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ABSTRACT

In this work, the simultaneous complexation of the bivalent elements (Ni**, Pb**, Cd**) by a
lacunar mixed heteropolyanion of Dawson type (axP,W; M0,0g-n1H20)'" was studied.
These elements are in couple (Ni%*, Pb%"), (Ni**, Cd**), and (Pb**, Cd**) in aqueous solutions.
From the characterization of UV visible spectroscopy, the stability of the formed complexes
[NiPbP,W;5 M0,]°”, and [CANiP,W;5 Mo,1®”, [CAPbP,W;5 Mo,]°~ according to the pH, the
time, and the temperature of the reactional medium was studied. The stoechiometry and the
constant of stability of these formed complexes were also given. From where it was noted
that new mixed compounds having rather high constants of stability were ended, thus they
could be steady to the elimination of heavy metals existing in water of industrial wastes.

Keywords: Heteropolyanions; Complexation; Heavy metals; Waters pollution; Spectrophoto-

metric methods

1. Introduction

Heteropolyanions (HPAs) of Dawson type [1] have
very remarkable structures and characteristics which
enable them to be the object of many studies. They are
of great interest in the catalysis as well in heteroge-
neous phase [2-4] as in homogeneous phase [5,6].
They are also used in chemical analysis, biochemistry
[7], medicine [8], environment, and the science of
materials [9,10]. It should be noted that these HPAs
are not toxic and non-polluting; they are also
employed for treatment of pollution [11] and electro-
catalytic reduction in nitrogen oxide: NO*~, NO, and
NO; [12,13]. A great number of HPAs were employed
like reagent chemicals in detection, separation, and the
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complexation of pharmaceutical and biological
elementary materials [14,15]. To carry out one of these
quoted uses (separation and complexation), various
samples of aqueous solutions containing heavy
metals like lead, nickel, and cadmium (Pb*", Ni**,
Cd**) were separated from water and were complexed
by a lacunar mixed HPA of Dawson type
(0pP,W15M0,061-nH,0)'0” in abrogated (0,P,W15Moy).

These heavy metals (Pb**, Ni*, and Cd?**) count
among the most widespread agents of pollution in the
areas with strong wurban center and industry.
Industrial water of rejections collects these various
pollutants in notable quantities. These latter constitute
the main issue for the environment. The difficulty in
separately proportioning two heavy metals present
in the same sample can be surmounted by calling
upon the spectrophotometric method. This work
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Fig. 1. Structures of HPAs.

studies the influence of the factors which control the
stability and the reactivity of heavy metals (Pb**, Ni**,
and Cd*") with the HPA (0,P,W15M0,0¢1)'%” namely:

e pH of the reaction medium;
e Stability time of the complexes;
e Stability temperature of complexation reaction.

These various conditions made it possible to deter-
mine the analytical form of the complexes formed,
such as the stoichiometry and the calculation of the
constants of stability by using statistical methods of
calculation.

2. Experimental
2.1 Preparation and structures of HPAs

HPA (a,P,W15M0,)!"” was prepared according to
the methods described in the literature [16-18]. This
compound is obtained by elimination of a tritungstic
group of site (a) of the saturated species aP,Wis
(Fig. 1(a)), then two ions molybdates MoO,* are
added on this site trivacant (Fig. 1(b)) so as to keep
only one gap (Fig. 1(c)).

The various structures of these HPAs are presented
in Fig. 1.

2.2 Characterization of HPAs by infrared spectroscopy

For better assessment of the purity of the com-
pounds formed during the preparation, the character-
ization of these compounds by the IRTF was carried
out. The spectra IR were recorded in solid phase in
KBr (1 mg of sample for 300 mg of KBr) on a spectro-
photometer (Shimadzu Japan). The recorded spectra
are illustrated in Fig. 2.

In the spectrum of the lacunar compound
(a2P2W15M02)107, a PO band located at 1,110 cm™! is
noticed. Delcheff [19] showed that the existence of
such a band represented an important disturbance in

a direction of tetrahedron POy: direction of the gap in
this case. This band disappears for the saturated com-
pound (XP2W18.

2.3 Spectrophotometry study of the formed complexes

This study was carried out on three samples of
aqueous solutions, one containing nickel and lead
(Ni?*, Pb*"), the other nickel and cadmium (Ni%*,
Cd?*") and the last lead and cadmium (Pb**, Cd*").
HPA used as ligand is under form (0pPW15M0,06) 0.
However, the spectrophotometric proportioning of
two heavy metals present in the same sample consti-
tutes a certain difficulty. This difficulty consists in the
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Fig. 2. Infra-red spectrums of HPAs.
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possibility of interference wavelengths of heavy metals
studied (problem of the awkward ions). To overcome
this problem, a study of the complexation of each
metal existing alone in solution (Ni?%), (Cd*"), and
(Pb**) by the (P,W;5sMo,) was realized. In this inten-
tion, a UV-visible sweeping at different pH was car-
ried out in a field wavelength [200-800 nm]. This has
made it possible to determine the maximum and mini-
mal wavelengths corresponding to the maximum and
minimal absorbances of each metal with the selected
pH. The mixtures of these solutions were prepared as
follows:
The reference solution was made up of:

e Four millilitre of buffer solution;
e Two millilitre of ligand solution of concentration
5x10° M.

The solution to be analyzed consisted of:

e Two millilitre of buffer solution;

e Two millilitre of ligand solution of concentration
5x107° M;

e Two millilitre of metal solution to be complexed
of concentration 5 x 107> M.

In addition, to study the complexation of two met-
als existing together in the same aqueous solution, the
mixtures were prepared in the following way:

The reference solution was made up of:

e Six millilitre of buffer solution;
e Two millilitre of ligand solution of concentration
5x107° M.

The solution to be analyzed consisted of:

e Two millilitre of buffer solution;

e Two millilitre of ligand solution of concentration
5x107° M;

e Two millilitre of metal solution M; to be com-
plexed of concentration 5 x 107> M;

e Two millilitre of metal solution M, to be com-
plexed of concentration 5 x 107> M.

The solutions of metallic ions were prepared from
commercial salts of quality for analysis: [Cd
(NO3),,6H,0], [Pb (NO3),,6H,0], [Ni (NOs3),,6H,0I.

The analysis was realized with a spectrophotome-
ter of type UV-1202 UV-vis (Shimadzu).

The stability study of the complexes formed by
varying factors, such as pH, time, and temperature
was carried out. On the basis of these parameters, the
determination of stoechiometry and the constants of

Table 1
Influence of pH on the complexes [NiP,W1sMo,]1 8 and
[PbP,W;5Mo,] ®

[NiP,W;sMo,] 8 [PbP,W,5Mo,] 8

Abs Abs Abs Abs

PH /lmax (nm) )Vmax (nm) ;Lmax (nm) /lmax (nm)

3 0.347 0.055 0.205 0.000
311 204 204 311

4 0.426 0.010 0.205 0.084
308 231 231 308

5 0.522 0.000 0.135 0.049
311 226 226 311

6 0.688 0.003 0.550 0.019
311 301 244 311

7 0.788 0.031 0.575 0.010
302 244 244 302

8 0.978 0.000 0.451 0.012
302 205 205 302

9 0.646 0.006 0.701 0.000
214 209 209 214

10 1.131 0.078 0.824 0.222
247 202 202 247

11 0.924 0.019 0.731 0.337
222 205 205 222

Note: Bold values represent the optimal pH for which we have
the maximum or minimum absorbance for a given metal.

Table 2
Influence of pH on the complexes [NiP,W;5sMo,]® and
[CdP,W;5Mo,]®

[NiP,W;5Mo,] 8 [CdP,W;5Mo,] 8

Abs Abs Abs Abs

pH Amax (m) Amax (m) Amax (nm) Amax (m)

3 0.347 0.055 0.320 0.000
311 204 204 311

4 0.426 0.010 0.331 0.091
308 231 231 308

5 0.522 0.000 0.246 0.000
311 226 226 311

6 0.688 0.003 0.341 0.064
311 301 301 311

7 0.788 0.031 0.524 0.123
302 244 244 302

8 0.978 0.000 0.857 0.248
302 205 205 302

9 0.646 0.013 0.941 0.000
214 220 220 214

10 1.302 0.078 1.241 0.363
217 260 260 217

11 0.924 0.019 0.910 0.000
222 205 205 222

Note: Bold values represent the optimal pH for which we have
the maximum or minimum absorbance for a given metal.
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stability were also studied by using the following
methods of calculation: isomolaires series, saturation,
and balance displacement [20].

3. Results and discussion
3.1 Influence of pH on the complexes formation

A UV-visible sweeping with different pH (acido-
basic) was carried out in order to choose the optimum
pH which gives the maximum of absorbance to a fixed
wavelength for a given metal (M;) at pH and the same
wavelength that gives the minimum of absorbance or
null absorbance for another metal (M,). In this man-
ner, the proportioning of two metals (M; and M)
existing together in the same solution being able to be
carried out without one gene the other (Tables 1-3).

Results presented in Tables 1-3 show that the for-
mation of the complexes is very weak in acid medium;

Table 3
Influence of pH on the complexes [PbP,W;5Mo,] 8and
[CdP2W]5M02]_8

[PbP,W;5Mo,]~® [CdP,W;5Mo,]

Abs Abs Abs Abs
pH Amax(nm) Amax(nm) Amax(nm) Amax(nm)
3 0.205 0.000 0.153 0.060

204 311 311 204
4 0.205 0.084 0.169 0.011

231 308 308 231
5 0.135 0.049 0.110 0.001

226 311 311 226
6 0.550 0.019 0.398 0.069

301 311 311 301
7 0.575 0.010 0.507 0.020

244 302 302 244
8 0.451 0.012 0.339 0.089

205 302 302 205
9 0.701 0.000 0.941 0.000

209 220 220 209
10 0.824 0.222 1.241 0.049

208 260 260 208
11 0.731 0.337 0.501 0.000

205 222 222 205

Note: Bold values represent the optimal pH for which we have
the maximum or minimum absorbance for a given metal.

but the basic medium is more favorable for their for-
mation. This may be due to the possibility of dimer-
ization of HPA in acid medium as mentioned in
research paper [21]. The experimental results showed
that the favorable pH for the formation of the com-
plexes [M;M,P,W;5Mo,] ¢ is pH equal to 9 (Table 4).

The results obtained are illustrated better in
Figs. 3-5.

3.2 Influence of time on the complex formation

In order to determine the time for which the com-
plexes are stabilized, variation of absorbance of these
complexes according to time was followed, while
operating with the same solutions and with the opti-
mum pH found (pH 9).

The results illustrated if Figs. 6-8 show
that formation of complexes [NiPbP,W;5Mo,] ",
[CANiP,W;sMo,1%, and [CdPbP,W;5Mo,]® was
instantaneous and fast, from where their absorbances
increased with time until a maximum was reached,
then they decreased appreciably, to reach a minimal
value. It is deduced that these complexes are stable in a
rather broad time interval which can last 25 min. Gener-
ally, HPAs of Dawson type are usually stable over time
in basic medium. The findings of this study are consis-
tent with other results reported in the literature [22].

3.3 Influence of temperature on the complex formation

To determine favorable temperature for the forma-
tion of the complexes, the variation of the absorbance
of the complexes according to the temperature was
followed. The results obtained are illustrated in Figs.
9-11.

The study of the influence of temperature on the
formation of  bimetallic complexes [NiP-
bP,Wis  Mo0y0e1]®, and  [CANiP,W15Mo0,Oe11%,
[CAPbP,W;5M0,04;1°~ showed that their absorbances
increased slightly with the increase in the temperature.
However, it is preferable to work at room tempera-
ture, because the reaction is realizable at this tempera-
ture.

Table 4
Maximum wavelength for each complex (M;M,P,W; sMo,)"® with the optimal pH equal to 9
COmpleXeS [NlePzW] 5M02061 ]6_ [ClePzW] 5MO206] ]6_ [CdePzW] 5M02061 ]6_
A (nm) 214Ni 220Cd 220Cd
209p1, 214y 209py,
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These solutions are mixed in different volumetric
proportions for the same final volume from the mix-
ture, so as to maintain the sum (Cy; + Cp) constant.
The absorbances are measured with wavelengths and
a pH corresponding to each complex (Table 1). The
curves of absorption A = f (Cr./Cy) are represented in
Figs. 12-14.

According to the principle of the method of the iso-
molaires series, the stoechiometry of the formed com-
plexes corresponds to the maximum of the absorbance
on the curve of absorption A = f (C./Cpp). It was noted
that the stoechiometry of the three formed complexes
is higher than 1, it varies between 1.33 and 1.88.

3.4.2 Determination of stoechiometry by the method of
saturation

In this method the concentration of metal is fixed,
so that the concentration of the ligand is varied, while
maintaining a total volume of solution constant.

According to the principle of the saturation
method, the stoechiometry of the formed complexes is
obtained by the intersection of the tangents traced in
two parts of the curve of saturation (ascending part
and stage of saturation). The curves of absorption
A = f (CL/Cw) are illustrated in Figs. 15-17. These fig-
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Fig. 15. Variation of the absorptance of the formed
complexe [NiPbP,W;5Mo0,0615~ according to report
CL/Cwm by the saturation method.
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ures show that the stoechiometry of the three com-
plexes formed is slightly higher than 1.

3.4.3 Determination of the stoechiometry and the
constant of stability by displacement of balance
method

The determination of stoechiometry (1) and the
constant of stability () of the formed complexes were
carried out starting from the linearization of the
results obtained by the method of saturation according
to the following equation:

log(Ai/Amax — Ai) = nlog Cpi + log (1)
where A; is absorbance of the complex corresponding
to the increasing part of the curve of saturation;
Amax—maximum absorbance corresponding to the
stage of the curve of saturation; n—stoechiometric
report (Cr/Cwm); Cri—concentration of the ligand corre-
spondent to each value of A;; f—constant of stability.

By tracing log (Ai/Amax—Ai) according to log Ci;
for some points of the ascending part of the curves of
saturation, Figs. 18-20 were obtained.

It was noted that the stoechiometries obtained by
this method are also higher than 1. This confirms the
results found by the two other methods. The stability
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Table 5

Determination of the stoechiometries and the stabilities constants of formed complexes by different methods: isomolaire

series, saturation and balance displacement

Complexes Metallic elements Isomolaires series Saturation Balance displacement
[NiPbP,WsM0,Og1°”  Ni?* n=C./Cyq 133 1 2.60
Vi - - 1.07 x 10™*
Pb>* n=C./Cu 180 1.15 1.80
B - - 5.86 x 10°
[CANiP,W15sM0,06,1°” Ni?* n=C./Cyq 133 1.15 1.73
p - - 2.95 x 10°
Cca* n=C./Cyq 180 1 1.88 .
- - 1.20 x 10
[CAPbP,W15M0,0g]®”  Pb** n=C/Cyq 180 1.15 1.88
B - - 1.86 x 10'°
ca* n=C./Cyq 180 1.10 1.88
Y - - 1.44 x 10"

constants found for the three formed complexes are
high enough; they are about 10°~10"*.

To make the distinction between these three
methods of calculation, the results were compared
and are represented in Table 5. The results obtained
by the three methods are rather close; they show that
stoechiometries or the ratio ligand-metal (Cp/Cyy) are
practically higher than 1 for all the complexes formed.
Also the calculation of stabilities constants gave con-
siderably high values. It proves that HPA [P,W;5sMo,]
used as a ligand has a very important complexing
capacity on two heavy metals existing together in the
same in aqueous solution.

4. Conclusion

The molybdo-tungsto-phosphoric mixed lacunar
HPA of Dawson type (0,PaW15M0,061) ' seems to
have remarkable properties of complexation on the
bivalent metal ions (Ni**, Pb**, Cd**) being present in
form of couples in the same aqueous solution. These
metal ions are likely to be present in water of indus-
trial waste like polluting agents of the first degree. So,

heteropolyanion can be used in the field of water
treatment to fix toxic metals in homogenous catalysis,
and it can also be proposed in chemical analysis. The
study by UV-visible spectrophotometry for the forma-
tion of the complexes [NiPbP,W15M0,04;1°7,
[CdNiP2W15M02061]6_, and [CdeP2W15MOZO61]6_
revealed satisfactory results. The study showed the
stability of these complexes. The basic medium is
more favorable for their formation, more precisely
with a pH equal to 9. The proportioning of these
metal ions in bi-simultaneous presence with various
found wavelengths was carried out successfully with-
out having the problem of awkward ions. These com-
plexes are stable in a rather broad time interval which
can last up to 25 min. The increase in the temperature
supports the formation of these complexes, but it is
preferable to work at room temperature because the
reaction is realizable at this temperature. The study of
the stoechiometry and the constant of stability of these
complexes by the three methods of calculating showed
that the mixed lacunar HPA [P,W;5M0,0¢]'"" forms
the bimetallic complexes with the metal ions (Ni**,
Pb**, Cd*") with a stoechiometry (report ligand-metal)



N. Zabat and M. Abbessi | Desalination and Water Treatment 53 (2015) 709-717 717

near to two. The constants of stabilities of the formed
complexes are high enough, they are about 10°-10",
which makes it possible to deduce that these
complexes are sufficiently stable thus indicating
the use potential of this compound [P,W;5M0,041'",
in particular in aqueous media, without risk of
decomposition. The results obtained starting from this
work show that the HPA wused as ligand
[K10P2W15M0,06;1'%" constitutes aninteresting seques-
tering agent on only one metal ion, as on two metal
ions being together in aqueous solution. Consequently,
it leads to the development of a new compound for
the proportioning of heavy metals (lead, nickel, and
cadmium) simultaneously present in the same sample,
without having recourse to other methods of analysis,
by using like method of analysis UV-visible spectro-
photometry.
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