxiliary
appetising substances werewei ghed and finely pow-
dered. An accurately weighed portion, equivalent to
about 10 mg of zinc, was transferred into a 1000ml
calibrated flask and diluted to volumewith deionised
water. The powder wascompletely disintegrated by a
mechanica shaker, and solutionwasfiltered. 1ml of such
prepared tablet’s solution was transferred into a 10-ml
cdibrationflask, 1ml of 10ppm solution of sodium phos-
phate (V) and 1ml of 40ppm solution of sodium citrate
wereadded. Next absorbanceswererecorded accord-
ing to procedure described in the calibration section.

RESULTSAND DISCUSSION

Thetheoretical base

Thereaction of Zn(l1) with colour reagent (PAR)
can bepresented asfollow:
aPAR? +bZn? > bZn(PAR), + (a-20)PAR?
whereaand b aretheinitid amountsof ligand and metal
ion, and (a-2b) isan excessof ligandinthesolutionin
the equilibrium state. The absorption spectraof both
PAR andtheZn-PAR complex areshowninfigure. As
can be seen from figure the real absorbance of com-
plex islower thenthat of thereaction solution. In order
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to measurethetrue value of complex absorbance, the
b-coefficient isdetermined. It isexpressed by thefol -
lowing equation:

b=A /A=A /A, )
where A, and A’ absorbance of PAR measured at
A, =494 and ).,=414 against water asreference.

Therea absorbance of chelateis computed from

thefollowing equation:

Ab=A-bA’

WhereA -absorbance of complex at 494 nm measured
against thereagent blank;

A’-absorbance of complex at 414 nm against reagent
blank.

Thefigure showsthat if |, and |, are selected as
minimum and maximum of absorbance spectrum of
complex, thesengtivity of determinationisthebest. The
valuesof Ab can be used for the quantification of zinc
contents using the relationship between Ab and con-
centration of its standard solutions. The absorption
maximum and minimum of Zn-PAR aremeasured at
414 and 494nm, respectively. The value of b coeffi-
cient calculated from the spectrum 1isequal 0.2899.

Chemical variables

The run of reaction PAR-Zn(I1) ion depends on
reagent concentration, pH of reaction mediumandkind
of used buffer. Inorder to find the optimum conditions,
theinfluencesof thereaction variableson absorbance
of reaction solutionwerestudied. Theexperimentswere
carried out using therecommended procedure. Because
PAR createsin dkaine solution diverse negativeion,

0,4

mOZromIownm>
o
(23]
gy

]
(S}

01 L==_-=

400 700
WAVELENGTH . nm

Figurel: Thespectraof PAR (0.025%) vs. water -curvel,

theexcessof reagent (Theor etical curve?2), complex PAR-Zn

vs water (C,, = 5ug/ml)-curve3, complex PAR-Zn vs. reagent

blank (C, =5ug/ml)-curve4.
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initidly theinfluence of reaction medium pH was stud-
ied. For this purpose the ammonia, boric and phos-
phoric bufferswere examined. The absorbanceof in-
vestigated complex wasfound to be stable and maxi-
mal in boricbuffer at pH 9.11. Thechosen optimal vol-
umeof used buffer was2ml in 10-ml total volume. The
effect of PAR concentration wasa so investigated. For
this purpose were provided experimentswith constant
concentration of studied ion (1ppm), pH of reaction
medium equal 9.11 and with variable concentration of
thecomplexationreagent. Theandyticd Sgnd increases
withtheincreaseinthereagent concentration uptothe
concentration of PAR equals 0.005%, above, that it
slightly decreases. So the concentration of PAR at
0.005% was appliedfor further experiments.

Under theexperimenta conditionsdescribed above,
the calibration graph for investigated ion was con-
structed. TABLE 1 gives the equation obtained and
other figures of merit, such aslimit of detection (S)",
correlation coefficient and range of linearity. Inorder to
estimatetheprecision (RSD) of themethod, replicate
samples (n=5) containing 1ug/ml of zinc were mea-
suredindividualy.

Effect of foreignions
Theeffect of foreignionsand compoundswhich

TABLE 1: Analytical characterigtic of elabor ated method

Quantification range /ug/ml 0.5-10

Equation of calibration curve y = (6.62x10%1.75x 10
x+2.41x10 +9,08x10™

Correlation coefficient 0.9999

RSD (%), n=5 (at Sug/ml level) 0.35

Limit of detection/ug/ml (taken as 0.07

— [9 .
s =a+3s,)
Limit of quantification/ug/ml 0.25

(taken as 5 =a+10s,5)

TABLE 2: Theresultsof zinc(11) determination in multivita-
min prepar ation by b-correction method

Found by described Found by dithizone

Zn(l1) content method (n=5 method® (n=5
replications)/mg replications)/mg
10.01 10.35
Declared value/mg 10 10
Relative error (versus
declared value) +01 *35
RSD/% 0.29 6.43
. . .
Confidence interval + 0025 + 0,063

t0.958
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can befound in multivitamin formul ation on results of
the determination with b-correction was studied. Syn-
thetic sol utionscontaining 1ug/ml of theinvestigatedion
and variousamounts of foreign substanceswere mea-
sured. Thetolerancelimit wastaken asthe concentra-
tion of theforeignion caused an error below 5%inthe
resultsof the determination of the studied ion concen-
tration. Theobtained results showed that the most com-
monionspresented usudly inmultivitaminformulations
do not influence on the results of the determination of
zinc. Themost seriousinterferenceiscaused by ions,
which create stable complexeswith PAR ase.g. Cu?,
Fe*, Mn?*, Ni?*. In order to reduce theinterference of
diverseionsthe 1ml of 40ug/ml solution of sodium cit-
rateand 1ml of 10ug/ml solution of sodium phosphate
(V) were added to reaction solution. The none of fol-
lowingionsaffected direct determination: Na', K+, Ca*,
Mg*, I Cl, SO%, . The other trace components of
pharmaceutica likesdenium or chromiumionsdueto
their minuteamount in preparation do not interferewith
zinc assay. Theorganic compoundsof theinvestigated
pharmaceuticalsalso do not influence the determina-
tion.

Analysisof real samples

The content of zinc wasdetermined inthetabletsof
themultivitamin preparation Multi tab in order to com-
pletevalidation of daborated method. For thispurpose
fiveindividual sampleswere determined. The same
samplesweredetermined by classicd singlewaveength
dithizone method®. Theresultspresentedin TABLE 2
show that using the b-correction method the more pre-
ciseand accurate resultswere obtained. Theerror of
determination doesnot exceed +0.1%.

CONCLUSIONS

The b-correction method has been applied suc-
cessfully tothedetermination of zincintheformof colour
complexes in presence of complicated matrix. The
method issmpleand fast and alowsto obtain the bet-
ter resultsthen class cd single-wave ength method.

REFERENCES

[1] H.W.Gao, PF.Zhang; Annal.Proceed., 31, 85
(1994).
[2] H.W.Gao; Chem.Anal.(Warsaw), 39, 699 (1994).
[3] K.Wrébel, B.Kwiecinska, B.Godlewska, A.Hula-
nicki; Chem.Anal.(Warsaw), 40, 632 (1995).
[4] H.W.Gao, N.L.Hu, H.F.Zhou, M.L.Zhang; Chem.
Ana.(Warsaw), 46, 75 (2001).

[5] A.Abbaspour, L.Baramakeh; Talanta, 57, 807
(2002).

[6] J.Ghasemi, S.Seifi; Taanta, 63, 751 (2004).

[7] United States Pharmacopoeial, New York, (1998).

[8] Z.Marczenko, M.Balcerzak; Spectrophotometric
Methods in Inorganic Chemistry, ed., PWN, War-
saw, (1998).

[9] J.CMiller, J.N.Miller; ‘Statistics for Analytical
Chemistry’, 2™ ed., EllisHorwood Ltd., Chichester,
115 (1988).

Hnalytical CHEMISTRY  Commmm
A udéan Journal



