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ABSTRACT

A new approach is presented in this paper by using dispersed TiO, nanoparticles (TiO,-NPs) in
a combined cloud point and solid phase extraction for the efficient preconcentration and determination
of Zn?* in various samples. In this method Zn?" ions are adsorbed on TiO,-NPs and transferred into
surfactant rich phase. Subsequently the Zn?* ions are desorbed from TiO,-NPs by a dithizone solution
via forming a color complex which could be detected colorimetrically. The influence of chemical
variables such as pH of the sample solution, electrolyte, amount of TiO,-NPs, type and volume of the
eluent on the extraction system was studied. The calibration graph was linear in the range of 0.5-
90.0 ug L= of Zn?* (r=0.9996). An enrichment factor of 80 was achieved and the limit of detection for
Zn?* was 0.33 ugL~'. The relative standard deviation (RSD) for eight replicate measurements of
10 ug L~ ! and 60 pg L~ of Zn?* was 1.8% and 1.5% respectively. The proposed method was successfully
applied to the quantitative determination of Zn?>* in tap water, powder milk and Zinc sulfate tablet with

satisfactory results.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Zinc is an essential trace element for humans, animals and
plants and plays an important role in some of physiological and
pathological processes such as enzyme regulation, gene expression
and catalytic function of the protein. The disorder of zinc meta-
bolism in biological systems may lead to a variety of diseases such
as Alzheimer, diabetes and epilepsy [1,2]. The symptoms of zinc
deficiency lead to skin problems, slow healing of wounds, reduc-
tion in the senses of taste and smell, increased susceptibility to
infections, decreased fertility and the loss of appetite and hair [3].
Therefore, there is an increasing need for simple, sensitive, and
inexpensive methods for the determination of zinc at low level
concentration in various samples such as food, biological and
water.

Most analytical techniques do not present sufficient sensitivity
for the trace determination of metal ions. Despite great improve-
ments in the sensitivity of developed modern instrumental tech-
niques there are still difficulties in the determination of trace
heavy metals because of their low levels in the samples and the
complexity of the sample matrices [4,5]. Therefore preliminary
preconcentration/separation and matrix-removal steps are frequently
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required to ensure the accuracy and precision of the analytical
results. Preconcentration/separation methods including solvent
extraction [6], coprecipitation [7] stripping voltammetry [8], liquid-
liquid microextraction [2], solid phase extraction (SPE) [9-14] and
cloud point extraction (CPE) [15-17] have been utilized for analyte
enrichment.

The powder nanoparticles (PNs) have been employed in SPE for
the removal and preconcentration of trace amount of analytes in
different samples [18-21] because of their high surface areas and
high adsorption capacity towards different compounds. Among the
current applications of the PNs in analytical chemistry is nanodisper-
sion in batch extraction method or as a nanoadsorbent in SPE for
concentration/separation of different analytes from aqueous solution.

Nevertheless, limitations of using nano-sized materials as
adsorbents in SPE method is changing the shape and size of
nanomaterials which redound to accumulation and decreasing of
the surface area and also slow flow rate which leads to long
process time. On the other hand, many studies have used the
nanoparticles as adsorbents in batch extraction method for analy-
tical purposes [22] in which the separation of the nanoparticles
from high volume of aqueous sample is difficult and hence the
preconcentration factor is small. To overcome the aforementioned
problems, PNs could be used in CPE method for preconcentration
of the analytes.

CPE using micelles is a well known methodology for designing
new analytical procedures for different analytes such as organic
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compounds [23], metal ions [24], pharmaceuticals [25] and dyes
[26]. CPE is a safe and green methodology which uses small
amount of surfactant which limits the environmental pollution.
Liu et al. have successfully evaluated the CPE of several nanoma-
terials with various sizes and different capping agents using non-
ionic surfactant Triton X-114 [27]. Their suggested method has
illustrated that CPE can be used for concentration and recycling of
nanoparticles (NPs) in aqueous media.

In the present work, TiO,-NPs were utilized as solid nanosub-
strates for adsorption of Zn?*, and for performing CPE method for
preconcentration/separation of Zn?*-TiO,-NPs from aqueous
solutions using Triton X-100 as a nonionic surfactant. The Zn2+-
TiO,-NPs were easily transferred to the surfactant rich phase and
the enriched surfactant phase was separated by centrifugation.
The elution of Zn?* ions from enriched TiO,-NPs were performed
using semi-microvolumes of dithizone solution through the for-
mation of a colored complex. Subsequently, the colorimetric
sensing of Zn dithizonate was carried out by measuring the
absorbance at 1=530 nm by UV-vis spectrophotometer.

2. Experimental section
2.1. Apparatus

Absorbance measurements were performed by GBC UV-visible
spectrophotometer model Cintra 101 (Sidney, Australia) using 700 pL
glass cells. A digital pH-Meter model 632, Metrohm (Herisau,
Switzerland) with a combined glass electrode was used for pH
measurements. A thermostat bath model Colora (England) main-
tained at the desired temperature was applied for the CPE tempera-
ture experiments.

2.2. Reagents

All chemicals were of analytical grade and doubled distilled water
was used throughout. A stock solution of 1000 mg L~ ! of Zn?>* was
prepared by dissolving 0.4549 g of Zn(NOs), - 6 HO (Merck, Darm-
stadt, Germany) in water and diluting to 100 mL in a volumetric
flask. This solution was standardized by EDTA titration [28]. More
diluted solutions were prepared daily using this stock solution.
1.0 mol L~ ! of NaCl was prepared by dissolving 5.844 g of sodium
chloride (Merck) in water and diluting it to 100 mL in a volumetric
flask. 5% (v/v) of Triton X-100 was made by diluting 5 mL of Triton
X-100 (Merck) to 100 mL. 5.85 x 10~* mol L~ ! of dithizone solution
was prepared by dissolving 0.015 g of dithizone (Merck) in 100 mL of
acetone/ethanol (3:7). This solution was provided weekly. Phthalate
buffer solution pH 7 was prepared by adding 0.05 mol L~ of NaOH
(Merck) to 0.05 mol L~ of phthalic acid (Merck) and adjusting the
pH to 7 using a pH meter. TiO, nanoparticles (average size 50 nm)
were purchased from Nanobond Technology (Tehran, Iran). Triton X-
114 was purchased from Sigma (St. Louis, MO, USA). Ethanol and
acetone were from Merck Company.

2.3. Recommended procedure

The colorimetric determination was carried out by performing
the following steps. 5 mg of TiO,-NPs was added to 8 mL of 5%
(v/v) of Triton X-100 as the nonionic surfactant. The mixture was
stirred for 1 min, causing further dispersion and suspension of the
TiO,-NPs. Then an aliquot of zinc solution (so that its final
concentration would be in the range of 0.5-90 ug L~ '), 1 mL of
phthalate buffer (pH 7) and 1 mL of 0.5 mol L~! of NaCl, were
added to the above mixture in a 50 mL volumetric flask and
diluted to the mark with water. This solution was transferred to
a 50 mL conical centrifuge tube and placed in a thermostat water

bath at 80 °C for 40 min. Under this condition, the analyte was
adsorbed on the TiO,-NPs and the phase separation occurred.
Subsequently, the solution was cooled in an ice-bath for 5 min.
The TiO,-NPs easily settled down in the surfactant phase and
the aqueous phase was decanted. The enriched surfactant phase
was separated from TiO,-NPs by centrifugation (3 min). Next,
500 pL of dithizone (5.85 x 10~* mol L~') was added to TiO,-NPs
and shaken for about 2 min to desorb the Zn?* ions. Finally,
the mixture was centrifuged (~3 min), the eluate (Zn dithizonate)
was collected in a 700 uL glass cell and its absorbance was
measured at 1=530 nm by UV-vis spectrophotometer. A blank
solution was also run under same conditions without adding any
Zn** ion.

2.4. Sample preparation

2.4.1. Powder milk

1 g of powder milk sample was precisely weighted and trans-
ferred to a porcelain crucible and treated with 1.0 g of NaOH
dissolved in few milliliters of water. The crucible content was
gently heated at 110 °C to dryness and it was then placed in a
furnace at 500 °C for 20 min. After cooling to room temperature,
the residue was dissolved in 15 mL of water and 2 mL of concen-
trated nitric acid [29]. The solution was filtered through a filter
paper and the pH of the solution was adjusted to 7 by suitable
addition of 1.0 mol L' of sodium hydroxide solution. This solution
was finally transferred to a 50 mL volumetric flask and made up to
the mark with water. An aliquot of this solution was subjected to
the general procedure.

2.4.2. Preparation of tablet sample

220 mg of zinc sulfate tablet was dissolved in 100 mL of water.
Then, 0.2 mL of this solution was placed in a 100 mL volumetric
flask and made up to the mark with water. An aliquot of this
solution was subjected to the general procedure.

2.4.3. Preparation of tap water

Tap water sample was collected in the lab, boiled, filtered
before use and its pH was adjusted to 7. An aliquot of the solution
was subjected to the general procedure.

3. Result and discussion

It has been shown that PNs could be enriched into the
surfactant rich phase at pH values about their point of zero charge
(pHpzc is the pH at which the surface charge of NPs is zero) [27].
The charge of NPs is negative if pH> pHp,. and positive if
pH < pHy,.. Therefore, any species existing in the aqueous phase,
which could be adsorbed on the NPs surface and neutralize the
charge of NPs, is concentrated into surfactant rich phase by CPE.

In this work, Zn?~ ion are adsorbed on the dispersed TiO,-NPs
as a solid phase in micellar media and then separated by perform-
ing CPE. In the absence of Zn?™ ions, the surface charge of TiO,-NPs
at pH~6.2 (reported pHpzc for TiO,-NPs) [30] is neutral and they
are enriched into non-ionic surfactant phase. At pH > 6.2 surface
charge of TiO,-NPs is negative; therefore when Zn?* ions are
present, they are adsorbed on the surface of TiO,-NPs and the
surface charge becomes neutral. Thus, Zn?*-TiO,-NPs are enriched
into non-ionic surfactant phase. Our investigation indicated that the
nonionic surfactant only transfers Zn?*-TiO,-NPs, and Zn?* ions
alone in solution are not transferred from the aqueous phase to
ionic surfactant phase under these circumstances. After CPE, the
surfactant phase is discarded and Zn?*-TiO,-NPs are treated with
dithizone solution to strip Zn?>* ions by forming a color complex
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Fig. 1. Absorption spectra of (A) Zn dithizonate stripped from TiO,-NPs and
(B) the blank.
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Fig. 2. Influence of pH on determination of 40 pg L' of Zn?* with CPE-SPE using
TiO,-NPs in micellar media.

(Zn dithizonate) (Fig. 1). The absorbance of this complex at
2=530 nm is proportional to Zn>* concentration.

3.1. Effect of pH

The pH of the sample solution is an important factor that
influence the surface charge of TiO,-NPs; therefore the effect of pH
on the preconcentration of 40 pg L' of Zn®>* with CPE-SPE using
TiO, NPs in micellar media was evaluated in the range of 5.0-9.5.
The sample solutions were adjusted to the desired pH using
0.1-1.0mol L=' of hydrochloric acid and/or sodium hydroxide.
The results of this investigation shown in Fig. 2 demonstrate that
the highly effective adsorption of Zn?* on the TiO,-NPs is
achieved when pH is above 6.5. As stated earlier this pH is above
pHp.c of TiO,-NPs and thus its surface is negative and Zn’* are
adsorbed better on the surface of TiO,-NPs. Thus pH=7 was
selected for subsequent work. To maintain the pH of solution at
7, buffer solutions with pH 7 such as maleate, carbonate, phos-
phate, Britton-Robinson and phthalate were examined. It was
found that the phthalate buffer at pH 7 was suitable because it did
not change the absorbance. Therefore phthalate buffer was
selected for this study and 1 mL of phthalate buffer was added
to sample solutions to adjust the pH at 7.

3.2. Effect of eluent type, concentration and volume

The type, volume and concentration of eluent are important
parameters for this kind of study. The Zn?* ion reacts with
dithizone in CCl4 media to form a color complex with an absorbance
peak at 1=530 nm. Due to the toxicity of carbon tetrachloride (CCl,),

it was replaced with less toxic solvents such as acetone, methanol or
ethanol in this study. Thus 0.015 g dithizone was dissolved in
100 mL (5.85 x 10~ 4 mol L~ ') of aforementioned solvents alone or
in mixtures with different volume fractions for desorption of Zn?*
ions from the TiO,-NPs. The results of this investigation revealed
that the highest absorbance is obtained when a mixture of acetone-
ethanol with a ratio of 3:7 was used for preparation of dithizone
solution. The effect of different volumes of this eluent in the range of
200-600 pL was investigated and the results showed that the
absorbance was enhanced until it finally reached a plateau at
500 pL and the eluent volumes over 500 pL did not significantly
affect the extraction efficiency. Thus 500 uL of 5.85 x 10~% mol L™!
of dithizone in acetone/ethanol (3:7) was selected as the eluent for
subsequent measurements.

3.3. Effect of electrolyte

It has previously been investigated that the addition of salts,
alcohols and some organic compounds to a micellar aqueous
solution can affect the extraction efficiency of the CPE process
[31,32]. In order to assess the effect of the electrolytes in this work,
the experiments were carried out by adding various salts with
different concentrations (0.005-0.06 molL~') to the solutions
before CPE. It was specified that among the salts such as NaCl,
KNO3 and CaCl, that were examined, NaCl was a better electrolyte
for this system because of providing higher absorbance at all
concentrations. As can be ascertained from Fig. 3, the analytical
signal was almost constant up to 2 x 1072 mol L~ ! of various salts
and decreased above this concentration. Increasing the electrolyte
concentration could neutralize the surface of the adsorbent
resulting in less adsorption of the analyte in SPE. On the other
hand due to the salting-out effect of electrolytes, more water goes
to the dilute phase, decreasing the volume of the surfactant rich
phase in CPE and increasing the concentration of analyte and
hence its absorbance [33]. Therefore, the different behaviors of the
salts in this study could probably be due to the dual role of
electrolytes in the combined SPE and CPE method. Thus, in this
study, NaCl (1 x 10~2 mol L~ ') which provided higher signal than
other salts was chosen for the following experiments and 1.0 mL of
0.5mol L=! of NaCl was added to 50 mL solutions in order to
achieve this concentration.

3.4. Effect of mass of adsorbent

The extraction efficiency is dependent on the amount of
adsorbent. In order to estimate the optimum adsorbent quantity,
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Fig. 3. Influence of electrolyte (A) CaCl,, (B) KNOs and (C) NaCl on determination of
40 pg L' of Zn?* with CPE-SPE using TiO,-NPs in micellar media.
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Fig. 4. Influence of adsorbent amount on determination of 40 pg L~' of Zn?* with
CPE-SPE using TiO2-NPs in micellar media.

different amounts of the adsorbent (TiO,- NPs) in the range of
2-12 mg were used for the preconcetration of Zn?*. The results
shown in Fig. 4 indicate that the absorbance of the eluted samples
is almost constant when the amount of the adsorbent is greater
than 4 mg. Therefore in this procedure, 5 mg of TiO,- NP was
selected as the optimum amount of adsorbent.

3.5. Surfactant selection and influence of its concentration

The presence of a surfactant is vital in any CPE procedure in
order to form two isotropic phases from aqueous solution. On the
other hand, in this case, the surfactant also acts as a dispersing
agent for TiO,-NPs in aqueous solution. Therefore, a non-ionic
surfactant was used as a dispersing and stabilizing agent and also
for CPE process. In order to investigate the effect of non-ionic
surfactant types on the system, surfactants such as Triton X-114
and Triton X-100 and mixture of both were examined. The results
revealed that Triton X-100 shows higher analytical signal. There-
fore, Triton X-100 5% (v/v) was selected and the influence of its
volume on the extraction efficiency and sedimentation of the TiO,
nanoparticles was investigated by adding different volumes of
Triton X-100 5%(v/v) in the range of 4-10 mL. The obtained results
demonstrate that the highest analytical signal was observed when
the volume of Triton X-100 5% (v/v) was above 8 mL. Thus, this
volume was selected as optimum in the subsequent studies.

3.6. Effect of equilibrium temperature and time

Two important parameters in CPE procedures are incubation
time and equilibration temperature. It has been shown that
increased temperature and prolonged reaction time result in more
satisfactory extraction. Therefore the effects of equilibration tem-
perature and incubation time on CPE of Zn?*-TiO,-NP were
investigated in the range of 65-90 °C and 20-50 min, respectively.
Maximum absorbance was obtained when the solution was
equilibrated at 80 °C for an equilibration time of 40 min. The
results also showed that the standing time of surfactant enriched
phase in the ice bath had no significant effect on the extraction
efficiency. Accordingly, a standing time of 5 min in ice bath was
chosen for next experiments.

3.7. Reusability of TiO, nanoparticles

The reusability of the TiO,-NPs was also investigated. For this
purpose, after the elution of Zn?*-TiO,-NPs by dithizone solution
and washing the nanoparticles with water, the recommended
procedure was repeated many times. The results showed that each

5 mg of TiO,-NPs can be used five times without any significant loss
in the absorbance (less than 2% decrease in the absorbance).

3.8. Interferences study

In order to examine the selectivity of the method, the effects of
other anions and cations on the analytical signal of Zn?>* were
investigated in the system under the optimum experimental condi-
tions. The experiments were performed at a constant concentration
of Zn?* (40 pg L~ 1) and measuring the absorbance before and after
adding the possible interfering ions. A relative error of + 5% in the
absorbance measurement was considered as interference. The
results of this study summarized in Table 1 demonstrate that most
of the common coexisting ions did not show a serious effect on the
separation and determination of Zn>* ion. The interference of Ag*
and Ni?* up to 10 fold was overcome by the addition of thioglycolic
acid. The reasonable selectivity obtained probably depends on both
adsorption tendency of TiO,-NPs for these cations and pH at which
they are extracted by dithizone. It has been stated that the metal
dithizonates are extracted in different pH media [34]. The most
stable dithizonates (Cu, Hg, Pd, and Ag) can be extracted from strong
acidic solutions. Some metals (Bi, In, and Zn) are extractable from
weakly acidic media, whereas other metals such as CO, Ni, Pb and TI
are extractable from neutral or alkaline media.

3.9. Analytical performance

Under optimum conditions, the analytical characteristics of the
developed procedure were evaluated. The calibration curve was
linear in the range of 0.5-90.0 ug L' of Zn?* ion with a correla-
tion coefficient (r) of 0.9996. The equation of the line for Zn?>* was
A=0.0162C+0.0026 where A is the absorbance and C is the
concentration of Zn?>* in pgL~"' in the initial solution. The UV-
visible absorption spectra of Zn-dithizonate after the elution from
TiO,-NPs at different concentrations and the corresponding cali-
bration curve are shown in Fig. 5. The limit of detection (LOD)
defined as the concentration giving a signal to noise ratio of 3:1
was found to be 0.33 ugL~! and the relative standard deviation
(RSD) for eight replicate measurements of 10 ug L' and 60 pg L'
of Zn?* ion were 1.8% and 1.5% respectively. An enrichment factor
of 80 (defined as the ratio between the analyte concentration in
the extract at the end of the extraction process and its initial
concentration in the sample) was achieved. A comparison of the
developed method with some of the previously reported methods
for Zn?* by different preconcentration procedures is shown in
Table 2. From the table, it is observed that the proposed procedure
presents analytical characteristics better or comparable to some of
those previously reported in the literature.

3.10. Application to environmental samples

In order to evaluate the applicability of the proposed method, it
was utilized for determination of Zn?>* concentration in tap water,
powder milk and zinc sulfate tablet. These samples were also

Table 1
Effect of interfering ions on the determination of 40 ng mL~" of Zn?*.

Interfering ion Tolerance ratio [M]/[Zn?*]

Ca®*, Mg?*, Mn?*, NH#, SO3~, acetate 1000
PO;~, Br—, I-, F~, NO3, NO3, citrate , tartarate, 100
€03, 037, 100
AP+, Mo?*, Hg?*, Cr**+ Pb%* Ni?*, Ag™* 10
Co?*, Ccu™*, Fe?+ 5
cd?+ 1
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Fig. 5. UV-visible absorption spectra Zn dithizonate stripped from TiO,-NPs at
different concentrations and the corresponding calibration curve.

Table 2
Comparison of the proposed method with some of the methods reported in
literature.

System Enrichment LOD RSD  Ref.
factor (ngl™" (%)
LLME 45 23 24 2
CPE-PAN 30 23 2.3 3
lon imprinted polymer 118 0.48 25 10
Ionic liquid and Fe;0,4@Si-OH - 0.56 3.7 13
CPE-PBHA 74.2 0.42 265 16
MWCNTs impregnated with 25 60 <10 19
D2EHPA-TOPO
CPE-quinaldine 30 14 2.2 24
CPE-SPE-TiO, 80 0.33 147  This
work

LLME (Liquid-liquid microextraction).

PAN (1-(2-Pyridilazo)-2-naphthol).

PBHA (N-phenylbenzohydroxamic acid).
D2EHPA (di-(2-ethyl hexyl phosphoric acid)).
TOPO (tri-noctyl phosphine oxide).

MW(CNTs (Multiwalled carbon nanotubes).

Table 3
Determination of Zn?* in sample solutions.

Samples Zn?*added Zn?* found® (ngmL~')  Recovery (%)
(ng mL™1)
Tap water - 206+04 -
10 30.6 +0.4 100.0
20 40.9 +0.2 101.5
Powder milk - 22.0+0.2 -
10 325+0.6 105.0
20 42.8+0.9 104.0
Zinc sulfate tablet - 101 +0.2 -
10 19.6 + 0.4 96.0
20 30.7 +0.7 103.0

3 X + ts[/n at 95% confidence (n=5).

spiked with two concentration levels of Zn?* and analyzed. The
results of this determination and the recoveries for the spiked
samples are listed in Table 3. As can be seen the proposed method
provided acceptable recoveries in the range of 96-105%.

In order to estimate the accuracy of the procedure, two soil
samples were also analyzed by both the proposed method and
flame atomic absorption spectrometric (FAAS) method. The values
obtained by both methods show that there is a good agreement

Table 4
Determination of Zn?>* in samples and comparison by FAAS.

Sample Proposed method® (mgg~!) FAAS (mgg™ ')
Powder milk 0.055 + 0.004 0.054 + 0.005
Zinc sulfate tablet 229.5+10.0 2273 +10.0

3 X + ts//n at 95% confidence (n=5).

among the results and there was no significant difference between
them by performing a t-test at 95% confidence limit (Table 4).

4. Conclusions

In this investigation, the TiO,-NPs were used in a new com-
bined CPE-SPE method followed by semi-microvolume UV-vis
spectrophotometric detection of Zn?™. In this method TiO, nano-
particles were used as an assisted-solid phase for preconcentration
of Zn?* by CPE. The developed method has the advantages of
simplicity, relative selectivity and high preconcentraion factor for
Zn?*. A small amount of adsorbent, low volume of solvent and
surfactant are employed in this procedure. The procedure is
inexpensive, because it does not require sophisticated equipment
and uses instrument such as UV-vis spectrophotometer which is
available in most laboratories. The determination of zinc in various
samples was successfully performed using the proposed method
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