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Abstract

In the present study, the N, O and S donor Isatin-3-(4-phenyl-3-thiosemicarbazone) (IPTS) formed hydrophobic complexes
with Pd(II) and Co(II). Characterization of these complexes was carried out using various instrumental performances such as
elemental analysis, Fourier transform infrared spectroscopy (FTIR), and UV-vis spectrophotometry. A micelle-mediated
extraction (MME) method developed for the separation and enrichment of trace levels of palladium and cobalt was combined
with inductively coupled plasma optical emission spectroscopy (ICP OES) to measure trace levels of palladium and cobalt in
real samples. The hydrophobic Pd(I)-IPTS and Co(II)-IPTS complexes are extracted into the Triton X-114 rich phase.
Parameters affecting both complexation and extraction, such as sample pH, IPTS and Triton X-114 concentrations,
equilibration temperature, and time, are optimized. After the separation process, the Triton X-114 rich phase was diluted with
acidic ethanol. Analyte concentrations were then determined by ICP OES. Under the optimal conditions chosen, the LOD, and
LOQ for Pd(Il) were 54 ngL-1, and 164 ngL-1, respectively. The LOD and the LOQ for Co(II) were 143ngL-1 and 432 ngL-
1, respectively. This MME method was applied to real samples and recoveries of more than 95% were obtained in the spiked
samples with a preconcentration factor of 100 and relative standard deviation less than 5% (n=5). The plausible mechanism of

interaction between Triton X-114 and Pd(II)-IPTS and Co(II)-IPTS complexes is elucidated.

Keywords: TPTS, Cobalt (IT) Palladium (IT)TritonX-114 micelle-mediated extraction(MME)

1. Introduction

Separations and pre-concentration based on cloud
point extractions are becoming a significant and
practical application of the use of surfactants in
analytical chemistry [1-3]. Using pre-concentration
measures based on Micelle Mediated Extraction
(MME) separation process provides a good option to
more standard extraction processes [4-6] . The small
quantity of the surfactant-rich step produced by this
methodology enables easy, inexpensive, high-
efficiency and reduced toxicity extraction methods to
be used than extractions using organic solvents.
MME also gives similar outcomes to those acquired
with other methods of separation. Consequently, any
species that interact with the micellar system, either
directly (generally hydrophobic organic compounds)
or after a preconditioned derivative reaction (e.g.
metal ions after reaction with an appropriate

hydrophobic ligand), may be extracted from the
initial solution and may also be pre-concentrated. In
hydrodynamic analytical processes such as liquid
chromatography and capillary electrophoresis, the
cloud point approach was used to separate and pre-
concentrate organic compounds as a phase before
they were determined [7-11].

In recent years, the use of micellar technologies such
as MME has gained significant attention primarily
because it is in accordance with the principles of
"green chemistry". Green chemistry can be described
as the methods used to reduce or eliminate the use or
generation of toxic substances for human health and
the environment! . For the following reasons, MME is
a green method: (a) it uses diluted surfactant
solutions as an extractor media that are inexpensive,
resulting in the economy of reagents and the
generation of few laboratory residues ; and (b)
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surfactants are not toxic, non-volatile and not easily
flammable, unlike organic solvents used in liquid-
liquid extraction.[12]

The use of the Micelle Mediated Extraction (MME)
offers an interesting alternative to conventional
extraction systems. Compared with conventional
liquid-liquid solvent extraction, MMEP uses water
and avoids the use of huge amounts of expensive,
toxic, and flammable volatile organic solvents.
Besides, MME can lead to higher extraction
efficiency and a large concentration factor because
the presence of the surfactant can minimize losses of
analytes due to their adsorption into the container.
[13] The MME technique has been used for
extractive preconcentration, [14] separation, and/or
purification of metallic species [15], metal
chelates,[16] biomaterials,[17] and organic
compounds.[18]

Extractions of metal ions by MME have been
achieved in the absence of chelating extractants, [19],
but Metal ion separation could be improved by the
formation of  sparingly  water-soluble  and
hydrophobic complexes in the surfactant micellar
solution using several chelating extractants Since
Watanabe and Tanaka pioneered work [20] on nickel
and zinc extraction, such as dithizone,[ 21],1-(2-

thiazolylazo)-2-naphthol (TAN),[22], 1-2-
pyridylazo)-2- naphthol (PAN),[23
]diethyldithiocarbamate (DDTC),[24], 8-

hydroxyquinoline (HQ).[25] and 0,0-
diethyldithiophosphate (DDTP) [26]
Thiosemicarbazones constitute another family of
powerful chelating extractants. Indeed, they are easy
to be synthesized and have structural rigidity, and
they are also used in selective solvent extraction of
several kinds of metal cations. [27]

The polydentate Isatin-3-(4-phenyl-3-
thiosemicarbazone) (IPTS), which acts as a good
complexing agents through hydrazine nitrogen atom
and thionate sulphur atom binding sites[28], was
chosen as the chelating extractant because it forms
more stable complexes than either O-O or N-N types.
[29]

Cobalt is known to be important for metabolic
processes at trace concentrations for humans,
livestock and plants. It is clear that in the fields of
environmental analysis, process control and medicine
the determination of trace amounts of cobalt in
biological and  environmental samples is
important(13-15). It is of excellent importance to
determine trace quantities of cobalt in natural waters
because cobalt is essential as complex vitamin B, for
living species. Cobalt deficiency in ruminants
generally leads to various kinds of anemia.
Toxicological impacts of big quantities of cobalt
include human and animal vasodilatation, flushing
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and cardiomyopathy. Research on  cobalt
biochemistry in humans, microorganisms and
enzymes has been extended [30-32].

The importance of palladium metal has evolved in
latest years due to the growing applications for the
manufacture of dental and medical instruments,
jewelry and automotive catalytic converters [33-35].
Although the advantages of car catalysts are
unquestionable, the environmental emission of
palladium is mainly connected with the manufacture
and recycling of catalytic converters in the metal
finishing business as well as the operation of vehicle
catalysts. Some of the compounds of palladium have
been recorded as potential health hazards to humans
causing asthma, allergy, rhino conjunctivitis, and
other severe health issues. Therefore, developing
analytical methods for palladium determination is
essential for efficient control of this metal's pollution
concentrations in the environment [36, 37].

The present study was carried out with the following
objectives:

i Design and the synthesis of the N, O and S
donor Isatin-3-(4-phenyl-3-thiosemicarbazone)
(IPTS) complexes with Pd(II) and Co(II).

ii. Characterization of Pd(I)-IPTS and Co(II)-
IPTS complexes using various instrumental
performances such as elemental analysis, Fourier
transform infrared spectroscopy (FTIR), and UV-vis
spectrophotometry.

iii. Pre-concentration, separation via Micelle
Mediated Extraction and ICP OES determination of
Pd(II) and Co(II) using IPTS ligand and TritonX-114
iv. To Study the optimum parameters affecting
the MME like pH, concentration of metals, nonionic

surfactant and ligand, incubation time and
temperature.
v. Studying the applicability of the proposed

MME-ICP OES methodology for the determination
of Pd(II) and Co(Il) in real water samples, synthetic
mixtures and pharmaceutical samples.

vi. Elucidation of the plausible mechanisms
involved in the process of interaction between Triton
X-114 of PA(II)-IPTS and Co(II)-IPTS complexes.
vii. Comparative evaluation of the present
MME-ICP OES method with other previously
reported methods.

2. Experimental

2.1. Instrumentation

Micelle  Mediated  Extraction (MME) pre-
concentration experiments were done by using a
thermostated bath maintained at the chosen
temperature and phase separation was assisted using
a centrifuge model of CH90-2 (Hinotek Technology
Co. Ltd., China) was used to increase the phase
separation process in 10 ml centrifuge tubes. Unicam
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UV2100 UV/vis and MATTSON 5000 FTIR and
inductivity  coupled  plasma—optical  emission
spectrometry (ICP OES) using a Varian spectrometer
Model Varian Vista Pro, CCD Simultaneous, was
used to register the spectral data and the
measurements, respectively. The pH values of all
solutions were measured with Hanna Instruments
8519 digital pH meter.

2.2. Reagents and solutions

All the chemicals which used in the current study
are of analytical reagent grade. Double distilled water
(DDW) was used. A stock solution of Cobalt (1000
mgL'l) was prepared by dissolving 0.4037 g
CoCl,.6H,0 in 100 ml of DDW with addition few
drops of concentrated HCI. Palladium stock solution
(100 mgL™") was prepared by dissolving 0.0216 g of
Pd(No3),.2 Hy0 in 100 ml DDW by addition 1.0 ml of
concentrated HNOs. Triton X-114, Scheme 1, from
Sigma Aldrich was prepared by dissolving 1 ml of
triton X-114 in 5 ml ethyl alcohol. Then, complete to
100 ml DDW to obtain a stock solution of triton X-
114 (1% v/v). Stock solution (1x10° molL") of
Isatin-3-(4-phenyl-3-thiosemicarbazone)(IPTS) was
prepared by dissolving 0.0296 gm of IPTS in 100 ml
ethyl alcohol.

=
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/
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Scheme 1: Triton X-114

2.3. Preparations
2.3.1. Preparation of Isatin-3-(4-phenyl-3-
thiosemicarbazone)

4-phenyl-3-thiosemicarbazide was prepared by
mixing 6.7 ml from solution of phenyl isothiocyanate
with 3 ml from solution of hydrazine hydrate, then
added 10 ml ethyl alcohol. The final product was
filtered and recrystallized from alcohol. M.p. 142°C
and yield (50.24%) [38].
Isatin-3-(4-phenyl-3-thiosemicarbazone) (IPTS)
(Scheme 2) was synthesized as it was previously
reported [38]. It is insoluble in methanol but easily
soluble in acetone, ethanol, DMSO and DMF. m.p.
was 240°C and yield (63.5%)

0 MoK N R
QI ¢ HNTY \@ 0.5ml glacial acetic acid QIN— 7,,N\©
—_—
N o s Refluxing at 120° for 2hrs N 0 s
H
-H,0

isatin 4-phenyl-3-thiosemicarbazide apTs)
Scheme2: Synthesis of Isatin-3-(4-phenyl-3-thiosemicarbazone)
(IPTS)
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2.3.2. Preparation of Co(II)- IPTS and Pd (II)-
IPTS complexes

CoCl,.6H,O (1 mmol, 0.2379 g) was dissolved in 10
ml of distilled water (DW) together with ligand
(IPTS) (2 mmol, 0.5921 g) and refluxed for two
hours at 100 °C to create the (Co-IPTS) complex. The
system was then refluxed. The light orange tint of the
solution changed to a violet precipitate during the
process. Filtered precipitate cleaned repeatedly with
water and ethanol before being vacuum dried.

Pd (NOs3),.2H,0 (1 mmol, 0.2609 g) was dissolved in
10 ml of distilled water (DW) together with the
ligand (IPTS) (1 mmol, 0.2961 g) and refluxed for
two hours at 100 °C to create the palladium complex
(Pd-IPTS). The system was then refluxed. The pale
orange tint of the solution changed to a reddish-
orange precipitate during the process. The precipitate
has undergone filtering and many washings using
water/ethanol, and then vacuum dried.

2.3.3. Sample analysis

Vials of vitamin B12 (hydroxocobalamin) were
reviewed to confirm the cobalt content of each drug
vial using the suggested method. Take 1 ml of each
vial and heat in 5 ml of conc. HNO; for degradation.
After cooling, the solution was filtrated and collected
in a 50 ml volumetric flask. Then, complete with
DDW at the mark.

2.4. MME Procedure

An aliquot of 10 ml of an aqueous solution containin
g2 g/L of Coll, 0.4 g/L of Pd II, either alone or in co
mbination, and 2x10" mol/L of IPTS, pH 4.5 (using 2

ml of acetate buffer), has been prepared for MME. F
or 30 seconds, the mixture

was thoroughly agitated to ensure full complexation.
2ml of Triton X-

114 and 1 mL of NaCl solution (0.5 mol L-

1) were added to this combination.

The combination was then placed in a thermostatic ba
th set at 70°C for 15 minutes. To separate the two pha
ses, centrifuge at 3500 rpm for 10 minutes.

The mother aqueous phase was then easily separated
after 10 minutes of

chilling the phases in an ice bath to improve their visc
osity. To increase the sample volume and lower
viscosity, the remaining micellar phase was dissolved
in 3 ml of 1.0 molL"" HNO; in ethanol before being
injected into the ICP OES for the simultaneous
determination of Co (II) and Pd (II) in the organic
phase at 236.379 and 340.458 nm, respectively.
The MME efficiency (S %) of Pd (II) and Co(II) was
determined from the following relationship, Eq.1[4]:
S% = (C,/Cy) X 100
(Eq.1)
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Here, C, and C; denote the concentration of each
analyte in the micellar and in the initial aqueous
layers, respectively.

Alternatively, Pd(Il) and Co(II) were determined
directly by ICP OES in the aqueous mother liquor.
The separation efficiency (S %) of each analyte was
calculated from its concentration in the mother liquor
according to the relation, Eq.2 [ 4 ]:

S = [(ci-cp/ei] x 100 %, Eq.2
where ¢; and ¢, denote the initial and final
concentrations of the analyte, respectively.
Furthermore, 0.5 mL of methanol was added to the
surfactant-rich phase and a 100 pL of the solution
was transferred into a quartz cell containing the blank
to measure the absorbance of the solution at 548 nm
and 510nm for Pd(I) and Co(II), respectively.

The separation % (S, %) was calculated according to
Eq.1 [4]

3. Results and discussion

3.1. Method development

The optimized conditions of ICP-OES were presented
in Tablel. The synthesized IPTS and its metal
complexes are stable at room temperature. The
obtained metal complexes are colored and insoluble
in water, ethanol and non-polar solvents. They have
good solubility character in polar solvents i.e. DMF
and DMSO.

Table 1: The optimized conditions for ICP OES for determination
of Pd(IT) and Co(II) ions

RF generator power | 1.2 Pd 340.458
(kW) wavelength
(nm)
Frequency of RF | 40.68 | Co 236.379
generator (MHz) wavelength
(nm)
Plasma gas flow rate (1 | 12 Viewing 9
min") height (mm)
Auxiliary gas flow rate | 0.75 Pump rate | 15
(1 min_l) (rpm)
Nebulizer pressure | 160
(kPa)

The elemental analysis, FTIR and UV/visible spectra
of the ligand and its metal complexes were
performed. The structures of the metal complexes are
represented in schemes 3&4.

S

N'=xq

=

[Pd(IPTS),Nos]
Scheme 3: PA(II)-IPTS complex
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Scheme 4: Co(Il)-IPTS complex

3.2. Characterization

Pd(II) and Co(II) metal complexes derived from 1-
isatin-4-phenyl-3-thiosemicarbazone ~(IPTS) have
been synthesized and characterized on the basis of
elemental analysis, and spectral (Visible, IR)
measurements.

3.2.1. Elemental analysis

The elemental analysis of IPTS is presented
in Table 2. The obtained results were in agreement
with those calculated for the suggested formula.
Anal. calc. (%): for IPTS; C;5sH;;N4OS; (296.07 g
mol_l); C, 60.8; H, 4.07; N, 18.90; found C, 60.2; H,
3.94; N, 18.62. Whereas, Anal. Calc. (%): for Co-
IPTS & Pd-IPTS, respectively: C, 55.47; H, 3.41; N,
17.25 & C, 40.24; H, 2.48; N, 15.64; found C, 55.41;
H, 3.39; N, 17.22 & C, 40.21; H, 2.45; N, 15.61.

3.2.2. FT-IR spectra

The  most  significant  frequencies  of
both IPTS and its complexes in the FT-IR spectra are
represented in Figure 5. IPTS exhibits an absorption
band in the range from 3457 cm™', which can be
assigned to the v (OH) of the alcohol. The band at
3297 cm™' is attributed to the v(NH) vibrations of the
ring of indole. The two bands at 1692 and 1594
cm™! can be attributed to v(C=0) of the isatin moiety
and v(C=N), correspondingly. The band detected at
1381 cm™is due to W(C-N) groups. The bands at
1618, 782 and 3062 cm™' are assigned to v(C=C)
groups, (C-H) and v(=C-H) ring groups,
respectively[39]. On the other hand, the FT-IR
spectra of Co-IPTS and Pd-IPTS complexes indicate
the bonding association of the ligand with the metal
ion as found in Table 2. In contrast to the spectrum of
the free ligand IPTS, in that of both complexes, we
observed that there is a significant shift for
the v(OH), v(NH), v(C=N) and v(C=0) vibrations.
Meanwhile, the v(C=C) vibration stays more or less
in the same place, which indicates that (C=C) does
not contribute to coordination with the metal ion.
Also, there is a band appeared at1670, 1790 cm” in
Co-IPTS and Pd-IPTS, respectively which indicates
the presence of v(C-S) group. Therefore, IR spectra
show that IPTS coordinates in a tridentate manner via
CN, CO and CS groups. This observation is
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additionally supported by new bands that were found
in the 595 and 623 cm™' regions assigned to v(Co—N)
and v(Pd-N), respectively[40].

Table 2. Analytical and some important physical
measurements for IPTS

Assignments IPTS Co-IPTS Pd-IPTS
Preparation Reflux Reflux Reflux
Method
Color Light Reddish- Violet
orange orange
Aspect Powder Powder Powder
Melting Point 240 >300 >300
(&)
Reaction Time 2 hours 2 hrs 2 hrs
Yield (%) 63.5 88.1 86.2
Chemical C,sH)» C;0H2,CoN | CsH; N5
Formula N,OS <O-S, O,PdS
Molecular 296.07 649.06 447.76
Weight (g/mol)
Eleme | C % (60.8)/ 55.47/55.4 40.24/40.2
:::lllvs 60-2 l l
is H % 4.07)/ 3.41/3.39 2.48/2.45
(Calc.) 3.94
/ N % (18.90)/ 17.25/17.2 15.64
Found 18.62 2 /15.61
v:g:ll) 3457 2844 2875
Vi )
wC=0) 3297 3000 3650
Vw(C=N) 1692 1875 1870
v(C-N) 1594 2280 2342
v(C=S) 1381 1275 1250
v(C-S) 1464
v(C=C) o -
W(C—H) _ 1670 1970
fingerp 1618 1460 1390
rint 782 880-1000 1092
region
v(=C-
H)
P ring 3062
'E w(Co—
2 N) 595
8 v(Pd—
2 N) 623
s
g
=
2
£
8
£
E
=
£
=
<
UV- hmax (nm) | 366 480 572
100 4
80 4
60 4
2
[
40 4
—IPTS
20, ——ColPTS
——Pd.IPTS

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber, cm”

Figure 1: The FT-IR spectra of IPTS, and its complexes
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3.2.3. UV-vis spectra

The electronic absorption spectra of the ligand and its
metal complexes observed in DMF at room
temperature are provided in Figures (2 and 3). From
these figures, it can be established that IPTS reveals
absorption band at 366 nm, which was assigned to
intra ligand charge transfer (n—n* and m—m*).
Meanwhile, both complexes reveals maximum
absorption bands at 480 and 572 nm for Co-IPTS and
Pd-IPTS, respectively which were assigned to
ligand—metal charge transfer transitions (LMCT) and
intra-ligand charge transfers (n—n* and n—n*) [41-
45].

5.9 -
3.0 4 480nm
2.5
B
2.0 4
1.5
—IPTS
1.0 4 e CO-IPTS
366nm
0.5 4
0.0 T T T T T T T
200 300 400 500 600 700 800 900 1000

Wavelength, nm

Figure 2: The electronic absorption spectra of IPTS, and Co-IPTS
complex

1.24 $72nm

, %

0.24 ——PdIPTS

0.0 T T T T T T T
200 300 400 500 600 700 800 900 1000

Wavelength, nm

Figure 3: The electronic absorption spectra of Pd-IPTS complex

3.3. MME-ICP OES determination of Pd (II) and
Co(II)
3.3.1. Effect of pH

The formation of metallic complex and its
chemical stability are the two important factors
involved in the separation and preconcentration of
metal ions by Micelle Mediated Extraction(MME).
They need to present sufficient hydrophobicity to be
extracted into the small volume of the surfactant-rich
phase. The pH of solution is the most important
variable affecting metal ions removal. This is partly
because hydrogen ions themselves are strongly
competing with metal ions. Furthermore, the pH
plays a critical role on metallic complex formation
and subsequent extraction and has been a significant
parameter for MME. [46]
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For ionizable solutes, the charge of the solute can
greatly influence its extent of binding to a micellar
assembly. [47] The ionic form of a molecule
normally does not interact with and bind the micellar
aggregate as strongly as its neutral form. Indeed,
adjustment of the micellar solution pH is the key
parameter when controlling experimental variables in
a Micelle Mediated Extraction process. [48]

In this study, the pH of sample solution was
performed over wide rang 2 to 9 of buffer acetate.
The experiments were carried out at the separation
temperature of 65 °C. The extraction yield depends
on the pH at which complex formation between metal
ion and ligand occurs. It is evident that the Pd(II)-
IPTS and Co(II)-IPTS H2L systems are reasonably
influenced by the pH, as shown in Figure 4. The
extraction yield reaches the highest amount at pH at
pH 4-5 for Co (II) and Pd(II).

The pH of solution is the most important variable
affecting metal ions removal. At lower pH values, the
formation of complexes is not quantitative. The
minimum extraction observed at low pH could be
related to the higher concentration and mobility of H
ions, which is favored by high solubility and
ionization of metallic salts in acid medium [49]. At
higher pH values, the extraction starts to decrease.
The role of IPTS in the extraction (and hence
determination) is demonstrated by comparing both
curves with curve (a) that represents the analytes
without IPTS (R%=30). A pH of 4.5 was selected to
perform further extractions.

100
e e
% — e,

0 <
» 10
=
% - —=—Co
2 - - Pd
= ———a

w

4

» T

1 2 3 4 L 6 7 ] ;] "
PH

Figure 4: Effect of pH on CPE efficiency of 2x10-5 molL-1 Co(II)
and Pd(II); (a) in the absence of IPTS; (Co, Pd) in the presence of
2x10-4 molL-1 IPTS by using 0.04 % (v/v) Triton X-114.

3.3.2. Effect of IPTS concentration

After the formation of sparingly water-
soluble complexes, the MME is used for the
preconcentration of metal ions. Its efficiency strongly
depends on the hydrophobicity of the ligand and the
complex formed in the miceller medium. Therefore,
the effect of the amount of IPTS on the analytical
responses was subsequently studied. The IPTS ligand
is stable and hydrophobic chelating agent which
reacts with both selected metal ions. Identical MME

Egypt. J. Chem. 67, No. 11 (2024)

experiments were done by using 10° molL™" of IPTS
chelating agent at pH 4.5 and 0.04 % (v/v) Triton X-
114. The results obtained in Fig.5 Shows that the
MME efficiency increases with increasing of ligand
concentration until accomplished (=100%) when M:
IPTS is 1:2 and 1:1 for Co (II) and Pd(I),
respectively. Excess amount of ligand has no
opposite effect on the recovery, which facilities
separation and determination of analytes unknown
amounts. When the analyte concentration exceeds
this ratio, the MME efficiency was declined. This
decline occurs because of deficient amount of ligand
for complete complexation and indirect separation.
Consequently, a concentration of 2 x10™* molL" IPTS
was selected for the following work.

Recovery %

aPTS) molL! x10®

Figure 5: Effect of the IPTS concentration on the recovery of 2x10°
> molL" Co(Il) and Pd(II) in the presence of 0.04% (v/v) Triton X-
114 at pH 4.5.

3.3.3. Effect of Triton X-114 concentration

Triton X-114 is a non-ionic surfactant and its
available, commercial, low cost and toxicology so it
was chosen. Additionally, it facilitates separation by
using centrifuge and increase the density of the
surfactant rich phase. Its concentration determines not
only the result of extraction separation, but also the
volume of the enriched micellar phase. The cloud
point temperature of Triton X-114 allows its use in the
pre-concentration of a large number of chelates and
molecules (50-53). A 2x107 molL"! of (Co, Pd) was
separated in the absence and presence of 2x10™* molL’
" of IPTS at pH 4.5 using different concentrations of
Triton X-114. The results acquired in Fig. 6 present
that the recovery % was 20% in the absence of IPTS
and 100% in the presence of IPTS at 0.04 % (v/v)
Triton X-114 for Co (II) and Pd (II). The decline in
recovery % at high surfactant concentration may due
be to the formation of a hydrated micelle coating on
the solid surface. As a result, the hydrophobicity of
the resulting surface was not acceptable for MME.
0.04 % (v/v) Triton X-114 for Co (II) and Pd (II) was
selected for the extraction of analytes, but at low
concentrations of surfactant, the recovery of
complexes is poor because of a little amount of
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surfactant molecules to entrap the
chelating complexes quantitatively(54).

hydrophobic

Recovery %
0
o

10
000 002 004 006 008 0.10 0.12 0.14 0.16 0.18 020

Concentration of Triton X-114 % v/v

Figure 6: Influence of Triton X-114 concentration on the CPE
efficiency of of 2x10° molL" of Co(Il) and Pd(Il) at pH 4.5 (a) in
absence of IPTS, in the presence of 2x10* molL™" IPTS at pH 4.5.

3.3.4. Effect of the incubation temperature and
equilibration time

Two important factors in Micelle Mediated
Extraction are equilibration temperature and
incubation time. It is known that when MME is
conducted using equilibration temperatures that are
well above the cloud point temperature of the
surfactant, the greatest analyte preconcentration
factors will be obtained. It is desirable to employ the
shortest incubation time and the lowest incubation
temperature in order to ensure the completion of
extraction and efficient separation of phases. Based
on these reasons, the effect of equilibration
temperature and time was examined. The dependence
of extraction efficiency upon equilibration
temperature and time above the cloud point in the
range of 25-80°C and 5-30min was thoroughly
optimized, respectively (see Figures 7 and 8). [55].
The effect of temperature was performed under the
previously  optimum  conditions of  IPTS
concentration, Triton X-114 concentration and pH.
Over a wide range temperature (20-80°C) through
incubation time 15 min. From Fig. 7, it was found the
maximum separation occurred at range (60-80°C), so
the adequate temperature is 70 °C for the both
analytes. The effect of equilibration times was
performed in the range 5-30 min. Fig. 8 explains that
the quite incubation time achieved high recovery of
Co (I) and Pd (II) ions is 15 min

100 - - a
98 //
2 96 4
[
H
; %
g
< o
924 » co
*—Pd
904
20 30 4 s0 L] 70 80

Temperature, °C

Figure 7: Effect of temperature on CPE recovery of Co(Il) and
Pd(II) in the presence of 2x10™* molL" IPTS and 0.04 % (v/v)
Triton X-114 at pH 4.5.
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Figure 8: Effect of incubation time on CPE Recovery of Co(II)
and Pd( 1L ) in the presence of 2x10™ moIL™" IPTS and 0.04 % (v/v)
Triton X-114 at pH 4.5.

3.3.5. Effect of centrifugation time and rates

The effect of centrifuge rate was studied in
the range 500-4000 rpm. The efficiency of the
extraction increased with increasing the centrifugation
rate from 500 to 4000 rpm and no difference was
observed on the analytical signal above 4000 rpm.
Thus, the centrifugation rate was chosen in our study
is 3500 rpm. The effect of centrifuge time was studied
in range 5-30 min. From Fig. 9, the centrifugation
time was selected in the range (10-15 min) and had a
significant effect on the analytical signal is 10 min at
3500 rpm for both metal ions.
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Figure 9: Effect of centrifugation time on CPE Recovery of Co( I
) and Pd(II) in the presence of 2x10* molL" IPTS and 0.04 %
(v/v) Triton X-114 at pH 4.5.

3.3.6. Effect of electrolyte (KCl)

MME can be controlled by adding salts or some
organic complexes (salting-out effect). The effect of
KCI concentration was studied in the range of 0.01-
0.1 M. It was noted that the efficiency of the
extraction of both cations increased with increase the
KCI concentration. The KCI concentration of 0.04 M
was chosen the best concentration had a significant
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effect on the extraction efficiency for Co (II') and Pd(
) ions.

3.3.7. Influence of sample volume

A series of experiments were conducted to extract a
fixed concentration of each analyte (2.0x10° mol L")
from different aqueous volumes (50-1500 ml) under
the recommended conditions. The results obtained
revealed that 2x10° molL" of each analyte can be
quantitatively separated from different aqueous
volumes up to 1 liter using 10 mL of the organic
layer.  The enrichment factor (preconcentration
factor), defined as the ratio of the volumes before and
after MME, was 100.

3.3.8. Effect of interfering ions

The effect of interfering ions was studied by using
2x10° molL" for Co (II) and Pd (II), (n=3) in the
presence of excess amount of IPTS 2x10™ molL™" of
IPTS at pH 4.5 and room temperature. The presented
in Table 3 explain the various effects of the interfering
ions on both analytes.

Table 3: Tolerance limits for the determination of 2x10° molL"
for Co (II) and Pd (II), (n=3) in the presence of 2x10™ molL" of
IPTS at pH 4.5 and room temperature.

Foreign ions | Concentration (ug Recovery %
mL") Co(I) | Pa(m)
Cd*™ 20 98.7 98.5
Ni™ 20 98.8 98.2
Zn* 20 98.8 98.4
Mn* 20 99 99.2
Hg™ 10 98.7 98.8
Ba* 20 99.1 99
Cr? 10 98.7 99.5
Cu” 20 99 98.9
Fe* 20 98.8 98.5
Bi” 20 98.7 98
Al 20 98.9 99
Cr 177.5 98.5 97.2
SO, 300 97.5 100
NO; 310 98.2 100
CH:COO 295 99 98
NO, 230 97.8 98.7

3.3.9 Analytical characteristics

Under the previous experimental conditions,
calibration graphs were achieved by pre-concentration
of the sample 10 ml which containing a known
amounts of the both analytes. Under specified
recommended conditions the calibration graphs of
Co(Il) and Pd(II') had a good linearity in the range of
(0.5-5.0 ug mL™") and (0.1-1.5 pg mL™) respectively,
with a limit of detection (LOD) is established on three
times the standard deviation of the blank divided by
the slope of the analytical graph (35/b), was 0. 143 pug
L' for Co(I) and 0.054 ng'1 for Pd(II). (n-3). The
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analytical parameters of the proposed method (MME)
are illustrated in Table 4. The relative standard
deviation(RSD,%), as a measure of the precision of
the present MME procedure was determined to be less
than 2.0 % for Co(Il ) and Pd(1I)

Table 4: Analytical characteristics of the calibration graphs of the
analytes

Analyte Co(1II) Pd(II)
Linear range, pg mL"’ 0.5-5 0.3-1.5
Regression equation A=0.34667C+ | A=0.63981C+

0.0467 0.02754

Correlation coefficient 0.9915 0.9997
LOD, ugL” 0.143 0.054
LOQ, pgL” 0.432 0.164
RSD % 1.48 1.19
Sample volume, ml 10 10

“A=Absorbance, C=concentration, relative standard
deviation (RSD), Limit of detection (LOD)

3.3. 10. Applications

3.3.10.1. Analysis of water samples

In order to investigate the applicability to natural-
water samples, the recoveries of known amounts of
Pd(II) and Co(II) added to distilled water, Nile water,
Tap water and sea water samples were examined by
such a procedure. To 20 ml aliquots of clear
uncontaminated, filtered water samples 1, 3 and 5 ug
of Pd(Il) or Co(Il) were added and the pH was
adjusted to pH 4.5. After MME (as previously
mentioned), 0.5 mL of methanol was added to the
surfactant-rich phase and a 100 pL of the solution
was transferred into a quartz cell containing the blank
to measure the absorbance of the solution at 548 nm
and xxx for Pd(II) and Co(Il), respectively. The
separation % (S, %) was calculated according to
Eq.1. The results are given in Table 5. It is worth
noting that, a parallel series of the same experiments
were carried out under the same conditions, and that
the palladium content was completely eluted and
introduced directly into for a Pd(II) ICPOES as a
confirmatory test. The results revealed that high
confirmation is gained. The data given in Table 3
demonstrates that the technique is applicable to the
analysis of Pd(II) and Co(Il) in different water
samples, and is satisfactory.

3.3.10.2. Analysis of pharmaceutical samples

Under the achieved conditions, MME was
applied then followed by FAAS to determine Co (1II)
in some pharmaceutical samples (Vitamin B12
ampules). The perfect results were acquired and the
reported data was in Table 6.

3.3.10.3. Synthetic mixtures Application
Numerous synthetic mixtures of 10 ml of
aqueous sample solution which containing different
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compositions of various metal ions and the analytes of
known concentrations, 2x10* molL" of IPTS and
0.04% (v/v) of Triton X-114 at pH 4.5 for Co( I ) and
Pd(II). The procedures of MME were done under
previous optimized conditions and the recoveries of

Table 5: Recovery of Co (II) and Pd(Il) in different water samples (n-3) after CPE using 2x10™* molL"! of IPTS at pH 4.5 and room

the analytes were determined in the presence of
various concentrations of interfered ions by using ICP
OES. The results obtained in Table 7 shows that good
recoveries of the analytes were achieved in all

mixtures.

temperature.
Types of water Co (), uygmL" Pd (1), ugmL" Recovery, % RSD, %
(location) added | Found | Added Found | Co(Il) [ Pd(Il) | Co(I) | Pd(I)
Distilled water 0.00 | 0.00 0.00 0.00 0.00 [000 000 ]0.00
3.00 [297 1.00 0.98 99 98 1.00  [0.70
6.00 | 5.898 3.00 2.919 983 [973 1070 10.70
9.00 | 8.892 5.00 4.91 988 [982 [078 071
Tap water 0.00 | 0.00 0.00 0.00 000 [000 [0.00 [0.00
(our laboratory) 3.00 | 291 1.00 0.996 97 99.6 1.41 0.15
6.00 | 5.796 3.00 2.994 96.6 | 99.8 1.58  [0.16
9.00 |8793 5.00 4.97 977 [994 1223 25
Nile water 0.00 | 0.00 0.00 0.00 000 [000 [000 [0.00
(Mansoursa city) 3.00 [2.96 1.00 0.982 98.6 [982 (0.5 1.58
6.00 | 5.898 3.00 2.99 983  [99.6 1.58 1.57
9.00 | 8.802 5.00 4.96 978 [992 [223 2.64
Sea water 0.00 | 0.00 0.00 0.00 000 [000 [000 [0.00
(Marsa Matrouh) [ 3.00 | 2.961 1.00 0.988 987 |[98.8 [055 0.70
6.00 | 591 3.00 2.92 985 [973 [0.75 1
900 | 8793 5.00 4.96 97.7 [ 992 1.63 1

Relative standard deviation (RSD)

Table 6: Statistical evaluation for analysis of some pharmaceutical vitamin samples after CPE (n=3). Comparison of experimental mean (X)
mg/ampule with true value (), by [t]; test.

Sample X) 1 S [t]; RSD, %
No. 1 1.9 2.00 0.01 1.73 1.5
Biovit 12 (Medical Union Pharm) ampule
No. 2 1.98 2.00 0.02 1.73 23
Depovit B12(Amriya Pharm) ampule

(X): experimental value, () true value; |t|, for P = 0.05 and n.3 (2 degree of freedom) = 4.303. R.S.D., %:

Relative standard deviation.

Statistical parameters: n = 5, +ts/Vn, s = standard deviation, t = student factor, p = 0.05.

Table 7: Recovery of Co (II) and Pd (II) from synthetic mixtures (n-3) in the presence of 2x10™ moIL™ of IPTS at pH 4.5 and room

temperature

Synthetic mixtures Concentration added of each Co(Il) (ugmI") Pd(II) (ug ml")
composition (g mL") of Co(Il) and Pd(I)(ug mL") [founded | R% | founded | R %
Pb™ + Hg™ 2.00 1.96 98 1.95 97.5
Mn** + Ni** 2 1.98 99 1.97 98.5
Pb* + Hg™ + Ba™ 3 2.97 99 2.98 99.3
Fe' + Cr” + Al 3 2.98 99.3 2.96 98.7
N+ B+ O 1 AL 4 3.89 97.2 3.91 97.7
Ag"+Au” +Ni** + Zn" 4 3.90 97.5 3.88 97
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3.3.11. The plausible Mechanism of the interaction
between Triton X-114 surfactant and Pd(II)-IPTS
and Co(II)-IPTS complexes

Initially, in MME extraction, a micellar (surfactant-
rich) phase is added to the sample which is originated
from homogeneous surfactant solution. A non-polar
core is developed due to its hydrocarbon tails towards
the center by a micelle [58]. The, the separation of
compounds occurs in the hydrophobic core of
micelles. During heating, cloud is generated due to
nonionic surfactants. These clouds then form two
coexisting isotropic phases. At a specific temperature,
also called as clouding point temperature, surfactant-

rich and a surfactant-lean phases are formed due to
physical change in the homogeneous solutions of
amphiphilic substances. Because of the attraction a
cluster is formed. The mechanism by which this
separation occurs is attributed due to the rapid
increase in aggregation number of the surfactant’s
micelles, as a result of the increase in temperature, or
any other critical phenomena (Fig. 10). This effect
causes a decrease in the effective area occupied by
the polar group on the micelle surface, increasing the
size of the micelle that can be considered to become
infinite at the cloud point, resulting in phase
separation.
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Figure 10 CPE of Pd(II) and Co(II) using IPTS extractant and Triton X-114 nonionic surfactant

The plausible interaction between Triton X-114
surfactant and Pd(II)-ISPT and Co(II)-ISPT
complexes is schematically represented in Figure 11.
Triton X-114 surfactant is immiscible with water
molecules, which is more favorable for effective
separation of Pd(II)-ISPT and Co(II)-ISPT complexes
from water. There are also several chemical and
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physical interactions occurring between Triton X-114
surfactant and Pd(II)-ISPT and Co(Il)-ISPT
complexes such as orbital interaction, charge-charge
interaction, and hydrogen bond interaction with
neutral molecules, van der Waals interaction between
alkyl chain, CH-r interaction, m-m interaction, and n-
7 interaction (Figure 11) [57-60].

(>\=/C"/

(i) The possible molecular interaction at molecular level
between Triton X-114 and Co(II)-ISPT

(ii) The possible molecular interaction at molecular level between
Triton X-114 and Pd(II)-ISPT

(A) H (surfactant triton x-114) — N (Co- complex) interaction.
(B) H (surfactant triton x-114) - S (Co-complex) interaction.
(C) m (surfactant triton x-114) - © (Co-complex) interaction.
(D)H (surfactant triton x-114) - N (Co-complex) interaction.
(E) O (surfactant triton x-114) — H (Co- complex) interaction.
(F) H (surfactant triton x-114) — N (Co- complex) interaction.

(A) H (surfactant triton x-114) — S (Pd- complex) interaction.
(B) H (surfactant triton x-114) - S (Pd-complex) interaction.
(C) = (surfactant triton x-114) - © (Pd-complex) interaction.
(D) O (surfactant triton x-114) - H (Pd-complex) interaction.
(E) H (surfactant triton x-114) — N (Pd- complex) interaction

Figure 11 The plausible interaction at molecular level between Triton X-114 and (i) Co(I)-ISPT; (ii) Pd(I)-ISPT

complexes
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3.3.12. Performance of the proposed IPTS

In order to enhance the value of method, we carried
out a comparative study of the detection limit of
cobalt and palladium obtained from the present study
obtained for the same pollutant to other methods
reported in the literature. Table 8 grouped together
the different values of detection limit of cobalt and
palladium for the different methods. We can see that
the detection limit of cobalt and palladium observed
in the present study is well positioned with respect to
other researches with a LOD(ug L") of 0.1430 and
0.054 for Co(Il) and Pd(II), respectively, relatively,

interesting compared to other methods. The
differences of the LOD of Co(II) and Pd(II) ions are
due to the properties of each ligand like the structure,
the functional groups and the method of
determination. IPTS could be an attractive ligand
owing to its N and S donor sites. In the future, the
biological activities of different IPTS derived
complexes will be investigated. = Moreover,
modification dialdehyde cellulose from agro-residues
using IPTS, can be implemented to be applied in the
wastewater treatment plant for cationic and anionic
textile dye removal from wastewater.

Table 8: Comparative table for determination of cobalt and palladium in different types of samples applying CPE before analysis by ICP OES

Reagent Surfactant Sample Element LOD Sample Detection Reference
volume(mL) (ug mL™")
APDC Triton X-114 10 Co 2.1 Biological TS-FF- [61]
ussues FAAD
APDC Triton X-114 10 Co 5.0 Water FAAS [62]
ACDA Triton X-114 10 Co 7.5 Water SP [63]
Me- BTABr Triton X-114 10 Co 0.9 Water FAAS [64]
IPTS Triton X-114 10 Co 0.143 Water ICP-OES This work
PMBP PONPE 7.5 10 Pd 0.0018 Mine FAAS [65]
samples
DDTP Triton X-114 10 Pd 1.4 x10” Blood ETAAS [66]
PAN Triton X-114 10 Pd 4x10° Water TLS [67]
IPTS Triton X-114 10 Pd 0.054 Water ICP-OES This work
Reagent Surfactant Sample Element LOD Sample Detection Reference
volume(mL) (ug mL™")
APDC Triton X-114 10 Co 2.1 Biological TS-FF- [61]
tissues FAAS
APDC Triton X-114 10 Co 5.0 Water FAAS [62]
ACDA Triton X-114 10 Co 7.5 Water SP [63]
Me- BTABr Triton X-114 10 Co 0.9 Water FAAS [64]
IPTS Triton X-114 10 Co 0.143 Water ICP-OES This work
PMBP PONPE 7.5 10 Pd 0.0018 Mine FAAS [65]
samples
DDTP Triton X-114 10 Pd 1.4 x10” Blood ETAAS [66]
PAN Triton X-114 10 Pd 4x 107 Water TLS [67]
IPTS Triton X-114 10 Pd 0.054 Water ICP-OES This work
4. Conclusion an efficient chelating extractant for
In this study, the combined advantages of the Micelle quantitative Micelle Mediated
Mediated Extraction process and the use of a Extraction of palladium(Il) and
polydentate Isatin-3-(4-phenyl-3-thiosemicarbazone) cobalt(Il). The simple synthesis, the
(IPTS) as extractant were utilized for extraction of formation of stable complexes, and
palladium(II) and cobalt(Il) in different real samples. consistency with the Micelle Mediated
From the results obtained, the following conclusions Extraction process are the major
can be drawn: advantages of the use of this type of
) The complexes of Pd(I) and Co(II) extractants in  Micelle  Mediated
with IPTS were simply synthesized and Extraction of Pd(II) and Co(II).
characterized by elemental analysis, @iv) The extent of extraction is markedly
FTIR and UV-vis spectroscopic influenced by the pH of the aqueous
performances. solution and the concentration of the
(ii) The IPTS acts as a polydentate extractant and nonionic surfactant.
extractant that chelates with Pd(II) and ) The good biodegradability of the
Co(II) through the N and S donor sites. nonionic surfactant and the easy
(iii) The Isatin-3-(4-phenyl-3- disposal of the small volume fraction of

thiosemicarbazone) (IPTS) proved to be
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the aqueous surfactant rich phase are
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