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Abstract

In this study, a conjugated methodology of both cloud point extraction and inductively coupled plasma optical
emission spectroscopy (CPE-ICP-OES) was employed for the ultra-trace determination of Pd?* in various
environmental samples. The N, N'-(1, 2-phenylene) bis (3-amino benzamide Schiff base, (A1) was utilized to form
red colored [Pd"-(A1).] complex, at pH 4. Initially, the complex was isolated in the surfactant-rich layer by applying
a nonionic surface-active agent, Triton X-114. Furthermore, the surfactant-rich layer was eluted using 3 mol/L
HNO; and the concentration of Pd?* was, then, determined using ICP-OES. The different experimental variables
affecting the CPE were investigated as the solution acidity, the concentration of metal ion, chelating ligand and the
surface-active agent, the different types of surface-active agents, temperature, and centrifugation time. The
analytical detection limit of Pd?* was found to be 0.02128pug/L, with a pre-concentration factor of 100. The recovery
(%) of the Pd?* is >95% and the relative standard deviation (RSD, %) is <1%. The proposed CPE-ICP OES has
been successfully applied for the determination of Pd?"in real water samples. The plausible mechanism of

interaction between the [Pd"-(A1)2] complex and TX-114 is elucidated.
Keywords: Schiff bases; TX-114; Cloud point extraction; ICP-OES; Palladium

1. Introduction

In this century, water-related issues have
emerged as one of humanity's greatest concerns[1].
The term "water pollution” refers to the disruption of
aquatic ecosystems caused by the introduction of
foreign substances[2,3]. Because of this, the water
becomes toxic, posing a threat to both human and
animal life. Hydration is crucial in the cycle of nutrient
reuse[4]. Sedimentation, erosion, temperature, and the
dumping of oil, grease, detergents, and pesticides
down drains, as well as certain nutrients, agricultural
activities, and hazardous pollutant agents, are just a
few of the many elements that may have a major
influence on water quality[5].

Palladium is frequently utilized globally in the
industry as it has remarkable chemical and physical
characteristics, like its high corrosion resistance,
stability in its thermoelectricity, and its activity as a
catalyst[6]. The electronic industry, the production of
dental and medical equipment, the chemical processes
of hydrogenation, dehydrogenation, and organic
synthesis, and the development of automobile catalytic
converters are just some of the many industries in
which  palladium has found considerable

application[7]. Currently, it is anticipated that the
production of auto catalysts consumes more than fifty
percent of the world's yearly palladium output[8]. The
elevated palladium consumption in several industrial
sectors has remarkably raised pollution caused by
palladium[9].

Methylated processes in aquatic environments
were thought to be enhanced by palladium and that, by
applying the suitable conditions, it might become
concentrated in the food chain, causing threats to
ecosystems and human health[10]. Hence, it is vital to
develop a strategy for detecting palladium traces in
water samples that is necessarily rapid, dependable,
and precise. The matrix effects and/or the low
palladium concentration make it difficult to acquire
precise results using conventional analytical
strategies. To overcome these difficulties, pre-
concentration and separation methodologies are used
[11] such as Adsorption[12-24], LLE(liquid-liquid
extraction)[25], co-precipitation[26], column
extraction[27],  ISE(ion-selective  electrode)[28],
flotation[29-31] and CPE(cloud point extraction)[28].
The cloud point extraction technique has many
advantages over other methods. It is quick, simple to
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use, and environmentally friendly[32] and it also uses
non-toxic surfactants[33].

ICP-OES was used for the identification of
divalent Pd traces after its pre-concentration using a
chelating agent[34]. There have been raising interest
in the use of chelating agents as hydrophobic
extracting agents in the isolation of trace metal
ions[35]. Using CPE, large amounts of sample fluids
may be isolated from inorganic ions. In coordination
chemistry, Schiff bases may act as a starting point for
designing a wide range of ligand complexes that can
bind to metal ions in tunable methods[35,36].

The preparation of the C1 complex (a nano
divalent palladium complex with the N, N'-(1, 2-
phenylene) bis (3-amino benzamide) Schiff base, A;
and its characterization has been reported in our
recently published work [37].

A review of the literature revealed that the
combined CPE-ICP OES determination  of
palladium(ll) is rarely reported using the N, N'-(1, 2-
phenylene) bis (3-aminobenzamide) Schiff base ligand
(A1) and Triton X-114 surfactant.

In  this study, pre-concentration and
determination of Pd(Il) traces in variable
environmental water samples through CPE ICPOES
methodology have been employed. In this study,
Pd(11) was preconcentrated and separated using A; as
a chelating ligand and TX-114 nonionic surfactant
followed by ICP OES determination. The parameters
affecting the CPE of Pd(ll) were thoroughly
investigated viz. the influence of solution acidity, the
influence of metal ion and chelating ligand
concentration, the influence of surface-active agent
concentration, the influence of different types of
surface-active  agents, temperature influence,
centrifugation time and rate influence, foreign ions
influence and volume influence were studied.

2. Experimental
2.1. Reagents and solutions

All the chemicals used in this work were of
analytical-reagent grade, and doubly distilled water
(DDW) was used. Palladium(Il) chloride hydrated
PdCl,.2H,O was obtained from Sigma Aldrich.
Different stock solutions were prepared. 1x10*mol/L
Pd (Il) stock solution was obtained by dissolving
0.00106 g PdCl,.2H,0 in 100 ml DDW in the presence
of 1.0 ml conc. HCL. Stock solution of the Schiff base
(A1) (1x10°mol/L) was prepared by dissolving
0.04385 g (A1) in 100 ml of ethanol. Without
additional purification, the non-ionic surfactant TX-
114 from Sigma Aldrich was employed, scheme 1. A
stock solution of TX-114 at 1% (v/v) was created by
dissolving 1 mL of TX-114 in 5 mL of ethanol and
adding 100 ml DDW.
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Schemel: Triton X-114 structure.

2.2. Instrumentation

Using KBr tablets and a JASCO FT/IR-460
spectrophotometer at room temperature, the FT-IR
spectra were reported in the 400-4000 cm™ range.
Using a PerkinElmer 550 Spectrophotometer and a 1
cm quartz cell, the UV-Vis spectra of Schiff base (A1)
and the palladium complex (C1) throughout a
wavelength range of 200-900 nm, were obtained. An
ICP-OES Varian spectrometer Model Varian Vista
Pro, CCD Simultaneous was used to determine Pd(I1)
concentration.

2.3. Preparations
2.3.1. Preparation of the Schiff base ligand (A1)

In recently published work[38], the Schiff base
(A1) was prepared by the refluxing 3-aminobenzoic
acid (3-ABA) (2.0 mmol, 0.2743g) dissolved in 10 ml
ethanol with 5 ml of 1, 2-phenylenediamine (Phen)
(1.0 mmol, 0.1081 g) dissolved in ethanol in the
presence of 2 drops of glacial acetic acid (1mol/L) for
2 days at 75°C according to reaction synthesis scheme
2. The produced reddish-brown precipitate was
filtered, washed many times using water/ethanol, and
then dried under a vacuum atmosphere. The proposed
mechanism of Schiff base ligand (A:) synthesis is
presented in scheme 2 and the 3 D structure of A; is
presented in scheme 3.

M, WL 2 phenylene) bis (3 nimdic acid |

Scheme2: The proposed mechanism of synthesis of
the Schiff base ligand (A1)
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Scheme3: 3D structure of ligand

2.3.2. Preparation of Pd-(A1) complex

Palladium-A; complex (C1) was prepared by
refluxing of PdCI,.2H,O (1.0 mmol, 0.2134q)
dissolved in 10 ml DDW with the Schiff base (A;) for
2 days at 75° C, relative to reaction synthesis. As the
reaction proceeded, the color of the solution shifted
from reddish brown to a dark red precipitate. The dark
red precipitate was filtered, washed many times using
water/ ethanol, and then finally dried under a vacuum
atmosphere[39].

The proposed mechanism of palladium complex
(C1) preparation is presented in scheme 4 and the 3D
structure of Pd-A; complex is given in scheme 5.
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Scheme 4: The proposed mechanism of the synthesis

of palladium complex (C1)

Scheme 5: 3D Structure of Pd complex

2.3.3. Analytical procedure

For separation and determination of palladium, a
sample solution containing 0.94 x 10 ¢ mol/L of Pd(I1)
was transferred to a 10 ml centrifuge tube. Then, 2 mi
of an acetate buffer solution with pH 4, 1.88 x10¢
mol/L of A;, and 1 ml of (0.06 %V/V) TX-114, were
added. The solution was made to 10 ml using DDW.
The centrifuge tube is then placed in a water bath for
20 mins at 60 °C to reach equilibration. The sample
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was centrifuged for 10 minutes at 3500 rpm. Then,
centrifuge tube was kept for 15 minutes in an ice bath.
The TX-114 rich phase will be settled as a spot at the
bottom of the centrifuge tube and the aqueous layer
above can then easily be removed by aspiration. The
TX-114 rich phase was eluted with 3 mol/L HNO3 and
introduced to ICP-OES to measure the concentration
of Pd(I1). The Separation efficiency of CPE (E %) was
calculated in the surfactant-rich phase from the
relation:

E%= (Cf/Ci) x100

Where Ci was the initial concentration of the
Pd(1l) in the mother liquor before CPE and C; was the
concentration of the Pd(Il) after CPE in the TX-114
rich phase.

2.4. Analysis Water samples

Several natural water samples, including Nile
water, tap water, and seawater, were collected from
Al-Mansoura and Marsa-Matrouh cities. Before
analysis, the water samples were pre-filtered, the pH
was set to 1 by concentrated HCI drops, and they were
kept in clean, high-quality plastic containers.

3. Results and discussion

3.1. Method development

ICP OES should be used under the proper
circumstances before analyzing both real and standard
samples. The optimized parameters of ICP OES are
given in Table 1.

Tablel: Optimal parameters of ICP-OES for
determining Pd(11)

RF generator | 1.2 Pd 340.458
power (kW) wavelength

(nm)
Frequency of | 40.68 | Viewing 9
RF generator height (mm)
(MH2)
Plasma  gas | 12 Pump rate | 15
flow rate (I (rpm)
min!)
Auxiliary gas | 0.75
flow rate (I
min™")
Nebulizer 160
pressure (kPa)

3.2. Characterization
3.2.1-FT-IR spectra

Figure 1 demonstrates the FTIR spectra of the
ligand A1, the Pd-A; complex, and the Pd-A; complex
in the organic layer. (a-c). As was already noted, the
amino groups v (OH) of the alcohol, v (OH), v (NH)
of azo -hydrazo form, and v (NH_) are recognized to
the IR of Ai, Figure 1a, which exhibits absorption
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broadband in the region between 3635 and 3278 cm™.
The v (CH)-sp3 band is assigned to the band at 2935
cmt. The broad bands resulting from the creation of
the two types of azo and hydrazo structures, as well as
the bands between 1730 and 1440 cm, are attributed
to v (C=0), v (C=N), and v (C=C). The v (C-N) group
is responsible for the band that was shown at 1385 cm-
1. Aromatic CH is the reason that bands between 1330
and 736 cm™ appear[40]. The complexation of the
ligand with the metal ion is demonstrated by the IR
spectra of the Pd (11)-A1 complex, Figure 1, b. It was
discovered that there is a considerable shift of the v
(OH), v (NH), v (C=N), and v (C-N), vibrations in the
spectra of the free ligand A; compared to that of the Pd
(IT) ion. The fact that the vibrations of v (C=C) and v
(C=0) are more or less in the same area indicates that
(C=C) is not involved in the coordination of the metal
ion[41]. As aresult, A; functions as a neutral bidentate
coordination site through the azomethine nitrogen
(C=N), (C-N), (C=0), and v (OH) atoms. Additional
evidence for this observation comes from the newly
discovered bands at 671 and 436 cm™ and regions
attributed to v (Pd-O) and v (Pd-N)[42], respectively.
The IR spectra of the Pd-A; compound in the organic
layer, Figurel, c, and the Pd-A;, Figurel, b, are
comparable, indicating that the CPE process may be
physical in nature.

3.2.2-UV-vis spectra

Figure 2 indicates the electronic absorption
spectra of A; and Pd(I1)-A; in the aqueous solution and
in the TX-114 rich phase. As seen in Fig2, the A;
(Fig2a) expresses three absorption bands at 226, 296,
and 440 nm, which were determined to be the result of
intra-ligand charge transfer (n- n* and n-n*). While the
236, 268, 274, and 510 nm which are the four
absorption bands of Pd(I1)-A; reveal that they were
produced by the intraligand charge transfers (n- 7* and
n-n*) and the ligand-metal charge transfer transitions,

respectively. There is a major difference in the
absorption spectra of Pd(l1)-A; in Triton X-114 and
the aqueous solution from those of A;. It is noted that:
1) the Pd(I1)-A1 Amax is red-shifted (at 70 nm) from that
of A; and 2) Pd(I1)-A; absorbance in the Triton X-114
system is about four times greater than the absorbance
of Pd(Il)-A; in aqueous solution. The previously
mentioned results illustrate that the species are very
concentrated in the Triton X-114 layer[42].
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Figurel: The IR spectra of (a) the ligand A, (b) Pd-
A; complex, (c)Pd-A; complex in Triton X-114.
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Figure 2: The electronic absorption spectra of (a)
Schiff base ligand (A1), (b) Pd complex (C1) in
aqueous solution and (c) Pd -A; complex (C1) in

Triton X-114

Table2: Analytical and some important physical measurements for A; and C1:

C1 As Assignments
Refluxing Refluxing Preparation Method
Dark red Reddish-brown Color
Fine crystal Powder Aspect
> 300 174.1 Melting Point (°C)
48 hours 48 hours Reaction Time
86.4 96.5 Yield (%)
CaaH2sN4O4Pd C24H30N4O4 Chemical Formula
3451-3275 3635-3278 v(OH)-v(NH) ®
azo hydrazine form g TE
1636 1730 v(C=0) £ S
1454 1470 v(C=N) =9
1345 1440 v(C=C) 28
1253 1385 v(C-N) 5 §
671 v(Pd-0) s 2
436 v(Pd—N) O
236,268,274,510 226, 296, 440 UV- Amax (M)
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3.3. CPE-ICP OES determination of Pd(11)
3.3.1. Influence of pH

pH has a vital role in metal—chelation and the
production of extractable species from ionic analytes
via the Schiff base A;. The effect of pH on CPE of Pd
was studied in the pH range (2 - 10) using 0.94 x 10
mol/L with 1.88 x 10% mol/L A; and 0.06% (v/v)
Triton X-114. The results are given in Figure 3.
Maximum absorbance took place at pH 4, so, pH 4 was
selected for further studies. The reduction in
absorbance at basic pH was attributed to the
precipitation of the analyte ions in the form of
hydroxide or may be due to the decomposition of the
complex at this pH value [43]. While at a highly acidic
pH values(pH<4), the decrease in the absorbance may
be due to competition from hydronium ions towards
ions for complexation with A; and also due to the fact
that A; is in the non-ionic form at highly acidic media
[44]. As it can be noticed, in the absence of A;(Figure
3a), the efficiency of extraction didn't exceed 20%.
During the existence of A; (Figure 3b) cloud point
efficiency of Pd(Il) readily enhances to nearly 100%
around pH 4 and is followed by a reduction in its value.
Thus, pH 4 was selected for the following studies.

o :

Figure3: Effect of pH on CPE of 0.94 x 10 mol/L
Pd(11): (a) in the absence; (b) in the presence of
Schiff base ligand (A1), using 0.06% (v/v) TX-114.

3.3.2. Inflence of concentration of A: Schiff base
ligand and palladium

The CPE efficiency is dependable on the
hydrophobicity of the chelating agent (ligand) and the
formed complex. Trials of CPE of Pd were conducted
by the addition of variable concentrations of Az to an
appropriate concentration of Pd 0.94 x 106 mol/L and
0.06% (v/v) Triton X-114 at pH 4. From the results
(Figured), Pd(I1) extraction efficiency was increased
by increasing Ai concentration in the range of (0.5-5)
x 10 mol/L. The maximum extraction efficiency of
Pd(Il) was found at A; (1.88 x 10% mol/L)
concentration at a ratio of 1:2 (Pd: Aj). Increasing the
concentration of A; above this level doesn't affect the
efficiency of extraction. A finding that can help in the
analysis of Pd in samples of unknown concentration.
To confirm the previous results, a series of tests were
conducted by changing the Pd amount. The obtained
data showed that complete extraction occurs at the
same previous ratio of 1:2 (M: L). Above such a ratio
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increasing Pd concentration leads to a decrease in the
CPE efficiency.
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Figure4: Effect of concentration of A; Schiff base
ligand on CPE of palladium 0.94 x 10 mol/L using

0.06% (v/v) TX-114 at pH 4.

3.3.3. Influence of Triton X-114 Concentration:

Triton X-114 was considered because it is
commercially available in a highly refined
homogeneous form, is inexpensive, and has acceptable
toxicological characteristics. Moreover, centrifugation
is easily achieved for separation due to the surfactant-
rich phase's high density. With all experimental
parameters held constant, a variety of concentrations
(0.01 -0.1) (v/iv) % were applied to examine the
influence of Triton X-114 amount on removal
efficiency. In (Figureb), the findings revealed that at
reduced surfactant amount, the separation of the Pd is
poor as there are not enough surfactant molecules to
isolate the ligand-metal complex quantitatively. The
efficiency increases dramatically by raising the
surfactant's concentration. The extraction efficiency
reaches its maximum value at Triton X-114
concentration of 0.06% (v/v). Hence, 0.06% (v/v) of
Triton X-114 was kept constant throughout all
subsequent experiments[45].

S

o0 - @‘r‘/{_—.__\—_-

Eii @

20 —r—a

0.0 ooz P o ae oo
Concentation of Triton 2114 % (V/iv)

Figure5: Effect of Triton X-114 Concentration on
CPE of 0.94 x 10 mol/L palladium at pH 4: (a) in
the absence of A;and (b) using A; (1.88 x 106
mol/L).

3.3.4. Influence of different types of surfactants
Several surfactants were used for CPE
investigation to pre-concentrate the formed Pd(ll)
complex (C1). The investigation occurred through the
interaction between C1 complex and the hydrophobic
surfactant layer. The removal efficiency of the CPE
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technique was examined using different types of
surfactants as neutral Triton X-100 and Triton X-114,
and cationic cetyltrimethylammonium  bromide
(CTAB). This study proved that CPE of Pd using
neutral TX-114 was nearly 100%, while the CPE of Pd
by the other surfactants was less than that as shown in
Table 3. So, Triton X-114 was chosen for this work.

Table3: Effect of different types of surfactants on CPE
of palladium using (0.94x10-°mol/L analyte at pH4 in
the presence of 1.88x10°mol/L A,):

CPE%
Surfactant Pd (I
TX-100 94.0
CTAB 72
TX-100/TX-114/CTAB 94
TX-114 99.7

3.3.5. Influence of the equilibrium temperature and
time

The equilibrium temperature parameter was
investigated at the range of (20-90°C). The data in
(Figure6 and 7) shows that the highest recovery was
achieved at the range between 60°C and 80°C. After
80 °C, the intensity of the signal decreased as the
complex will break down at higher temperatures.
While the effect of the incubation time was
investigated within the range of (5-60 min). It was
noted that the incubation time of 20 min is sufficient
for the maximum absorbance of analyte ions. The
results demonstrate that the incubation time of 20 min
and the temperature of 60 °C were selected for further
experiments[43].

110

Temperature *C

Figure6: Effect of equilibrium temperature on CPE
of palladium (0.94 x 10 mol/L) using A; (1.88 x 10
¢ mol/L) and 0.06% (v/v) TX-114 at pH 4.
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Figure7: Effect of incubation time on CPE of
palladium (0.94 x 10 mol/L) using A; (1.88 x 10
mol/L) and 0.06% (v/v) TX-114 at pH 4 at 60°C.
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3.3.6. Influence of centrifugation time and rate:

For achieving the optimum separation
conditions, the centrifugation time and rate parameters
on the Pd(Il) extraction recovery were studied. The
centrifugation rate and time effects were investigated
in the ranges of (500-4000 rpm) and (5-20 min),
respectively. After 10 minutes, the surfactant-rich
phase was completely separated, Figure 8.
Accordingly, a centrifugation time of 10 min at 3500
rpm was used in subsequent experiments.

° ; " " :‘: £
Centrifugation time, min

Figure 8: Effect of centrifugation time on CPE of
palladium (0.94 x 10 mol/L) using A; (1.88 x 10®
mol/L) and 0.06% (v/v) TX-114 at pH 4 at60°C

3.3.7. Influence of volume:

A series of experiments was carried out to extract
a constant concentration of the analyte (0.94 x10
mol/L), from different aqueous volumes using a
suitable laboratory tool under the recommended
conditions. Hence, different volumes of a water
sample 10-250mL and a constant volume of Triton X-
114 surfactant 0.06% were chosen. CPE efficiency
was not considerably affected up to 100 ml (recovery
>95%) and reduced significantly as sample volume
increased above 100 ml. The ratio between the initial
volume of analyte's solution and the resulting diluted
surfactant-rich phase is termed the enrichment factor
(preconcentration factor). Accordingly, this study has
a preconcentration factor of 100 for the analyte under
investigation[46,47].

Recoery(a)

T T T
a a0 g =1 2m ix
Volume{ml}

Figure 9: Effect of volume on CPE of palladium
(0.94 x 105 mol/L) using A; (1.88 x 106 mol/L)
and 0.06% (v/v) TX-114 at pH 4 at 60°C.
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3.3.8. Influence of different Elutants

To make it easier to introduce the surfactant-rich
phase sample to the ICP-OES nebulizer, the acquired
surfactant-rich phase post-isolation should be diluted
given that it was highly viscous. Different solvents
such as acetone, ethanol, methanol, nitric acid, and
acidic solutions (of ethanol and methanol) were
examined to select the optimal one according to the
signal sensitivity. The reduction of the Pd(Il)
absorbance signal occurred in presence of the all
examined solvents except for HNOs. So, nitric acid of
3 mol/L concentration was used (by applying 3ml).

3.3.9. Influence of added electrolyte

Salt addition is frequently used for ionic strength
adjustment as it improves extraction efficiency and
reduces the detection limit. The KCL concentration
affect the C1 separation that was studied by varying its
concentration from 0.01lmol/L to 0.1mol/L. It was
shown that the C1 extraction efficiency increased with
the increasing KCL concentration. The recovery
increased with the KCL concentration range from
0.01mol/L to 0.04mol/L, and above the 0.04 mol/L of
KCL concentration the recovery decreased. The
recovery enhancement may be due to the hydrophobic
interaction  elevation between the surfactant
aggregates and Pd(Il) ions. High salt concentrations
may cause disturbance to the phases' separation as it
leads to an increase in the water drops' density[48].

3.3.10. Influence of foreign ions

According to the ICP-OES high selectivity, the
effect of various interferences on the preconcentration
procedure was investigated. It occurred through the
addition of known amounts of the investigated ions to
the aqueous solution containing Pd(Il) ions using the
proposed methodology. The tolerance level was
defined as the maximum amount of foreign species
producing an error of +5% in Pd(ll) determination.
The results indicate that some metal ions have no
considerable effect on the Pd(ll) response, while
others have acceptable limits of interferences with
Pd(1l) as shown in Table4[49].

Table4: Tolerance limits for the determination of
0.94x10-%mol/L Pd:

L. . R%
Foreign ions Concentration (mg/L) =
Pb*2 5 99
Ni*2 5 97.2
Mn*2 10 98.1
Hg*? 5 96.4
Cr*3 10 98
Cu*? 3 97.9
Fe*3 3 97.3

Co*2 3 98

Na* 230 98.7
CHsCOO- 295 98.4

NOs 310 99.5
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3.3.11. Analytical characteristics

The calibration graph was linear in the range of
0.1-1 pg/mL under optimum conditions. The
calibration equation has a correlation coefficient of
0.9934 and is written as y = 2.6685x+ 0.0426. The
limit of detection was 0.02128 pg/L (specified to
LOD= 3 SD/m, where SD and m are the blank’s
standard deviation and calibration curve's slope) The
limit of quantification (LOQ) was 0.0636 pg/L (can be
calculated as following 3LOD). (c =5.0 g/ mL, n =3)
The relative standard deviation was 0.022%. Table5
provides a detailed breakdown of this technique's
analytical features[50].

Table 5: The analytical figures of merit of the method

Parameter Pd (1)
Linear range (ng/mL) 0.1-1
SD 0.01731
RSD % (n=3) 0.022
LOD (ug/L) 0.02128
LOQ(ug/L) 0.0636
Enrichment factor 5
Correlation coefficient 0.9934
Regression equation* y = 2.6685x + 0.0426
Sample volume (ml) 10

3.3.12. Applications
3.3.12.1. Recovery of Pd(ll) in spiked natural water
samples

This method's validity and reliability to samples
of natural water were investigated by testing the
recoveries of some known concentrations of
divalent Pd applied to various water samples
including doubly distilled, river, and sea samples. The
2, 4, and 6 pg of Pd(Il) were added to 20 ml aliquots
of filtered water samples, and a dilute acid solution of
HCL was used to set the solution's acidity to 4. The
scum layer was inserted immediately into ICP-OES
for Pd(Il) analysis after CPE (as was previously
indicated). The recoveries attained ranges from 97.7 to
99.7%. These findings suggest that the detection of
trace Pd(Il) in actual water samples could be
accomplished using this analytical approach.
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Table6: Determination of Pd(l1) in natural water samples by ICP-OES after using 1.88x10° mol/L Ay, 0.06%(V/V)
Triton X-114 at pH 4.0 at room temperature: (n=5)

Types of water Spiked Measured Recovered Recovery RSD
(location) (ug/ml) (ug/ml) (%) (%)
0.00 0.00 0.00 0.00 0.00

Distilled water 2.00 1.991 1.991 99.2 141
(Our lab) 4.00 3.952 3.952 98.3 1.32
6.00 5.935 5.935 97.7 1.21

0.00 0.00 0.00 0.00 0.00

Tap water 2.00 1.981 1.981 98.4 1.33
(Our lab) 4.00 3.97 3.97 99.3 1.12
6.00 5.915 5.915 97.9 1.21

0.00 0.00 0.00 0.00 0.00

Nile water 2.00 1.98 1.98 98.2 1.45
(Mansoura city) 4.00 3.946 3.946 98.8 1.36
6.00 5.90 5.90 98.9 1.32

Seawater 0.00 0.00 0.00 0.00 0.00
(Marsa Matrouh 2.00 1.982 1.982 98.8 1.43
city) 4.00 3.973 3.973 99.4 1.1

6.00 5.971 5.971 99.7 0.91

3.3.12.2. Application on synthetic mixtures:

Various synthetic mixtures were prepared using
the aqueous sample solution (10ml) of various metal
ions, in different proportions and known amounts of
Pd. Triton X-114 at 0.06% (v/v) and 1.88 x 10 mol/L
of A; were then introduced. ICP-OES was employed
to determine the analyte's recoveries with the existence
of diverse amounts of interfering ions whereas the

CPE  strategies were  conducted under  optimal
parameters. Substantial analyte recoveries were
reached in all mixes, according to Table7's

observations.

Table7: Recovery of Pd (Il) ions from chemically
synthesized mixtures (n=3) when 1.88 x 10-% mol/L of
A was present, at pH 4 and room temperature:

Synthetic mixtures | Concentration | Pd (I1) (ug /ml)
composition (ug/ added of Pd 0
mL) (1) (ug/ mL) Founded | R %
Pb*2 + Hg*2 2 1.948 | 974
Mn*2 + Nj*? 2 1.975 | 98.75
Pb*2 + Hg*? + Ba*? 3 2.96 98.67
Fe* + Cr8 + Al 3 2.97 99
Ni+2 + Ba+2 + Cr+3
+ AR 4 3.93 98.25
Ag+ + Au*2 + Ni*2
+ 7n*2 4 3.89 97.25

3.3.13. The plausible Mechanism of the interaction
between Triton X-114 surfactant and Pd (I1)-A:

complex

The plausible interaction between Triton X-114
surfactant and Pd(l11)-(A1) complex is schematically
represented in Figure 10. Triton X-114 surfactant is
immiscible with water molecules, which is more
favorable for effective separation of Pd(I1)-A;
complex from water. There are also several chemical

Egypt. J. Chem. 66, No. 12 (2023)

and physical interactions occurring between Triton X-
114 surfactant and Pd(I1)-(A1) complex such as orbital
interaction, charge-charge interaction, and hydrogen
bond interaction with neutral molecules, van der
Waals interaction between alkyl chain, CH-m
interaction, m-m interaction, and n-m interaction
(Figure 10).

HzN \: % NHz
2\ ) JOP#O% N/

~— ; EtOH
)y ™~/

() % (b)

EtOH

o_ o
& == “},{,:’ A
i
EtOH
HzN j NH2

Figure 10: The possible molecular interaction at
molecular level
(a, d) O surfactant-H complex interaction
(b, e) H surfactant-N complex interaction
(c) = surfactant-n complex interaction
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Table8: Comparative data from some recent studies on preconcentration-separation of palladium ions:

Sample

LOD

Reagent Surfactant Element 1 Sample Detection | Reference
volume(mL) (ugL™h
PAN Triton X-114 10 Pd 0.4 Water TLS [52]
PMBP PONPE 7.5 10 Pd 1.8 Mine samples FAAS [53]
DDA Triton X-114 10 Pd 03 Mg](%th%es ICP-OES [54]
A1 Triton X-114 10 Pd 0.021 Water ICP-OES | This work
3.3.14. Comparison
A comparison among the existing approach's 5. Al-Jibori AAK, Al-Jibori SAM, Al-Janabi
analytical findings and those of potential alternatives. ASM. Palladium(ll) and platinum(ll) mixed
Table 8 is a summary of the studies that have been ligand complexes of metronidazole and
reviewed shown to evaluate palladium in past studies. saccharinate or benzisothiazolinonate ligands,
The analytical characteristics of this work were found synthesis and spectroscopic investigation.
to be more convenient in comparison with other Tikrit Journal of Pure Science [Internet].
papers[51]. 24(6):20109. Available from:
http://dx.doi.org/10.25130/tjps.24.2019.105
4. Conclusion 6. Kandathil V, Kulkarni B, Siddiga A,
In this paper, a combined CPE -ICP OES Kempasiddaiah M, Sasidhar BS, Patil SA, et
methodology was successfully employed separation al. Immobilized N-Heterocyclic Carbene-
and determination of ultra-traces of Pd(ll) in various Palladium(l1) Complex on Graphene Oxide as
aquatic samples using the (N, N'-1, 2-phenylene) bis Efficient and Recyclable Catalyst for Suzuki—
(3-aminobenzamide) Schiff base (A1) and the Miyaura Cross-Coupling and Reduction of
nonionic surfactant Triton X-114. This method was Nitroarenes. Catal Letters. 2020 Feb
established for the examination of multiple real water 1,150(2):384-403.
samples, and it was successful in recovering more than 7. Vojtek M, Marques MPM, Ferreira IMPLVO,
95% of the analytes from spiked samples. For the Mota-Filipe H, Diniz C. Anticancer activity of
standard spiked samples, the RSD was below 3%. palladium-based complexes against triple-
These results demonstrate that this technique is highly negative breast cancer. Vol. 24, Drug
repeatable, accurate, and adaptable to compatible Discovery Today. Elsevier Ltd; 2019. p.
samples. The results show that the CPE pre- 1044-58.
concentration process is a simple, speedy, precise, 8. Cheng H, Chen S, Chen R, Zhou Q.
adaptable, and sensitive method to extract and pre- Palladium(ll)-Initiated Catellani-Type
concentrate palladium ions. Reactions. Angewandte Chemie. 2019 Apr
23;131(18):5890-902.
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