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Abstract

H-point standard addition method, HPSAM, with simultaneous addition of three analytes is proposed for the resolution of ternary mixtures. It is a
modification of the previously described H-point standard addition method that permits the resolution of three species from a unique calibration set
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y making the simultaneous addition of the three analytes. The method calculates the analyte concentration from spectral data at two
here the two species selected as interferents present the same absorbance relationship. These wavelength pairs are easily found, and

o give the most precise results. Diethyldithiocarbomate (DDC) in a cationic micellar solution of cetyltrimethylammonium bromide (CT
sed for determination of Fe(II), Co(II) and Cu(II) at pH 5.50. The results showed that simultaneous determination of Fe(II), Co(II) a
ould be preformed in the range of 0.0–6.0, 0.0–8.0 and 0.0–12.0�g ml−1, respectively. The proposed method was successfully applied
imultaneous determination of Fe(II), Co(II) and Cu(II) in several synthetic mixtures containing different concentration of Fe(II), Co(II) an
2005 Elsevier B.V. All rights reserved.
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. Introduction

Iron, cobalt and copper have some similar chemical behav-
or and appear together in many samples, especially alloys.
ue to the industrial facilities, heavy metal contents in environ-
ental samples increase unfavorably. So accurate and reliable
nalytical methods possessing high sensitivity and selectivity
oupled with convenience and economy for the determination
f heavy metals are required. Several analytical techniques such
s X-ray fluorescence (XRF)[1,2], neutron activation anal-
sis (NAA) [3], inductively coupled plasma-atomic emission
pectrometry (ICP-AES)[4,5], atomic absorption spectrometry
sing either flame (FAAS)[6,7], or electrothermal atomiza-

ion (ETAAS)[8,9], chromatography[10–12], electroanalytical
echniques[13–15], UV–vis spectrophotometry[16–20] have
een used for the multielement analysis in different matrices.
ome of these methods are not convenient for routine anal-
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ysis of large sets of samples because of their high cos
in some cases low sensitivity and selectivity. So demand
more sensitive and less expensive methods have been m
analytical chemistry especially where rapid analysis is nee
Despite of the success of AAS and ICP-MS techniques
is still great interest in the application of spectrophotome
methods in determination of metal ions, due to both the ra
ity and simplicity of the technique. However, the simultane
determination of multielements by the use of traditional UV
spectrophotometric techniques is difficult without any sep
tion processes because of overlapped absorption spectra. H
standard addition method (HPSAM), which is a modifica
of the standard addition method, permits both proportiona
constant errors produced by the matrix of the sample to be
rected directly. The fundamentals of HPSAM were outlined
Bosch Reig and Campins Falco in 1988[21]. It permits the
determination of two species with extensively or even c
pletely overlapping spectra[22]. Absorbance increments we
used where only the analyte concentration was required[23].
This variant allows the elimination of the blank bias error
to the use of absorbent blank[24,25]. In addition, it has bee
039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2005.08.038
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applied to HPLC[26,27]and to the analysis of kinetic data[28],
with an additional variant, time. The basis of the method has
also been developed for the use of spectroflourimetry and syn-
chronous spectroflourimetry[29]. The method is also of use
when the interferents are not known[30]. In this way, the gen-
eralised H-point standard additions methods (GHPSAM) have
been proposed[31]. HPSAM is also used in electroanalytical
techniques[32] and in the studies of chemical equilibria sys-
tems[33]. It is also developed for resolution of binary mixtures
with simultaneous addition of both analytes[34].

The basis of the HPSAM for spectrophotometric determi-
nation of ternary mixtures was established in 1995[35]. The
method calculates the analyte concentration from spectral data
at two wavelengths where the two species selected as interfer-
ents present the same absorbance relationship. In this variant of
HPSAM, in order to obtain the concentration of all three ana-
lytes, the standard addition method should be done individually
for every analyte and a calibration line for each analyte should be
plotted. However, this methodology can be simplified by using
a single calibration graph with simultaneous standard additions
of three analytes.

The ability of micellar systems to solubilize a wide variety of
compounds, which are insoluble or springly soluble in water, is
one of their main properties. As a consequence of incorporation
in a micellar structure, the chemical equilibria, the reactivity as
well as spectral and electrochemical responses of the substrates
c to b
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In this work, the HPSAM is developed in order to make
simultaneous standard addition of three analytes to obtain their
concentration from a unique calibration set. To the best of our
knowledge this is the first report on the simultaneous standard
addition of three species for using ternary version of HPSAM.
Iron, cobalt and copper are determined simultaneously using
DDC as complexing agent in micellar medium of cetyltrimethy-
lammonium bromide (CTAB) with simultaneous addition of
three species without any pretreatement processes.

2. Theoretical background

ConsiderS as a ternary mixture consisting of the compounds
X, Y andZ. Absorbance of the sample at each wavelength will
be the sum of the individual absorbances of the speciesX, Y and
Z at this wavelength:

AS,j = εX,jC
0
X + εY,jC

0
Y + εZ,jC

0
Z = A0

X,j + A0
Y,j + A0

Z,j

(1)

whereεX,j, εY,j andεZ,j are the molar absorption coefficients for
the speciesX, Y andZ atλj; C0

X, C0
Y andC0

Z are the concentration
of the speciesX, Y and Z in the sample;A0

X,j, A
0
Y,j andA0

Z,j

are the individual absorbances of the speciesX, Y andZ in the
sample.

For ternary mixtures, the method can calculate the concen-
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an be drastically altered. These properties have proved
ery useful in many areas of analytical chemistry, such as
ration techniques or determination based on spectral me

36,37]. Many of the analytical applications using micellar s
ions involve determination of metal ions via their complexa
ith suitable ligands[37]. In the case of uncharged metal co
lexes, solubilization in micellar solutions can be describe

erms of distribution equilibria between the micelles and a
us phase, in which the micellar phase plays the same ro

he organic solvent in liquid–liquid extraction[38–40]. Micelles
an enhance the sensitivity of spectrophotometric proce
nd analytical use can also be made of other effects su
ariations of equilibrium constants, micellar analysis, spe
hifts, and co-solubilization of samples, reagents, and pro
41–44]. To determine several metal ions using their col
omplexes by UV–vis spectrophotometry cationic surfact
45–47] are used rather than anionic or non-ionic surfacta
ince the electrostatic attractive interaction between meta
nd cationic surfactants is not present, and the process,
etal ion combines with chelating agent to form a comple
ot affected.

The increasing important of the use of iron, cobalt and co
n widely different fields, particularly in metallurgy has mad
ecessary to develop simple, inexpensive and sensitive me

or the determination of traces of these ions in different sam
iethyldithiocarbomate (DDC) combines with iron, cobalt
opper ions to form metal complexes[48]. These complexes d
ot dissolve in aqueous solutions, so it is necessary to do
ent extraction. Micellar systems are convenient to use be
hey are optically transparent, readily available and s
48].
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ration of an analyte, for example the speciesX, in the pres
nce of the other two speciesY and Z, from spectral data

wo wavelengthsλX(1) andλX(2), where the two other speci
elected as interferents present the same absorbance relat
35]:

AY,X(1)

AY,X(2)
= AZ,X(1)

AZ,X(2)
= rY,Z (2)

he factorrY,Z allows the transformation of the analytical s
als forY andZ at λX(1) andλX(2) into a null slope line. Thes
avelength pairs allow the determination of any analyteX in the
resence of the two interferences simultaneously. The H-
an be obtained by intersecting the line measured at wavel
X(1) and the line obtained by multiplying the graph at wa

engthλX(2) and the compensating factorrY,Z. The calculation
f the unbiased analyte concentration can be made from
bscissa of the H-point:

CH(X) = A0
X,X(1) − rY,Z × A0

X,X(2)

rY,Z × MX,X(2) − MX,X(1)
(3)

here the superscript zero denotes the sample solution.
In this work, we used the benefit of the simultaneous stan

ddition of the three speciesX, Y andZ, in order to obtain the
oncentration in the sample from a unique calibration set.
equired data to apply the method are the absorbance of s
nd the absorbance of the sample spiked with known amou
, Y andZ species at previously selected wavelengths.

Suppose thatλX(1) andλX(2) are selected according to Eq.(2).
he relation of the added concentrations between specieX, Y
ndZ, Ci

Y /Ci
X andCi

Z/Ci
X is the same in all the solutions p

ared to apply the method (because the additions are mad



1530 M. Hasani et al. / Talanta 68 (2006) 1528–1535

a standard mixture of three analytes). Then, the equations of
the lines that describe the absorbance of the successive standard
additions by application of the HPSAM versus the added con-
centration of analyteX at two previously selected wavelengths
will be:

ForλX(1):

AX(1) = A0
X,X(1) + A0

Y,X(1) + A0
Z,X(1) + MX,X(1)C

i
X

+ MY,X(1)C
i
Y + MZ,X(1)C

i
Z

= A0
X,X(1) + A0

Y,X(1) + A0
Z,X(1) + MX,X(1)C

i
X

+ MY,X(1)
Ci

Y

Ci
X

Ci
X + MZ,X(1)

Ci
Z

Ci
X

Ci
X

= A0
X,X(1) + A0

Y,X(1) + A0
Z,X(1)

+
[
MX,X(1) + Ci

Y

Ci
X

MY,X(1) + Ci
Z

Ci
X

MZ,X(1)

]
Ci

X

i = 0, 1, . . . , n (4)

ForλX(2):

AX(2) = A0
X,X(2) + A0

Y,X(2) + A0
Z,X(2) + MX,X(2)C

i
X

+ MY,X(2)C
i
Y + MZ,X(2)C

i
Z

= A0
X,X(2) + A0

Y,X(2) + A0
Z,X(2) + MX,X(2)C

i
X

+ MY,X(2)
Ci

Y

Ci
X

Ci
X + MZ,X(2)

Ci
Z

Ci
X

Ci
X

= A0
X,X(2) + A0

Y,X(2) + A0
Z,X(2)

+
[
MX,X(2) + Ci

Y

Ci
X

MY,X(2) + Ci
Z

Ci
X

MZ,X(2)

]
Ci

X

i = 0, 1, . . . , n (5)

whereAX(1) andAX(2) are the measured absorbance at the two
previously selected wavelengths;MX,X(1), MY,X(1) and MZ,X(1)
andMX,X(2), MY,X(2) andMZ,X(2) are the slopes due to the addi-
tion of species ofX, Y and Z in the lines obtained atλX(1)

andλX(2); Ci
X, Ci

Y andCi
Z are the concentration of speciesX,

Y and Z added in thei solutions;n is the number of addi-
tions. Wheni = 0 corresponds with the solution where only
exists sample. If we multiply Eq.(5) by the value forrY,Z
obtained in expression(2), the following equation will be
obtained:

rY,ZAX(2) = rY,ZA0
X,X(2) + rY,ZA0

Y,X(2) + rY,ZA0
Z,X(2)

+
[
MX,X(2) + Ci

Y

Ci
X

MY,X(2) + Ci
Z

Ci
X

MZ,X(2)

]
Ci

XrY,Z

= rY,ZA0
X,X(2) + A0

Y,X(1) + A0
Z,X(1)

+
[
rY,ZMX,X(2) + Ci

Y

Ci
X

MY,X(1) + Ci
Z

Ci
X

MZ,X(1)

]
Ci

X

(6)

If we represent the analytical signal, absorbance at the two previ-
ously selected wavelengthsλX(1) andλX(2) versus the concentra-
tion added of speciesX, we will obtain two lines, with intercepts
A0

X,X(1) + A0
Y,X(1) + A0

Z,X(1) and rY,ZA0
X,X(2) + rY,ZA0

Y,X(2) +
rY,ZA0

Z,X(2) (= rY,ZA0
X,X(2) + A0

Y,X(1) + A0
Z,X(1)) and slopes:

MX,X(1) + Ci
Y

Ci
X

MY,X(1) + Ci
Z

Ci
X

MZ,X(1)

and

MX,X(2) + Ci
Y

Ci
X

MY,X(2)rY,Z + Ci
Z

Ci
X

MZ,X(2)rY,Z

The slopes obtained are the ones obtained if the addition was
made of analyteX alone, with the addition of a constant, which
depends on the relative concentration of each species in the stan-
dard and the absorbance of the speciesY andZ at the selected
wavelengths. Both lines intersect at the H-point, with the coor-
dinates (−CH(X), AH(Y,Z)) whereCH(X) is the unbiased analyteX
c
a
a

A

f

CH(X) = (A0
X,X(1) − rY,ZA0

X,X(2)) + (A0
Y,X(1) − rY,ZA0

Y,X(2)) +
(rY,ZMX,X(2) − MX,X(1)) + Ci

Y

Ci
X

(rY,ZMY,X(2) − MY,X(1)) +

w the
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t

−
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i trans-
f able,
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oncentration. If we operate in Eqs.(4) and(6), and taking into
ccount thatA0

Y,X(1) = rY,ZA0
Y,X(2) and A0

Z,X(1) = rY,ZA0
Z,X(2)

nd thenMY,X(1) = rY,ZMY,X(2) andMZ,X(1) = rY,ZMZ,X(2):

0
X,X(1) + A0

Y,X(1) + A0
Z,X(1)

+
[
MX,X(1) + Ci

Y

Ci
X

MY,X(1) + Ci
Z

Ci
X

MZ,X(1)

]
(−CH(X))

= rY,ZA0
X,X(2) + rY,ZA0

Y,X(2) + rY,ZA0
Z,X(2)

+
[
MX,X(2)rY,Z + Ci

Y

Ci
X

MY,X(2)rY,Z + Ci
Z

Ci
X

MZ,X(2)rY,Z

]

× (−CH(X)) (7)

rom where:

(A0
Z,X(1) − rY,ZA0

Z,X(2))

Ci
Z

Ci
X

(rY,ZMZ,X(2) − MZ,X(1))
= A0

X,X(1) − rY,ZA0
X,X(2)

rY,ZMX,X(2) − MX,X(1)
(8)

hereCH(X) = C0
X is the unbiased analyte concentration in

ample, because Eq.(8) depends only on variables related w
he analyte, it is equivalent to:

CH(X) = A0
X,X(1) − rY,ZA0

X,X(2)

rY,ZMX,X(2) − MX,X(1)
= −A0

X,X(1)

MX,X(1)
= −A0

X,X(2)

MX,X(2)

(9)

he incorrigible error due to the present of two interfere
n spite of their concentration are not constant, has been
ormed into a constant systematic error, which is easily valu
s the HPSAM basis predicts. In effect, if Eq.(9) is substituted
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in Eq.(4) or (6), we can prove thatAH(Y) is equivalent to:

AH(Y ) = A0
Y,X(1) + A0

Z,X(1) −
[

Ci
Y

Ci
X

MY,X(1) + Ci
Z

Ci
X

MZ,X(1)

]
CH(X)

= rY,ZA0
Y,X(2) + rY,ZA0

Z,X(2) −
[

Ci
Y

Ci
X

rY,ZMY,X(2) + Ci
Z

Ci
X

rY,ZMZ,X(2)

]
CH(X) (10)

The two wavelengths at which Eq.(2) is fulfilled are eas-
ily found, as it is derived from this equation, rewritten in the
following form:

AY,X(1)

AZ,X(1)
= rY,Z × AY,X(2)

rY,Z × AZ,X(2)
= AY,X(2)

AZ,X(2)
(11)

because in this caserY,Z will be the same for the compoundsY
andZ.

For analysis of a special analyte, i.e.,X, only spectra of the
speciesY andZ are needed. The quotient between both spec-
tra is then applied and the wavelength pairs that show the same
value for this quotient are sought. Although this relationship
depends on the concentration ofY andZ, it will be equal at the
two selected wavelengths, independently of the concentration
chosen from all possible wavelength pairs, it will be demon-
strated that for every analyte there are some pairs that provide
the best sensitivity. As the wavelength pairs, which obey Eq.
( ach
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3.3. Procedures

Two milliliters buffer solution pH 5.5, 5 ml of stock CTAB
solution (0.26), 1.6 ml of stock DDC solution (0.025 M) and
appropriate volume of Fe(II), Co(II) and Cu(II) were added to
10-ml volumetric flask and made up to the mark with water. For
each measurement, 2.5 ml of the above solution was transferred
to a spectrophotometric cell and absorbances were measured
at appropriate wavelengths. Synthetic samples containing dif-
ferent concentration ratio of Fe(II), Co(II) and Cu(II) were
prepared, and standard additions of Fe(II) (up to 6�g ml−1),
Co(II) (up to 10�g ml−1) and Cu(II) (up to 23�g ml−1) were
made. Simultaneous determination of Fe(II), Co(II) and Cu(II)
with HPSAM was performed by measuring the absorbances at
340, 409, 353, 406, 505 and 595 nm for each sample solution.
The concentration range of Fe(II), Co(II) and Cu(II) for con-
struction of HPSAM calibration graph were 0.0–6.0, 0.0–8.0
and 0.0–12�g ml−1, respectively.

4. Results and discussion

Diethyldithiocarbomate is frequently used as a photometric
reagent for Fe(II), Co(II) and Cu(II). The photometry in the vis-
ible range is quite easy because the free DDC dose not absorb
in the visible range. Interest in DDC is related to its chelat-
i ions
b lates.
T iron,
c rtain
e n,
t ghout
t in the

F
a

2), are known the optimization is easily performed for e
nalyte.

. Experimental

.1. Apparatus

UV–vis absorbance digitized spectra were collected
erkin-Elmer Lambda 45 spectrophotometer, using a
uartz cell, a scan rate of 480 nm min−1 and a slit width o
nm. The spectra were recorded between 320 and 700 nm
.2 nm. Measurements of pH were made with a Metrohm
H-meter using a combined glass electrode. The computa
ere made with a Pentium III computer.

.2. Reagents

All reagents were of analytical reagent grade and
ithout further purification. Triply distilled water was us

hroughout the study. A stock solution (1000�g ml−1) of
ron(II), cobalt(II) and copper(II) were prepared by disso
ng Fe(NH4)2(SO4)2·6H2O (Merck), Co(NO3)2·6H2O (Merck)
nd Cu(NO3)2·3H2O (Merck), respectively. A stock solutio
f diethyldithiocarbomate (0.025 M) was prepared by diss

ng sodium diethyldithiocarbomate (Merck) in ethanol (Mer
stock solution of cationic micellar (0.26 M) was prepa

rom N-cetyl-N,N-tri-methylammonium bromide (Merck). A
f the solutions were prepared fresh daily. A buffer of
.5) was prepared by using tris(hydroxymethyl)aminomet
Merck) and appropriate concentration of hydrochloric a
49].
ch

s

ng ability towards metal ions and to the analytical applicat
ased on the micelle enhanced absorption of its metal che
he absorption spectra of DDC and its complexes with
obalt, copper and their ternary synthetic mixture under ce
xperimental conditions are shown inFig. 1. As can be see
he spectra of the three complexes overlap severely throu
he wavelength range. Investigation was carried out to obta

ig. 1. Absorption spectra of (a) 0.41�g ml−1 Co(II), (b) 0.28�g ml−1 Fe(II)
nd (c) 0.53�g ml−1 Cu(II), and (s) mixture of them at pH 5.5.
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most favorable conditions for the simultaneous determination of
iron, cobalt and copper ions.

4.1. Optimization

The experimental variables were optimized by the univarite
method for each element separately. In preliminary experiments,
it was found that the complex formation kinetics of Cu(II) and
Co(II) with DDC in micellar medium of CTAB is quite fast but
the measured absorbance for the iron complex formation is a
function of time and depends on the concentration of CTAB.
Therefore, the effect of amounts of micelle on absorbance was
investigated. The concentration of the micelle was varied from
0.09 to 0.175 M and it was found that a stable absorbance was
obtained in 0.13 M of CTAB. At higher concentration of CTAB
the absorbance values decreased. So, for achieving the best sen-
sitivity and stability the 0.13 M of CTAB was chosen as optimum
concentration.

The influence of the pH values on the spectrum of each com-
plex at a constant concentration was investigated separately.
There were no significant changes in the spectrum of Co(II)
complex in the pH range of 3–8, but the spectrum of Fe(II) and
Cu(II) complexes showed change in absorbances at all wave-
lengths. The effect of pH range on Fe(II) and Cu(II) complexes
at theλmax of each complexes is shown inFig. 2. For achiev-
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s use
f the
m

to
i ces
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s ation
r anc
w

4

ions
c t and
c opti-
m exes
w on in

F e(II),
C

order to obtain the linear range over which the absorbance was
proportional to metal ion concentration. There exist a linear cor-
relation between the absorbances at theλmax of each complexes
and concentration of ions. Linearity observed was up to 0.0–6.0,
0.0–10.0 and 0.0–23.0�g ml−1 for iron, cobalt and copper ions,
respectively.

4.3. Wavelength selection

In order to resolve the mixtures of Fe(II), Co(II) and Cu(II),
the quotients between the spectra of Fe(II), Co(II) and Cu(II)
must be obtained, according to Eq.(3). Fig. 3 shows these
quotients. It must be noted that if the spectral behavior of the
two interferents is similar, then the quotients are obtained with

Fig. 3. Quotient between the spectra of Fe(II), Co(II) and Cu(II) with DDC.
ng the appropriate condition for applying HPSAM, pH 5.5 w
elected as an optimum pH. Several types of buffers were
or adjusting the pH and tris buffer (0.05 M) was found to be
ost suitable.
Absorbance of DDC-metal ion-CTAB has been found

ncrease with increase in the concentration of ligand. An ex
oncentration of ligand has been chosen to ensure quant
ubsequent formation of complexes in the whole the calibr
egion for three metal ions. The maximal and stable absorb
as gained with 0.004 M DDC.

.2. Individual calibration

After optimization of parameters, absorption of the solut
ontaining increasing amount of each ions (i.e., iron, cobal
opper) and a fixed (but excess) amount of the ligand in the
um condition at appropriate wavelength for each compl
as plotted separately against the metal ion concentrati

ig. 2. Effect of pH on the change in absorbance of the complexes of F
o(II) and Cu(II) with DDC.
d

s
e

e
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Fig. 4. H-point standard addition plots for calculation of the Fe(II)
(0.7�g ml−1), Co(II) (1.0�g ml−1) and Cu(II) (1.5�g ml−1) concentrations
from one calibration set.

some noise (Fig. 3b). However, where the spectral behavior o
the interferents is more different (Fig. 3a and c), the quotients
obtained are smoother. From these results, the wavelength pai
that show the same ratio of absorbance value in order to ca
culate the analyte concentration can be obtained. This metho
can be employed to determine any analyte in the presence o
a selected pair of interferents. The three best wavelength pair
(those that give the greatest value for the denominator in Eq.(3))
were selected. The three wavelength pairs, 340–409, 353–40
and 505–595 nm were applied for calculation of Fe(II), Co(II)
and Cu(II) concentrations, respectively.Fig. 4shows the H-point
standard addition plots for calculation of the Fe(II), Co(II) and
Cu(II) concentrations from one calibration set.

Table 1
Results of four replicate experiments for the analysis of Fe(II)–Cu(II)–Co(II)
mixtures (Fe(II) = 1.0�g ml−1, Cu(II) = 2.0�g ml−1 and Co(II) = 1.5�g ml−1)

Replicate Found (�g ml−1)

Fe(II) Cu(II) Co(II)

1 0.91 2.05 1.41
2 1.02 2.20 1.50
3 0.93 1.96 1.51
4 1.00 2.20 1.46
Mean 0.96 2.10 1.47
SCH 0.05 0.12 0.04

4.4. Reproducibility of the method

To check the reproducibility of the proposed method four
replicate experiments on a ternary mixture of Fe(II), Co(II) and
Cu(II) were done (Table 1). A good standard deviation was
obtained for Fe(II), Co(II) and Cu(II).

4.5. Accuracy

Several synthetic mixed samples with different concentration
ratio of Fe(II), Co(II) and Cu(II) were analyzed using HPSAM
with simultaneous addition of three analytes. As can be seen
from Table 2, the accuracy of the method is satisfactory.

4.6. Limit of detection

Limit of detection was calculated as LOD =CH + 3SCH,
whereCH andSCH are the mean and standard deviation of sev-
eral (n= 4) replicated measurements of a blank sample using
HPSAM with simultaneous addition of three analytes. The cor-
responding values obtained for Fe(II), Co(II) and Cu(II) were
0.01, 0.04 and 0.1�g ml−1, respectively.

4.7. Interferents

The effect of different ions at different concentration on the
a
m nce,
w ce of

T
R ures
i

S
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0
0
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0
1
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0
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f

rs
l-
d
f
s

6

bsorbance of a solution mixture containing 1�g ml−1 of each
etal ion was studied. An ion was considered as interfere
hich its presence produced a variation in the absorban

able 2
esult of several experiments for the analysis of Fe(II)–Co(II)–Cu(II) mixt

n different concentration ratios

ample (�g ml−1) Found (�g ml−1) Relative error (%)

e(II) Cu(II) Co(II) Fe(II) Cu(II) Co(II) Fe(II) Cu(II) Co(II)

.70 1.50 1.00 0.74 1.61 1.02 5.7 7.3 2

.20 2.00 2.00 0.20 1.96 1.95 0 −2 −2.5

.00 1.00 1.00 1.04 0.93 1.00 4 −7 0

.80 1.40 0.70 2.70 1.47 0.68 −3.6 5 −2.8

.22 2.20 2.20 0.23 2.18 2.20 4.5 −0.9 0

.26 2.70 1.80 1.31 2.58 1.83 3.9 −4.4 1.7

.00 0.20 2.80 1.97 0.22 2.98 −1.5 10 6.4

.98 2.10 1.40 1.03 2.05 1.39 5.1 −2.4 −0.7

.24 2.40 2.40 0.25 2.45 2.42 4.2 2.1 0.

.12 2.40 1.60 1.17 2.22 1.61 4.4 −7.5 0.6
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Table 3
Tolerance ratio for foreign ions in the determination of 1.0�g ml−1 of Fe(II),
Co(II) and Cu(II)

Ion Tolerated ratio

CHCOO−, phthalate, tartrate, citrate, ClO4−, SO4
2−,

CO3
2−, NO3

−, Cl−, I−, Br−
100

F−, P2O7
4− 60

Ca2+, Ba2+, Na+, K+, Sr2+ 100
Mn2+, Cd2+ 50
Zn2+, Al3+, Be2+ 30
Th4+, Cr3+ 4
Ag+, Bi3+ 1

Table 4
Results of analysis of Fe(II)–Co(II)–Cu(II) in synthetic alloys and spiked water
samples

Sample Fe(II) (�g ml−1) Co(II) (�g ml−1) Cu(II) (�g ml−1)

Present Found Present Found Present Found

Copper alloy 1.70 1.80 0.70 0.74 86.5 83.0
Beryllium

copper alloy
0.10 0.10 2.70 2.60 96.8 96.2

Tap water 1.50 1.47 1.00 0.92 2.00 2.02
Mineral water 2.00 2.04 0.50 0.55 1.00 1.04

the sample (at considered wavelengths) greater than±5%. The
tolerance limits are depicted inTable 3. The ions, which inter-
fere most strongly, were Ni2+, Fe3+ and Pb2+ because they form
colored complex with DDC.

4.8. Application of the method

The proposed method was successfully applied to the simulta
neous determination of Fe(II), Co(II) and Cu(II) in sipked water
samples and two synthetic samples that had composition pre
pared according to some alloys[50]. The results are shown in
Table 4. The spiked real environmental sample and syntheti
samples with complex composition according to real alloys were
considered as real samples. The good agreement between the
results and known values indicate the successful applicability o
the proposed method for simultaneous determination of Fe(II)
Co(II) and Cu(II) in complex samples.

5. Conclusion

Based on the results obtained, it has been shown that pro
posed HPSAM for resolving ternary mixtures calculate the
analyte concentration free from the abscissa of the H-point
The principal advantages of the method are: (1) absorbanc
data, and not first derivative data, are used; hence the signa
t kes
i for
m ectra
b sary
t the
i With
s

Z, we can obtain their concentration from a unique calibration
set.
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