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CORRESPONDENCE ABSTRACT: Background: Copper, an important trace element for life
Anwer S. Salim on Earth, is crucial to many metabolic processes. This includes its role in
anwaralasadi82@gmail.com the production and breakdown of nucleic acids and the metabolism of proteins,

lipids, and carbohydrates. Objective: We aim to integrate DLLME with a
spectrophotometric method to establish a novel approach for quantifying trace
amounts of copper in water samples. Methods: In this study, a new ligand
known as a 2-(4 aminophenol) benzimidazole azo derivative was successfully
synthesized. This ligand was created by converting 2-(4-aminophenyl) benz-
tmidazole into a diazonium salt and coupling it with 8-hydrozyquinoline in an
alkaline environment. The resulting product was a brown azo dye, which served
as the ligand for detecting copper (II) in aqueous samples. Results: To ana-
lyze copper (II) in both pure and aqueous samples, we developed and validated
micro-extraction techniques combined with UV-Vis measurement. Specifically,
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we used the DLLME (dispersive liquid-liquid microextraction) method to sepa-
B rate, enrich, and assess copper (II) in both its pure form and in aqueous sam-

© 2024 by the author(s). ples. UV-Vis spectroscopy at a wavelength of 503 nm was used for this purpose.
Published by Mustansiriyah We considered several variables during the experiment, including the type and

volume of the dispersive solvent, the extraction solvents, the temperature, the

University. This article is an
reaction duration, and the centrifuging time. By optimizing these conditions,
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under the terms and condi- we achieved linear procedures within the concentration range of (1.0-25.0) and
tions of the Creative Com- (2.0-25.0) g/mL for spectroscopy and DLLME methods respectively. For the
mons Attribution (CC BY) li- spectroscopic and DLLME approaches, the coefficient of determination (R2)

was found to be 0.9963 and 0.9979 for the spectrophotometric and DLLME
methods respectively. The limit of detection (LOD) for copper (II) was found
to be 0.23 and 0.04 pg/mL respectively. Moreover, the recovery of the target
analyte in aqueous samples was found to be between 95.6% and 101% for the
spectroscopy method and between 102.4% and 108.2% for the DLLME method.
Conclusions: These results demonstrate the effectiveness and accuracy of
both methods in analyzing copper (II) in aqueous samples.

cense.
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INTRODUCTION

C opper, an important trace element for life on Earth, is crucial to many metabolic processes.
These include its function in the production and breakdown of nucleic acids, as well as the
metabolism of proteins, lipids, and carbohydrates [1], [2]. Diseases including biochemical abnormali-
ties and physiological functioning disorders might result from a copper deficit. In contrast, excessive
use can be detrimental and result in symptoms including nausea, vomiting, diarrhea, throat and nose
irritation, liver disease, and even the formation of dangerous free hydroxyl radicals that can harm
DNA and perhaps cause cancer. Copper is a widespread trace element found in water, soil, and
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plants. Additionally, environmental copper pollution can occur due to its extensive use in various
industries. Humans and aquatic life in general may be toxically affected by this pollution. Due to the
importance of determining trace copper levels in understanding how it affects ecosystems and human
health, biological and environmental analysis is essential for these reasons[3]-[6]. Various sensitive
analytical techniques can be utilized to determine copper at low levels. These techniques include
chemiluminescence (CL)[7], fluorescence [7], [8], voltammetry [9], [10], GFAAS [11]-[13], HPLC [14],
ICP-MS [15], [16], and ICP-AES [17], [18]. In this particular case, spectrophotometric determina-
tion and DLLME were chosen as the methods of analysis due to their efficiency, high sensitivity,
and cost-effectiveness [19], [20]. Solid-phase extraction [21], [22], cloud point extraction [23], [24],
and liquid-liquid extraction (LLE) [25], [26] are the most commonly used methods for separating
and preconcentrating trace copper. However, these techniques have certain drawbacks, including the
use of large toxic organic solvents, unacceptable enrichment factors, long analysis time, and the pro-
duction of secondary wastes. To address these issues, liquid-phase microextraction techniques such
as dispersive liquid-liquid microextraction [12], [26], single-drop microextraction [27], [28], solidified
floating organic drop microextraction [29], [30], and supramolecular solvent-based microextraction
[31] have gained significant attention. The analyte is extracted from the aqueous sample solution
using DLLME, a recently developed liquid-phase microextraction technology, which employs a binary
solvent system made up of a high-density water-immiscible solvent (extractant) and a water-miscible
solvent (disperser) [32], [33]. Due to the method’s broad contact area between the sample’s tiny
droplets and the extraction solvent, the extraction equilibrium state is quickly reached and mass
transfer kinetics are accelerated. For the extraction and preconcentration of heavy metals, DLLME
has been frequently used [32]. Its key benefits include low cost, simplicity, quickness, high recovery,
and high enrichment factors, as well as minimum organic solvent usage. In this study, we aim to
integrate DLLME with a spectrophotometric method to establish a novel approach for quantifying
trace amounts of copper in water samples.

MATERIALS AND METHODS

The absorbance measurements were conducted at 510 nm using a single-beam UV-visible spectropho-
tometer (analyticgena, Germany) equipped with a 1 cm quartz cell. The evaluation of copper was
achieved using an atomic absorption spectrophotometer (AAS) (Shimadzu AA-670, Japan). To ex-
pedite the phase extraction process, a centrifuge (Beckman model TJ-6, Germany) was employed.

Reagents and Solutions

Analytical grade copper chloride purchased from Riedel-de Haén and SDS from Fluka were used
in the study. By blending 0.0672 g of CuCl2(Mwt. = 134.45 g/mol/) with 100 mL of deionized
water, a stock solution of copper (II) with a concentration of (100 mg/L) was produced. A novel
azo compound was additionally produced with a concentration of 100 mg/L, by dissolving 0.01 g in
5 mL of ETOH and then diluting it with deionized water to the appropriate volume (100 mL). Daily
working solutions have been produced by properly diluting the stock solutions.

Synthesis of (E)-5-((4-(1H-benzo[d]imidazol-2-yl)phenyl)diazenyl)quinoline-8-ol [5BIPQ)]

[34]
'\ HOINaNO? !
o (e 0
/ NaOH \ ~

\ /

To prepare the diazonium salt, 2-(4-aminophenyl) benzimidazole (3x10-3 mol) was combined with
crushed ice, concentrated HCI (0.9 mL), and a solution of NaNO2 (3.3x10-3 mol) in distilled water
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(10 mL). The resulting mixture was stirred at a temperature range of 0-10 °C for 12 minutes. In a
separate solution, 8-hydroxyquinoline (3x10-3 mol) was dissolved in water (15 mL), followed by the
addition of 10% aqueous NaOH (3 mL). The solution of the diazonium salt was then added to this
mixture at a temperature range of 0—10 °C. The resulting product was filtered, washed with small
amounts of water, and left to dry in the air, resulting in the formation of an orange compound. The
compound has the following properties as shown in Table 1.

Table 1. Synthesis, Characterization, and Thermal Analysis of a New Acidic azo Ligand’s Metal Complexes

Name Properties

Formula C22H15N50

Molecular weight 365.39 g/mol

Yield 91%

Melting point 220-224°C

FTIR (cm™) OH (2450-3561), CHor (3058), NH(3227), C=N(1628), C=C(1563), N=N(1531)

Mass spectra (m/z) 365, 337, 228, 209, 194, 181, 160, 145, 131, 117, 104, 91, 77, 63, 52

General procedure of spectroscopy method

In a test tube (10 mL), a range of standard solutions containing 1.0-25.0 pg/mL of copper (II)
in an aqueous solution were combined with 2.5 mL of reagent 5BIPQ (100 g/mL). Then, 1 mL of
ammonium hydroxide solution and 1 mL of SDS were added to the mixture. To complete the process,
the mixture was diluted with deionized water up to the mark and heated to 50°C for 10 minutes.
At 503 nm, the absorbance has been measured in comparison to a blank for the same reagent. A
calibration curve established simultaneously was utilized to ascertain the amount of copper present
in an unidentified sample.

General procedure of DLLME

In a 10 mL test tube, a copper standard solution ranging from 2.0 to 25.0 pg/mL was added
along with 2.5 mL of 5BIPQ (100 pg/mL), 1.0 mL of ammonium hydroxide solution, and (1.0 mL)
of SDS. The volume was subsequently adjusted by deionized water. to 10 mL. The mixture was
heated at 50°C for 10 minutes after shaking it for 10 minutes. To create a cloudy solution, 600
nL of chloroform was rapidly injected as an extraction solvent, combined with 600 pL of ethanol as
a dispersive solvent, using a microsyringe. The mixture was then centrifuged at 5000 rpm for 7.0
minutes. A microsyringe was used to obtain the copper complex, and its absorbance at 503 nm has
been measured in comparison to a reference.

RESULTS AND DISCUSSION

In this study, we created a novel azo compound by combining 2-(4-aminophenyl) benzimidazole
with 8-hydroxyquinoline using concentrated HCl and NaNO2. FTIR spectra of this compound give
the following stretching bonds (OH (2450-3561), CHor (3058), NH(3227), C=N(1628), C=C(1563),
N=N(1531) cm-1 and Mass spectra m/z(365, 337, 228, 209, 194, 181, 160, 145, 131, 117, 104, 91, 77,
63, 52), as shown in Figure 1. This newly synthesized compound was then employed as a ligand to
detect copper ions (Cu+2) in aqueous solution. The primary focus of the study was the produce a
complex between 5BIPQ and copper ions, which resulted in an orange color with a maximum absorp-
tion wavelength of 503 nm. Figure 2 illustrates the absorption spectra of the complex compared to
the blank solution.

https://mjs.uomustansiriyah. edu.iq DOI: hitps://doi.org/10.23851 /mjs.v85i3.1475


https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v35i3.1475

Volume 35, Issue 3, 2024

61

Aotss,
260000]
240000]
220000]
200000]
180000)
160000)

140000

120000{

100000|

80000

60000

40000{

20000{

Average of 0.624 to 1.866 min.: AN1-CHABOK d\datams
20p.1

131 1461
1040 11741

181.1

94,

¥

22811 7.1 365.1

4
33
|‘I 142932, 2841 28522980 3131395, 3533 3813 30

o L AR MRS
mz-> 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

..... e
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390

Figure 1. Mass spectra of the synthesized compound
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Figure 2. Absorption spectrum of cadmium complex

Spectrophotometric Preliminary Investigation for Determination of Copper Ion

1 Optimization of the Spectrophotometric Experimental Conditions

The investigation focused on the formation of the copper complex using different bases, including
NaOH, KOH, NH40H, and NayCOg3. The results, depicted in Figure 3, illustrate the outcomes of this
study. The impact of varying base volumes (ranging from 0.1 to 2.0) mL on the developed copper
complex solution at a fixed concentration was also examined. Figure 4 indicates that a volume of 1.0
mL of NH,OH yielded the most favorable results.
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Figure 4. Effect of the base volume

The measurement of absorbance was conducted using different surfactants, including SDS, CTAB,
and Tween-20. The results revealed that SDS yielded the most favorable outcomes, as depicted in
Figure 5. Considering that the maximum absorbance can be influenced by the volume of the reagent
(5BIPQ), different volumes of the 5BIPQ solution ranging between 0.25 mL and 3.0 mL were added.
Figure 6 demonstrates that an addition of 2.5 mL of the 5BIPQ solution resulted in the highest
absorbance signal, which was subsequently utilized to carry out the subsequent steps.

14 -

CTAB
Surfactant type

Figure 5. Effect of the base type
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Figure 6. Effect of the base volume
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The impact of the temperature of the reaction was examined within the range of 40-70 °C. The
findings indicated that the best absorbance was obtained at 50 °C, which was chosen for the next
steps. With the reaction temperature set at 50 °C, the influence of reaction time on the formation of
the complex was examined within the range of 5-25 minutes. It was shown that a reaction time of
10 minutes was adequate to achieve complex formation. Consequently, a reaction time of 10 minutes
was utilized in the subsequent experiments, as shown in Figures 7 and 8.

144 4
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Figure 7. Effect of the base type
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Figure 8. Effect of the base volume

A study was conducted to ascertain the makeup of the complex produced between the Cu (II) ion
and the 5BIPQ reagent. Job’s method [35] was utilized to determine the stoichiometry of the complex
and the corresponding data is presented in Figure 10. It was observed that Cu (II) forms a stable
brown-colored complex with a 1:2 ratio of metal to ligand, as depicted in Figures 9 and 10.
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Figure 10. Effect of the base volume

The spectrophotometric method exhibits a high level of selectivity, although certain species may
potentially interfere with its accuracy. In the conducted experiments, the influences of commonly
coexisting foreign ions in natural aqueous samples on the recovery of copper were investigated. The
summarized results can be found in Table 2. The obtained results demonstrate that the method is
highly selective for accurately measuring trace levels of copper.

Table 2. Effect of the interference on the Cu-complex formation in the spectrophotometric method
Cation Reco. %
Pb™?  101.8

cdt? 917
Nit? 85.3
Crt2 99.3
AltS 92.1
Mnt2 935

2 Calibration Graph, Accuracy and Precision

In the ideal conditions described earlier, a linear calibration curve was generated for Cu in the range of
concentration 1.0-25.0 mg/L. The regression coefficients (R2) consistently exceeded 0.9963, as shown
in Figure 11. LOQ and LOD for Cu were determined to be 0.69 mg/L and 0.23 mg/L respectively.
These values indicate the lowest concentrations at which reliable quantification and detection of Cu
can be achieved. The method’s performance was assessed using the relative standard deviation (RSD
%) at three replicates (10.0, 15.0, and 20.0 mg/L). The RSD % for Cu ranged from 1.6% to 4.72%.
To evaluate the accuracy, the percentage of the final ion concentration compared with the beginning
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concentration in the sample solution was used to calculate the recovery. The recovery rate for Cu
ranged from 95.6% to 101%.
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Figure 11. Effect of the base volume

DLLME-Spectrophotometric Determination of Determination of copper Ion.
3 Optimization of the DLLME Experimental Conditions

In the dispersive liquid-liquid microextraction technique, various factors significantly influence the
system’s performance and the entrapment of the analyte species. The kind and volume of the ex-
traction solvent, the type and volume of the dispenser solvent, the number and duration of rotations,
and other variables all affect the extraction of metal ions by DLLME. Our investigation focused on
determining the optimal conditions for the DLLME procedure. The choice of solvent for extraction
plays a crucial role in DLLME-based systems. The extraction solvent needs to possess specific prop-
erties to ensure efficient extraction of analytes, including lower density than water, low solubility in
aqueous solutions, and high efficiency in analyte extraction. Based on these characteristics, CHCI3
was chosen as the solvent of extraction, as indicated in Table 3. In Figure 12, a range of extraction
solvent volumes (300 - 900 pL) was investigated, and it was observed that 600 nL resulted in better
absorbance, thus it was utilized in the subsequent steps.

Table 3. Effect of the extraction of solvent

Type of extraction solvent Abs.

CHCl3 0.6574
CH:Cl; 0.3072
CCly 0.5261

a0 488 G0 eSO TON S0 oo
Solvent extracion Vol. {ul}

Figure 12. Effect of the base volume
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The disperser solvent utilized in DLLME should have the ability to mix well with both the solvent
of extraction and the aqueous solution. To meet this requirement, various solvents such as acetone,
acetonitrile, MeOH, and ETOH were examined. Based on the results obtained from Table 4, ethanol
proved to be an effective disperser solvent and was chosen for further experimentation. Ethanol
demonstrated good solubility in chloroform and miscibility with water. The data indicated that
ethanol facilitated the dispersion of chloroform as small particles in the aqueous phase, resulting in a
cloudy solution and higher extraction efficiency. To estimate the impact of the volume of the disperser
on analyte extraction, ethanol volumes ranging from 500 to 1500 pL were used in the experiments, and
the corresponding signals were recorded in Figure 13. Lower volumes did not fully achieve the cloudy
state in the solution, leading to inadequate analyte extraction. Conversely, volumes exceeding 600
pL caused the interested analytes to dissolve in the aqueous phase, resulting in decreased extraction
efficiencies. Therefore, 600 pL of ethanol was determined to be the optimal disperser solvent volume.

Table 4. Effect type of dispenser solvent

Type of dispenser solvent Abs.

ETOH 0.6584
MeOH 0.5582
Acetonitrile 0.5187
Acetone 0.2164
0E
[
0% o
05
5 04
0.3
0.2 4
0.1 4
0o r v r r r .
400 00 o 000 1200 1400 1500

Sohvent dspenser Vol {LL)

Figure 13. Effect of volume of dispenser solvent

A significant factor to take into consideration is how the number and duration of rotations affect
the centrifuge’s ability to extract Cu-complex. Based on the data presented in Figures 14 and 15, the
highest absorbance is observed when the centrifuge is operated at 5000 rpm for a duration 7 minutes.

To assess the impact of a 20-fold molar excess of different cation species on the assessment of
copper (II) utilizing the 5BIPQ ligand, experiments were conducted. The results, presented in Table
5, indicate that these cations did not cause interference in the determination of copper (II) with the
5BIPQ ligand.
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Figure 14. Effect of the number of rotations
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Figure 15. Effect of the time of rotation

Table 5. Effect of interference on the Cu-complex formation in the DLLME method
Cation Reco.%

Pb+? 93.4
Ccd+? 97.5
Nit2 101.2
Crt? 95.8
AlF3 97.3
Mn*? 95.6

4 Calibration Graph, Accuracy, and Precision

In the ideal conditions described earlier, a linear calibration curve was generated for Cu in the con-
centration range of (2.0-25.0) mg/L. The regression coefficients (R2) consistently exceeded 0.9979,
as shown in Figure 16. LOQ and LOD for Cu were determined to be 0.45 mg/L and 0.15 mg/L,
respectively. These values indicate the lowest concentrations at which reliable quantification and
detection of Cu can be achieved. The method’s performance was assessed using the relative standard
deviation (RSD %) at three replicates (5.0, 10.0, and 15.0 mg/L). The RSD % for Cu ranged from
0.5 % to 4.6%. To evaluate the accuracy, the percentage of the final ion concentration compared with
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the beginning concentration in the sample solution was used to calculate the recovery. The recovery
rate for Cu ranged from 102.4% to 108.2%.
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¥=).0467X+ 0.2533
R*=0.9979
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Figure 16. Calibration curve Cu-complex in the DLLME

Validation of the Method

The investigation focused on the validity of two procedures for analyzing copper ions in both their
pure state and aqueous samples. Table 6 also includes the results of the copper ion analysis, which
exhibited reproducibility with low RSD% values. The obtained results for pure ions are presented in
Table 7. Table 8 shows the comparison between the recommended approach and previously published
DLLME techniques. To assess the precision and accuracy of the procedures, three replicates of the
copper were analyzed. The methods demonstrated excellent precision and reproducibility, as indicated
by the low values of relative standard deviations (RSD%).

Table 6. Analytical and statistical parameters of Spectroscopy and DLLME method

Parameter Spectrophotometric method

Amax 503 (nm) DLLME
color Brown

linearity range, mg/L 1.0-25.0 2.0-25.0

¢, (L.mol™* ecm™) 5.65x10° 2.96x10°
Sandell’s sensitivity (ug/cm?)  0.011 0.021
Correlation coefficient (R?) 0.9963 0.9979
Regression equation Y= 0.0893X+0.2205 Y= 0.0476X+0.2533
Slope 0.0893 0.0476
Intercept 0.2205 0.2533
LOD (mg /L) 0.23 0.15

LOQ (mg/L) 0.69 0.45

“C.L. for the X1 mg/L (95%)  10.1040.23 5.3740.21
“C.L. for the X2 mg/L (95%)  14.3540.55 10.8240.72
“C.L. for the X3 mg/L( 95%) 19.43+0.34 15.36+0.31
T-testcal. (T-testtable) -0.23(2.77) -4.42(3.18)
F-testcal. (F-testtable) 1.32(19) 1.04(19)
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Table 7. Application of the suggested methods (Spectroscopy, DLLME& AAS) for the evaluation of copper ions

Conc. of copper png/mL™

Stati - RSD (%)
ation Add Spectrophotometric AAS n=3
(pg/mkL) method

Station 1 - 4.72 5.14 0.81
5 9.55 0.99
10 14.01 0.72

Station 2 - 4.41 4.33 3.28
5 8.88 2.77
10 14.31 1.93

Station 3 - 6.56 6.72 0.24
5 11.14 0.83
10 15.97 1.44

DLLME method

Station 1 - 5.00 5.14 4.6
5 10.88 3.8
10 15.36 1.5

Station 2 - 4.04 4.33 1.6
5 9.73 0.8
10 14.04 1.01

Station 3 - 6.73 6.72 3.2
5 11.67 1.9
10 15.86 0.5

Table 8. The comparison between the recommended approach and previously published DLLME techniques

Reagent Technique Solvent of Extraction Solvent of Disperser Sample LOD Ref.
Vol. (ng_mL™)

HCDTC SP C2Cly Acetone 10 mL 0.3 [36]

BPDC FO-LADS CHCls ETOH 10 mL 0.34 [37]

PAN FAAS 1-Decanol ETOH 10 mL 6.6 [38]

HBDAP FAAS CCly Acetone 10 mL 0.75 [39]

Salophen FAAS CHCl3 Acetone 10 mL 0.6 [14]

5-Br-PADAP FAAS CHCl3 Acetone 15 mL 1.4 [40]

1N2N FAAS CHCl3 ETOH 10.5 mL 0.95 [41]

p-SA FAAS Toluene CH30H 10 mL 0.12 [42]

Curcumin FAAS [bmim] [PF6] Ultrasonic bath 25 mL 0.19 [43]

- ETAAS Nitric acid CH30H 5g 0.52 ng/g [44]
5BIPQ UV-Vis CHCl3 ETOH 10 mL 40 Present

work

CONCLUSION

In this research, we created a novel azo compound by combining 2-(4-aminophenyl)benzimidazole
with 8-hydroxyquinoline using concentrated HCl and NaNQO,. This newly synthesized compound was
then employed as a ligand to detect copper ions (Cu+2) in aqueous solution. The primary focus of the
study was the produce a complex between 5BIPQ and copper ions, which resulted in an orange color
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with a maximum absorption wavelength of 503 nm. The extraction of Cu(II) using the 5BIPQ reagent
as an auxiliary ligand occurs rapidly, taking only 20 minutes. As a result, a simple, quick, sensitive,
and synergistic analytical technique has been established for the spectrophotometric determination of
Cu(II). By utilizing a highly sensitive chromogenic reagent in a single step, trace amounts of Cu(II)
can be accurately estimated with a minimal reagent concentration. The stability of the copper-5BIPQ
complex was observed to last for more than 8 hours, with a likely stoichiometry of 1:2 (M:L) for the
extracted species. The evaluation of copper in the produced aqueous samples from the Halfaya oil
field yielded satisfactory results.
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