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  Abstract 

A new organic reagent [3-((2-chloro-4-hydroxyphenyl) diazenyl)-5nitrobenzene-1,2-

diol] (CHPDND) was prepared and characterized by (IR, HNMR, 13C-NMR, C.H.N) 

used for spectrophotometric determination of Pb(II) ions in aqueous solution. The 

maximum wavelength of organic reagent λmax=410nm and for its complex with Pb(II) 

was 395nm. The study includes all optimal parameters for Pb(II) ions extraction as 

chelation complex by cloud point method such as pHex, temperature in addition to 

calculate thermodynamic data ΔHex, ΔGex, and ΔSex, heating time, surfactant volume, 

etc. Slope analysis method used for determine the probable structure of Pb(II)- 

(CHPDND) complex was 1:1. Applied method for spectrophotometric determination of 

Pb(II) in some environmental samples with LOD=0.219mg/L and LOQ=0.664mg/L and 

the results compared with AAS as standard method. 

Keywords: Azo reagent, lead(II), cloud point extraction. 

Introduction 

Lead ion (Pb(II)) is one of dangerous pollutants because it is not biodegradable
 [1]

. Any 

increase in lead content above these levels has a negative impact on human health and 
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causes a range of diseases, including learning disabilities, central nervous system 

defects, kidney, liver, and bone problems. All of these diseases are caused by the 

difficulty of its decomposition and accumulation in the bodies of living organisms
[2]

. 

Examples of lead estimation methods include atomic absorption spectrometry(AAS)
[3]

, 

mass spectrometry
[4]

, strip voltammetry
[5]

, inductively coupled plasma emission 

spectrometry
[6]

, flame atomic absorption spectroscopy
[7] 

inductively coupled plasma 

optical emission spectroscopy (ICP-OES)
[8],

 inductively coupled plasma mass 

spectrometry (ICP-MS)
[9]

, Raman spectroscopy
[10]

 electrothermal atomic absorption 

spectroscopy (ETAAS)
[11]

, graphite furnace atomic absorption spectroscopy 

(GFAAS)
[12]

 ,  laser desorption/ionization mass spectrometry (LDI-MS) 

electrochemical
[13]

, voltammetry and high-performance liquid chromatography
[14]

. A 

heterogeneous azo dye was prepared in this study and proposed as a highly sensitive 

chromogenic reagent for the estimation of lead (II) ions
[15]

, Green techniques were used 

to determine lead (II) ions
[16]

, which represent a central axis in modern analytical 

chemistry among these techniques, we used in this study cloud point extraction, which 

is characterized by being an environmentally friendly method used for separation and 

pre-concentration.  

CPE is characterized by being accurate
 [17]

, fast, selective, and inexpensive
 [18]

. In 

addition, it uses small amounts of toxic organic solvents
 [19],

 there are still new and 

proposed steps regarding CPE
 [20]

. This study describes the preparation and 

characterization of new chelate complex of Pb (II) were prepared by reacting this ion 

with the ligand [3-((2-chloro-4-hydoxy phenyl) diazenyl)-5nitrobenzen 1,2-diol]. 

Experimental part 

   Apparatus  

For absorption measurements and optical studies, a Biochrom Libra S60 dual-beam 

spectrophotometer, 1cm quartz cell (UK) was used. pH measurements were performed 

using a pH-meter, 720, WTW 82362, for heating the solutions at a constant temperature 

an electrostatic water bath (Hamburg-90, England) was used. A&D balance (DOOl, CE, 
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HR 200) Japan, Elemental Analysis (C.H.N) C.H.N Analyzer EURO EA3000,  FT-IR 

Shimadzu (8400 series, Japan) spectrophotometer across the range of 4000 to 400 cm
-1

. 

Atomic absorption AA-500, Pg Instrument, UK. 

Reagents and solution         

Solution:   All chemicals used were of high purity, as the chemicals were purchased 

from certified companies.        In all experiments, distilled water was used to prepare the 

solutions. the standard Pb(II) solution (100µg/mL) was prepared by dissolving 1.59g of 

Pb(NO3)2 in 100 mL of distilled water, the ligand solution 1×10
-3

M [3-((2-chloro-4-

hydroxyphenyl) diazenyl)-5nitrobenzene-1,2-diol] was prepared by dissolving (0.00773 

g) in 100 mL of distilled water, and any other working solutions were prepared by serial 

dilution with distilled water 

Preparation and Characterization of azo compound (CHPDND) 

The dark yellow reagent was prepared by dissolving (0.01mol, 1.43g) of 2-chloro-5-

hydroxy aniline in 5 mL of distilled water and 2mL of concentrated hydrochloric acid, 

then the solution was cooled below (5 °C). To this mixture a solution of (0.01 mol, 

1.028g) of sodium nitrate in 10 mL of distilled water was added drop wise at (0-5 °C) 

then, the mixture was stirred for 20 min. This diazonium solution was added drop wise 

to a 500 mL beaker containing (0.01 mol, 1.55g) of 4-nitrobenzene-1,2-diol dissolved 

(20 mL) ethanol, and (10mL) of NaOH (10%). The mixture was observed to turn dark 

yellow at pH~8 The mixture was left for 24 hours, then the precipitate was filtered, and 

washed with distilled water several times, dried, and recrystallized with absolute ethanol
 

[21]
.  
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Figure (1): Preparation of azo compound 

 

Physical Characteristics of CHPDND: when Pb(II) and the organized dark yellow 

reagent (CHPDND) react at the ideal concentration and pH, a complex with the formula 

[Pb(CHPDND)] is created. Table (1) explains the physical characteristics and outcomes 

obtained from C.H.N.O. testing. Based on the information obtained from spectral 

analysis, the molecular formula of the organic reagent has been proposed. 

Table (1): Physical details of CHPDND 

Empirical Formula (M.wt) 

g/mol 

Color MP. °C Yield 

% 

Found (Calc.) (%) 

C H N 

C12H8ClN3O5 

M.wt=309.02 
Dark 

Yellow 

201-202 

°C 
85% 

13.592 

14.245 

2.558 

2.326 

46.601 

45.382 
 

 

Figure (2): IR spectrum of the new organic detector (CHPDND) 

IR Spectrum of CHPDND: The IR spectrum data of CHPDND was illustrated in 

Figure (2). The IR spectrum of the (CHPDND), exhibited a wide and strong intensity 

band at (3396-3315cm
-1

), which was attributed to the stretching vibration of the 

hydroxyl group
 [22,23]

.  The band at (3080cm
-1

) due to aromatic (C-H). Also the spectrum 

appear band at (1598.99 cm
-1

) due to aromatic (C=C). The azo reagent showed a strong 

band at (1512 cm
-1

) duo to (N=N) 
[24,25]

. The band at (1568.02 cm
-1

) assignable to the ν 

(C=N) vibration mode
 [24,26]

. A medium intensity band at (1338.67cm
-1

) returning to the 

(C-N) (carbon - nitrogen azo). Also the bands at (1286, 1336) cm
-1

 due to stretching 
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vibration of nitro group
 [27]

. Finally, the band at (696.30cm
-1

)due to stretching vibration 

of(C-Cl)
 [27]

. 

 

Figure (3): 1H NMR spectrum of the organic reagent (CHPDND) dissolved in 

DMSO 

1
H-NMR Spectrum for CHPDND: The 

1
H-NMR spectrum of (CHPDND) in DMSO 

Figure (4) was shows, δ (2.528) ppm DMSO, a multiplet peak appeared at δ(7.028-

7.476) ppm which was attributed to chemical shift of protons in the aromatic rings 
[22,28]

. 

A single peak at δ (9.883) ppm that have been as a result of chemical shifts of (N-H) 

protons. The single peak at δ (11.028) ppm were assigned to O-H protons
 [29, 30]

. 

Extraction method  

The solution was prepared under optimum conditions by taking 100μg/mL of lead (II) 

with 1×10
-4

 M of the prepared reagent and adding 0.5mL of TritonX-114, then the pH 

was adjusted to pH~8, then completed the volume to 10 mL with distilled water, then 

the solution was heated in an electrostatic water bath at a specified temperature and 

time, after which the cloud point layer (CPL) with the smallest size and highest density 

was separated and dissolved in 3 mL of ethanol, then  measure the absorbance of the 

alcoholic solution at λmax = 395 nm used ethanol as a blank. The aqueous solution was 

treated with dithizone reagent and its absorbance was measured at λmax = 520nm versus 

CCl4 as blank
 [31]

. Then we return to the calibration curve in Figure (5) to find out the 

amount of Pb(II) ions that is still present in the aqueous solution after the separation 

process, then subtract the amount of Pb(II) ions remaining from the initial value to find 
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the amount transferred to the CPL, then calculate the distribution ratio D from these 

amounts as follows
 [43]

:  

D =
[Pb+2]cpi

[Pb+2]aq
 

 

Figure (4): Calibration curve of Pb(II) using Dithiazone spectrophotometric 

method 

Results and Discussion  

Spectroscopic study: Aqueous solution with volume 10 mL containing 100 μg of Pb(II) 

ion, 1×10
-4

 M of the CHPDND, then adjusted pH to 8 and 0.5 mL of TritonX-114 

surfactant were prepared. Then, the UV-visible spectrum of the alcoholic solution taken 

against a sample prepared in the same way without Pb(II) ions
[34]

. The results were 

shown in Figures (6, 7). 

 
 

Figure (5): UV-visible spectrum of 

the organic reagent CHPDND 

Figure (6): UV-visible spectrum of 

the chelated complex of Pb(II) ions 

and CHPDND  

The spectrum showed that the wavelength of maximum absorption was λmax = 410 nm 

for organic reagent CHPDND and λmax = 395 nm for its complex with Pb(II).  This 
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wavelength was used to measure the absorption of alcoholic solutions in subsequent 

experiments.  

 

Study of the effective parameters of the CPE method  

Effects of pH 

As in the CPE procedure, the effects of different pHs in the range (5-11), in the presence 

of the surfactant 1%TritonX-114 (0.5mL), and 100 μg of lead (II) ions and 1×10
-4

 M of 

the CHPDND and completing the volume to 10 mL, the solutions were heated in a 

water bath for 15 min at 70 °C, until the CPL was formed, and then the CPL was 

separated from the aqueous phase, and dissolved in 3 mL of ethanol and aqueous phase 

treated with Dithiazone
[35]

, completed the experiment as in the previous main steps in 

extraction methods. The results were shown as shown in the Figures (7 and 8). 

  

Figure (8): - Effect of pH on the 

absorption of D-values of Pb (II) complex 

with the CHPDND 

 

     The results are shown in Figures (7 and 8) indicates that pH~8 to extract the complex 

enhanced by Pb (II) and CHPDND as a chelating complex yielded the highest extraction 

efficiency and D values. This pH facilitates the rapid formation of the chelating 

complex and affects the direction of the equilibrium formation of the chelating species. 

Whether the concentration is higher or lower than the ideal, it affects the rate of 

reversible dissociation and reduces the concentration of the extracted chelating species. 
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Figure (7): - Effect of pH on the 

absorption of the metal complex Pb 

(II) with the CHPDND 
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Effect of Temperature 

Several 10 mL aqueous solutions including 100 μg Pb(II) ion, pH~8, 1×10
-4

 M 

CHPDND, and 0.5 mL 1%Triton X-114 were prepared. These solutions were then 

heated in an electrostatic water bath at the range (70-85)°C for 15 min. until CPL 

created and the work concluded using the usual procedure. The results are shown in 

Figures (9), (10). 

  

     The results showed that the optimum extraction temperature at 70°C gave high 

extraction efficiency, at this temperature the CPL forming in the best properties and 

chelating complex was transferred with maximum quantity
 [36]

. According to the 

thermodynamic relationship, the extraction constant Kex was calculated from the values 

and the results were shown in the Figure (11) 

Kex=
   𝐷

[𝑃𝑏]𝑎𝑞.[𝐶𝐻𝑃𝐷𝑁𝐷]𝑜𝑟𝑔.
 

 

Figure (11): Kex=ƒ [T] 
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Figure (9): - Effect of temperature on 

the formation of the CPL containing 

the chelating complex 

Figure (01): Temperature=f[D] 
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Table (2): Thermodynamic Data for Pb(II) extraction 

ΔHex  

kJ/mol 

ΔGex  

kJ/mol 

ΔSex  

J/mol.K 

-297.71 -62.038 1048.816 
 

Effect of heating time 

Timing is critical; too long reduces extraction efficiency, and too short does not achieve 

the intended equilibrium, the same general steps were repeated, which included 

preparing several 10 mL aqueous solutions containing 100 μg of Pb(II) ion, pH~8, 

1×10
-4

 M of CHPDND, and 0.5 mL 1%TX-114 to determine the optimum heating time 

to extract the CPL containing the chelated complex with the highest efficiency
48

. The 

results as in Figures (23 and13). 

  

Figure(12): - The effect of heating 

time on the formation of CPL 

containing the chelating complex. 

Figure(13):-heating time=ƒ [D] 

The results indicated that heating for 15 min is the best way to increase the extraction 

efficiency. The kinetics of the extraction process was represented by the heating 

duration, which helps in the micelles to aggregate well upon complete drying to create a 

CPL with larger surface area that can accommodate more chelating. 

Effect surfactant volume 

A number of 10 mL aqueous solutions were prepared, each containing 100 μg of Pb(II) 

ion, pH~8, 1×10
-4

 M of CHPDND, and varying amounts of the surfactant 1%TX-114. 

Then applied the same steps of the previous experiment to form the CPL. Then heated 

all these solutions in an electrostatic water bath at 70 °C for 15 minutes. The experiment 

was completed with the same general steps and the results are shown in Figs 14 and 15. 
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Figure (14): -Effect surfactant volume Figure(15):-Surfactant 

volume=ƒ[D] 

     The results showed that the optimum volume of 0.5 mL of surfactant 1%TritonX-114 

produced the highest extraction efficiency because it helped to establish the best 

thermodynamic and kinetic equilibrium of the aggregate micelles to form a good CPL. 

This volume was the smallest and highest density, meaning that it had a large surface 

area that could accommodate a large amount of chelating complex
 [38]

. 

Stoichiometry of Pb(II) chelated complex 

Two spectroscopic methods used for this purpose which is Slope analysis and Slope 

ratio, the solution prepared according to extraction method and at optimum condition
 

[39]
, the results were as in Figure (16). 

  

Figure(16): Change in reagent 

concentration(CHPDND) 

Figure(17): Change in metal 

concentration Pb(II) 
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Figure (18): Probable structure of Pb(II) complex 

Applied method of extraction on Pb(II) determination 

2- Calibration curve of Pb(II) 

     Prepared series solutions contain increased amounts of Pb(II) in the range (0.2-

100μg/10mL) at optimum conditions and treated according to general extraction 

method, the results were as in Figure (19) and Table (3): 

 

 

 

 

 

 

 

 

                                                

 

 

 

 

 

2- Lead (II) Determination: 

Several food samples collected from Iraqi markets to determine Pb(II) amounts 

using cloud point extraction, at optimum conditions, samples prepared according 

to wet digestion method 
[40]

 then treated as in general method and add the suitable 

 

 

Table (3): Figures of merit 

for the                                                                                          

determination of lead (II) 

ion (CHPDND) using CPL 

𝜆𝑚𝑎𝑥(nm) 496 

Bear’s law obey (ppm) 0.3-200 

Slope 0.0245 

Intercept 0.0446 

R
3

 

0.9993 

Figure(09): Calibration curve of Pb(II) Molar absorptivity 
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masking agent. The results compared with atomic absorption method as in Table 

(4): 

Table (4): Determination of Lead in environmental samples 

 

No. Samples 
Measured Concentration 

CPE method±SD AAS method±SD 

1.  Fenugreek
 0.251±0.01 0.249±0.01 

2.  Dill 0.288±0.01 0.286±0.02 

3.  Radish 0.283±0.02 0.286±0.01 

4.  Plant leave 0.365±0.01 0.364±0.02 

5.  Beef 0.321±0.01 0.325±0.01 

 

     Although lead is not a necessary ingredient for plants, it can contaminate vegetables 

during planting through the air, soil, and water 
[41]

. In general, it was thought to be safe  

to utilize vegetables grown in soils with lead levels < 300 ppm because vegetables don't 

absorb a lot of lead from the soil. Lead contamination in soil or dust deposits on 

vegetables pose a greater risk than lead absorption by vegetables, even in cases when 

soil levels are greater than 300 parts per million 
[42]

. The WHO has certified that leafy 

vegetables (0.3µg/g) have the highest lead levels for human health 
[42]

. According to 

these findings, burning leaded gasoline releases lead particles into the atmosphere, 

which can land on vegetables sold on the street and near busy intersections. When dust 

is transported by the wind, some lead particles settle on the soil and subsequently infect 

vegetables 
[43]

. For Iraqis, animal species like beef, sheep, poultry, fish, etc. are the 

primary source of meat. Because meat contains carbs, proteins, lipids, fatty acids, and 

minerals, it has a high nutritional value and plays a major part in human nutrition. 

Humans and animals received minerals through the food chain
[43]

.  

In comparison to the maximum lead levels approved by the FAO/WHO for meat (0.2 

mg/kg) 
[44]

. Lead levels in farm animals typically indicate the extent of environmental 

pollution and the animals' food patterns. When lead is transported from soil to plants, it 
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may end up in farm animal feed. However, the deposition of particles on plant surfaces 

is the cause of the significant lead contamination of feed 
[45]

.  

Conclusion 

Extraction efficiency in the spectrophotometric determination of Pb(II) ions with the 

organic reagent CHPDND reached promising levels through optimal pH and 

temperature settings. The analysis of chelation complex formation together with 

thermodynamic data calculations has delivered valuable understandings about the 

process. Through comparison with Atomic Absorption Spectrometry as the standard 

procedure, this method demonstrated its dependability for analyzing environmental 

samples. 
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