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ABSTRACT

A highly sensitive approach for separating and determining the micro amount of nickel (1) was conducted. It has
been achieved after the formation of chelation complexes with 4-((4-hydroxyquinolin-3-yl) diazenyl)
benzenesulfonamide (HQDBS) and 3-((1H-indol-5-yl)diazenyl)quinolin-4-ol (IDQ) as complexing agents (which are
examined by using UV-Vis., FT-IR, and *HNMR spectrum), including joint cloud point extraction with liquid ion
exchange methods in the presence of the nonionic surfactant Triton X—100. The study is based on the wavelength values
of maximum absorbance, A max = 480 and 484 nm, respectively. The study optimized the extraction conditions, including
the reagent concentration, temperature, heating duration, and surfactant volume. The concentration of reagents for
achieving higher extraction efficiency is 110" M in the presence of 100 g Ni (11)/mL of aqueous solution. The solutions
should be heated at 80C and 90<C HQDBS and IDQ respectively, for 15 minutes. The optimal volume of surfactants is
0.8 mL of Triton X-100 with HQDBS and 0.5 mL with IDQ. The study also includes an analysis of the impact of
electrolytes and interferences and the spectrophotometric identification of Ni (1) in various samples.
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1. Introduction

Human civilization confronts a substantial difficulty posed by
environmental contamination!l. Environmental pollution and toxic
metal poisoning pose substantial risks to human health?? and the
ecosystemst®¥. The repid development in industrial sector®® including
textile, battery production, leather tanning, jewelry as well as paper
industriest” are mainly responsible for discharging heavy metals to
waterbodies®%. These heavy metals when present in water system,
they are major cause of affecting both human health and the
environment!***2, For removing heavy metals especially nickel (Ni)
from water, several conventional techniques have been developed
which include electrolysis™*® reverse osmosis or membrane
filtration™, ion exchange!*®'”), chemical precipitation, as well as
adsorptiont®2%, Nevertheless, all these processes find limitations on a
larger scale that might be due to high cost and advanced technique for
their operation?-?2. An efficient method for detecting trace nickel (Ni
(1)) and its separating is Cloud point extraction (CPE). This is the most
convenient method and find extensive uses due to its less cost, and
flexibility towards variety of samples?*27],

This method involves two different processes: In the first
technique, metal ions are present in a compound with an appropriate
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ligand. Another approach is the straight implementation of the CPE operation devoid of ligands. Azo dyes,
characterized by one or more azo groups (-N=N-), comprise the most extensive category of industrially
produced organic dyes, owing to their many uses in textile fiber dyeing, photochromism, and advanced
chemical synthesis®31, Recent years have witnessed the development of novel and eco-friendly catalytic
techniques for synthesizing azo-derived chemicals, which have been utilized as sensors for detecting metal
ions. These compounds' significant pharmacological and biological features make them particularly intriguing
for research®%!,

This study aimed to develop a sensitive, selective, and efficient method for Ni (II) determination in
environmental and industrial samples, achieved through the synthesis of novel azo reagents, HQDBS and IDQ,
designed for effective Ni (I1) chelation. To maximize extraction efficiency, key parameters like pH, reagent
concentration, temperature, surfactant volume, and heating duration were meticulously optimized. Different
techniques as UV-Vis, FTIR, 1H-NMR were used for analysis. Additionally, the study demonstrate that cloud
point extraction can be an effective method for analysis of trace metals when used with novel azo reagents,
HQDBS and IDQ. By combining several spectroscopic technigues to thoroughly analyze the complexes, we've
strengthened the validity of our results. This work contributes to the advancement of metal ion extraction and
analysis, providing a practical and scalable solution for environmental and industrial applications.

2. Materials and methods

2.1. Chemicals and materials

The current investigation utilized a Biochrom double beam UV-visible spectrophotometer (S60 Biochrom
Libra, Cambridge, United Kingdom), an Electrostatic water bath (G, Gerhardt, Germany), a WTW Laboratory
Equipment pH meter (E163694, Germany) and an A&D Company. Limited electronic balance (CE, Dool, HR
200, Japan) were employed. All compounds were employed as obtained from the commercial source without
any purification. Solutions were formulated using double-distilled water.

2.2. Synthesis of azo compound

The organic reagents HQDBS and IDQ were synthesized in the laboratory following the method described
by Shibata et al. (Scheme 1)?”. This process involves dissolving 1.722 g (0.01 mole) of sulfanilamide and
1.32g (0.01 mole) of 5-amino indole in a solution containing 25 mL distilled water and 4 mL concentrated
HCI. Upon cooling the solution to a temperature range of 0-5<C, 0.7g of sodium nitrite was introduced,
dissolving it in 10 mL of distilled water while sustaining the temperature at 0<C. The mixture was let to rest
for 15 minutes to complete the diazotization. The diazonium solution was meticulously introduced dropwise
to a solution of 1.451 g (0.01 mole) of 4-hydroxyquinoline, dissolved in 10% NaOH and 20 mL of ethanol,
while sustaining the temperature at 0<C. Once the addition was complete, the solution was left to stand for two
hours. Distilled water was then introduced, and the pH of the solution was adjusted to 6 using HCI. Orange
molecules were precipitated and left to stand for 24 hours.
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Scheme 1. Schematic illustration of HQDBS and IDQ reagents.
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2.3. Solution preparation

A standard 100 pg/mL Ni (11) ion solution was generated by dissolving 0.022 g of NiCl, 6H,0 (99% from
LAB-SCAN ) in 100 mL of distilled water only. Solutions of organic reagents HQDBS and IDQ (1x<10° M)
were produced by dissolving 0.008 g and 0.0072 g, respectively, in 25 mL of distilled water—any alternative
effective solutions developed via repeated dilution with distilled water to the requisite volume.

2.4. Procedure

10 mL aqueous solutions were created utilizing 100 pg/mL Ni(ll) and (110 M) derived from an organic
reagent. An appropriate 1% Triton X100 amount was included as a nonionic surfactant. The solution was
heated in the electrostatic bath of water at an adequate temperature and time. The CPL was removed from the
aqueous solution and then dissolved in 5 mL of ethanol. Thereafter, the absorbance was measured utilizing
ethanol as a blank at Ama. The aqueous solution underwent treatment using the dimethyl glyoxime
spectrophotometric technique to quantify the residual Ni (1) in the aqueous phase post-extraction and to
compute the distribution ratio D, as shown in the equation below:

_ [Ni{D]cpr
[Ni (ID]aq @)

3. Results and discussion

3.1. UV-visible spectroscopy

10 mL aqueous solutions containing the reagents HQDBS or IDQ with a concentration of 1x10°*M were
mixed with Ni (1) ion with a concentration of 100 g/mL, adjusting the pH of the solution to 9, then adding
0.5 mL Triton X100. The solutions were heated at 80 <C for 15 min. Then, the cloud point layer was dissolved
in 5 mL of ethanol. The spectra of the colored complex were taken against the reagent solution as a blank
solution. Figures la-b show the UV-Vis absorption spectra of the Ni (1I) chelation complexes with HQDBS
and IDQ, which have a maximum wavelength of 480 nm with HQDBS and 484 nm with IDQ. The spectra in
Figure 1la and b displayed a peak at 397 nm and 390 nm for the reagents due to the (n-n*) electron transfer.
Upon the complexation of the reagents HQDBS and IDQ with Ni (1) ion, a new peak appeared at 480 nm and



484 nm related to (n-7*) electron transfer. This change in electronic transition confirms the formation of the
Ni (I1) complexes with the reagents HQDBS and 1DQ [37].
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Figure 1. UV-visible spectra of (a) HQDBS and Ni (II) HQDBS complex and (b) IDQ and Ni (II) IDQ complex.

3.2. Fourier transform infrared (FT-IR) spectroscopy for the reagents

The FT-IR spectrum of the reagent (HQDBS) in Figure 2 signifies the following characteristic absorption
bands: v 3334, 3238 cm™! (s) of primary amine sulfonamide (NH-) overlap with phenol group (OH); v 3080
cm™ (s) of (Ar. C-H); v 1759 cm™ (s) of (C=N, cyclic); v 1504 cm™ (s) of (Ar. C=C band); v 1405 cm™* (s) of
azo group (N=N); v 1292, 1153 cm™ (s) of (S=0)F"=9,
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Figure 2. FT-IR spectrum of the reagent, HQDBS.

The FT-IR spectrum of the reagent, IDQ, Figure 3, signifies the following characteristic absorption bands:
v 3188 cm™ (s) of secondary amine (NH) overlap with phenol group (OH); v 3053 cm™ (s) of (Ar. C-H); 1579
cm™ (s) of (C=N, cyclic); v 1502, 1471 cm™ (s) of C=C); v 1409 cm™ (s) of azo group (N=N) [40-42].
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Figure 3. FT-IR spectrum of reagent, IDQ.

3.3. 'TH-NMR spectroscopy and FE-SEM analysis

The *H-NMR spectrum of reagent, HQDBS (Figure 4) signifies § 7.3 ppm (s, 2H, NH.) for amine; & 7.5-
8.5 ppm multiplet signals result from overlapping of nonequivalent aromatic protons; 6 8.3 ppm (s, [H, HC=N
cyclic); 6 9.9 ppm (s, 1H, OH).
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Figure 4a. 'H-NMR spectrum of reagent HQDBS.

However, the *H-NMR spectrum of the reagent, IDQ in Figure 4b signifies & 6.5-7 ppm (2H, HC=CH,
cyclic); 6 7.3-9 ppm multiplet signals result from the overlapping of nonequivalent aromatic protons; & 9.8
ppm (s, IH, OH); § 11 ppm (s, 1H, NH cyclic)!%.
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Figure 4b. "H-NMR spectrum of reagent IDQ.

The surface morphology of Ni (Il) extracted complexes with HQDBS and IDQ, and the surfactant
TritonX-100 was investigated. SEM imaging of Triton X-100 in Cloud Point Extraction (CPE) usually focuses
on capturing the morphology of surfactant-rich phase, micelles, or any extracted nanoparticles. However, since
Triton X-100 is a nonionic surfactant and forms a liquid phase, direct imaging of its pure form can be

challenging. The Figure 5a-c show embedded Ni (1) ions complexes with HQDBS and IDQ in the surfactant
matrix344,
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Figure 5. FE-SEM of (a) TritonX-100, (b) Ni (II)-HQDBS and (c) Ni (II)-IDQ.

3.4. Optimal conditions
3.4.1. Effect of pH and temperature

100pug of Ni (II) was extracted in 10 mL of aqueous solution at different pH values in the presence of
1x10* M of HQDBS or IDQ, each one alone. The solutions were heated for 15 minutes to a suitable
temperature, as indicated in the general procedure. The experimental outcomes (Figure 6a-b) revealed that the
optimal pH values for higher extraction efficiency of Ni (1) with HQDBS and IDQ were 8 and 9, respectively.
At these pH values, reaching the maximum rate of thermodynamic equilibrium forward direction is for forming
chelation complexes of Ni (I1) with the best distribution ratio D into the cloud point layer because, at these pH
values, gate favorable coordinately binding between organic reagents and Ni (I1) with higher stability at any
pH is less than optimal value. It does not arrive at the finest equilibrium and declines extraction efficiency at
a pH value higher than the optimum. Extraction efficiency decreases by forming a stable compound between
metal and hydroxy! ions in aqueous solution!*54€l,
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Figure 6. Effect of pH on (a) absorbance and (b) extraction efficiency and D-values.

One of the main factors influencing how systems with nonionic surfactants behave is the temperature of
the CPE process. Water droplets cause the separation phenomenon formed when the temperature rises, making
the surfactant more hydrophobic. On the other hand, the amount and composition of the surfactant in use
determine the separation temperature. The temperature impact was examined for 15 minutes in 70 T t0 95 T
range to find optimal temperature for process. Figure 7a-b and Table 1 show that the ideal temperature for a
satisfactory Ni (Il) ion extraction with HQDBS is 80<C. In contrast, the best temperature for a Ni (I1) ion
extraction with IDQ is 90 <C, which will supply the energy required together the surfactant micelles, eliminate
water molecules, and create a CPL with the perfect properties for the precise extraction of Ni (II) chelation
complexest*’. The extraction constant Kex (Figure 7c) at every temperature was calculated by applying the

relation below:

here, R = HQDBS and IDQ.
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Figure 7. Effect of pH on (a) absorbance, (b) extraction efficiency and D-values and (c) relation between extraction constant and

temperature.
Table 1. Thermodynamic parameters of Ni (II) complexes.
(Alog Kex / A1/T) = Slope = (-AHex / 2.303R)
Complex
AHex (kJ.mol“) AGex =-R T Ln Kex (kJ.mol“) ASex (J.mol“K")
HQDBS 269.71 -76.501 980.76
IDQ 67.531 -73.278 387.9




3.4.2. Effect of heating time and surfactant volume

The duration of heating in cloud point extraction should be adjusted to optimize the extraction process for
maximum analyte recovery and selectivity. If the heating time is too short, incomplete phase separation may
result in lower extraction efficiency. On the other hand, excessively long heating times can lead to degradation
of the analyte or surfactant, which can compromise the accuracy of the results. The heating time varied from
10 to 25 min. Figure 8a-b revealed that heating the solution for 15 min was the best time for achieving
excellent extraction efficiency with both reagents. Heating solution for longer than the optimal time decreased
the extraction efficiency due to the effect of diffusion of micelles in aqueous solution®*™.
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Figure 8. Effect of time on (a) absorbance and (b) extraction efficiency and D-values.
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Optimizing surfactant volume is crucial for maximizing CPE performance and achieving high analyte
recovery. In the experimental setup, evaluated volumes of TritonX-100 ranged from 0.1 to 1.0 mL. The optimal
volumes for higher extraction efficiency were 0.8 mL and 0.5 mL of TritonX-100 for Ni(ll) with HQDBS and
IDQ, respectively (Figure 9a-b). Optimum volumes are suitable for higher extraction efficiency of Ni (II)
because this volume achieved a CMC state.
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3.5. Structure of extracted complexes

The mole ratio approach, applied under optimal conditions and following standard procedures, indicates
the likely structure of chelate complexes extracted into CPL. The findings demonstrated in Figure 10a-b
illustrate the probable structure of isolated Ni (1) complexes with two organic reagents.
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The mole ratio values were 0.8 and 0.85 for Ni-HQBDS and Ni-1DQ, respectively, demonstrating that the
more probable structure of chelate-extracted complexes into CPL was 1:1, as illustrated in Figure 11.
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Figure 11. Structure of extracted complexes.

3.6. Influence of ionic strength

Ni (1) was extracted at optimum conditions according to procedure and in some electrolyte salts in
aqueous solution at 0.01 M. The experimental results are listed in Table 2. The results depict an enhancement
in the extraction efficiency of electrolytes in aqueous solution. Because of the effect of destroying the hydration
shell of Ni (I1) ion, the chances of binding with HQDBS and IDQ are increased to form chelation complexes,
and this increase in extraction efficiency varies with different electrolytes according to their performance in
aqueous solution.

Table 2. Effect of electrolyte on extraction efficiency of Ni*? with HQDBS and IDQ.

Electrolyte lonic Absorbance at Amax = 480 nm D Absorbance at Amax = 484nm D

Strength (HQDBS) (HQDBS) (1IDQ) (IDQ)

Without - 1.236 51.128 0.531 5.96
KCI 0.01 1.541 57.333 1.273 9.338
NaCl 0.01 1.823 46.115 1.378 10.836
LiCl 0.01 1.648 65.216 1.381 12.462
NH.CI 0.01 0.743 12.462 0.228 3.209
~ Osiin o 0.02 0.911 3.104 0.271 3.605

3.7. Interferences

Extracted Ni (1) was used following to the procedure in the presence of foreign metal ions at 0.01 M.
Results (Table 3) show different interferences with foreign ions in an aqueous solution because these ions
could form chelation complexes with organic reagents HQDBS and IDQ !,
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Table 3. Influence of interferences on extraction efficiency of HQDBS and IDQ.

Foreign Abs. at hAmax=480nm D Abs. at hAmax=484nm D
lons (Ni(ID+HQDBS) (Ni(ID+HQDBS) (Ni(1N+1DQ) (Ni(1N+1DQ)

Co (1) 0.543 0.334 0.407 1.352
Cd (11) 0.576 1.164 0.337 0.594
Pb (11) 0.726 1.778 0.3 1.363
Cr (I11) 0.41 1.127 0.402 0.711
Hg (11) 0.715 2.258 0.307 0.711
Cu (I1) 0.165 1.482 0.458 0.934

4. Spectrophotometric determination of Nickel (11) ions in different samples
4.1. Calibration curve of Ni (I)

The calibration curve for Ni (II) was obtained by applying the general procedure at varying Ni (11)
concentrations under optimum conditions, as shown in Figure 12. The calibration curve parameters are
detailed in Table 4.
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Figure 12. Calibration curves of Ni (II) using HQDBS and IDQ.

Table 4. Parameters for determination of Ni (II) using HQDBS and IDQ.

Parameter HQDBS IDQ
hmax (NM) 480 484
Beer's law obeys (ppm) 1-100 1-100
Molar absorptivity (L/mol/cm) 6.941 x 103 3.100 x 10=
Limit of Detection (ug/mL™) 0.1749 0.1933
Limit of Quantity (ng/mL™) 0.5303 0.5858

4.2. Applications

The procedure was finally utilized to determine Ni (I1) levels in six food samples obtained from a local
market. The sample was treated with a wet digestion method™®. Table 5 shows the results obtained using
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proposed CPE and flame atomic absorption spectroscopy (FAAS). The strong agreement between the
procedure and direct analysis by FAAS indicates that this technique may be suitable for determining the Ni
(11) levels in various samples. Results of statistical analysis for both CPE and FAAS methods revealed that all
p-values [P(Fca. < Fert) two-tailed] determined by the 5 % critical value of 5.05 (F-critical) surpassed the F-
calculated values. These results revealed that null hypothesis (Ho) can be acceptable highlighting no substantial
difference between CPE and FAAS techniques.

Table 5. Determination of Ni (II) via CPE and comparison with FAAS.

Ni (1) amount Ni (1)
Sample Name (CPE) amount Parameter Value
(FAAS)
Apricot 0.811 0.746 Mean (CPE) 5.95
Onion 204 19.23 Mean (FAAS) 6.135
Lentils 2.87 291 Variance (CPE) 63.228
Cashew nuts 0.994 0.956 Variance (FAAS) 61.9788
Ni (.“) - Cocoa powder 10.11 12.48 Observations (n) 6
Determination
Banana 0.512 0.488 Degrees of Freedom (df) 5
F-statistic 1.02
P(F<=f) one-tail 0.492
F Critical one-tail 5.05

4. Conclusion

The study involved the utilization of a new method that makes use of 4-((4-hydroxyquinolin-3-
yl)diazenyl)benzenesulfonamide (HQDBS) and 3-((1H-indol-5-yl)diazenyl)quinolin-4-ol (IDQ) for the
synthesis of stable chelate complexes. For the highly efficient extraction of Ni (1), cloud point extraction (CPE)
method was combined with liquid ion exchange by making the use of a surfactant i.e., Triton X-100. Different
techniques including UV-Vis, FTIR, and 1H-NMR were used for the analysis. Results of the effect of different
electrolytes, pH, time, ionic strength revealed that the studied method is still reliable and can be effective under
the changing experimental conditions. At the end, the results of the study were best matched with flame atomic
absorption spectroscopy (FAAS) findings that further validates the reliability of the studied process.
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