
Indones. J. Chem., 2026, 26 (3), 872 - 883    

 

Sulafa Nassar et al. 
 

872 

A Simple and Fast Method for the Determination of Lead(II) Ions in Some Cosmetic 
Products Through Spectrophotometric Technique by Using Thiosemicarbazone-Linked 
Substituted Indole-2-one 

Sulafa Nassar1, Gharam Ibrahim Mohammed1, and Thoraya Abdelreheem Farghaly2* 
1Department of Chemistry, Faculty of Science, Umm Al-Qura University, Makkah 21955, Saudi Arabia 
2Department of Chemistry, Faculty of Science, Cairo University, Giza 12613, Egypt 

* Corresponding author: 

email: thoraya-f@cu.edu.eg 

Received: September 29, 2025 
Accepted: December 12, 2025 

DOI: 10.22146/ijc.111616 

 Abstract: We aimed to develop a simple, fast, and inexpensive colorimetric approach 
for detecting lead(II) ions in solution by forming a complex with 1-(1-benzyl-2-oxoindolin-
3-ylidene)thiosemicarbazide. A detailed description of spectrophotometric lead(II) 
determination is provided. When combined with the N-benzyl-isatin-thiosemicarbazone 
ligand (L) in a slightly acidic solution (pH 12), lead(II) produces a yellow chelate. The 
molar absorptivity of the complex at 253 nm (λmax) is 1.9 × 103 L mol−1 cm−1, and the 
quantification limit is 2.28 μg mL−1 (11 μM), whereas the detection limit is 0.73 μg mL−1 
(3.5 μM). The concentration range when Beer's law is observed is from 9.7 × 10−6 to 
1.9 × 10−4 M. We studied the structure and stoichiometry of the Pb(II) and L complex in 
solution through the synthesis of the solid complex (PbL) and proved using the analytical 
techniques such as FTIR, NMR, UV-vis spectroscopy, SEM, and thermal analysis. 
Lead(II) recovery percentages in lipstick samples were determined using the developed 
method, with results ranging from 88.1 ± 1.9 to 117.3 ± 1.1%. The high lead(II) recovery 
rate from the samples indicates the effectiveness of the developed method and its potential 
use for accurate measurement and quality assessment of lead(II) in various samples. 

Keywords: chemosensor; isatin-thiosemicarbazone ligand; Pb(II); UV-vis spectrum; 
spectrophotometric technique 

 
■ INTRODUCTION 

Environmental pollution has a detrimental impact 
on living organisms, particularly humans, by 
compromising their health and daily functions, leading to 
numerous diseases [1-3]. This pollution originates from 
routine activities, including vehicular emissions, tobacco 
use, and industrial waste. Among the most hazardous 
pollutants, lead (Pb) is exceedingly harmful to human 
health, the reproductive system, the central nervous 
system, the brain, the liver, and wreaks havoc on the 
kidneys, frequently ending in death. It constitutes a 
significant environmental pollutant with detrimental 
health implications for humans [4]. The gradual 
accumulation of Pb in the human body has an adverse 
impact on the cardiovascular system, leading to increased 
mortality rates [5-6]. More than 1.5 million fatalities were 
attributed to Pb exposure worldwide in 2021, according to 

the World Health Organization reports [7-8]. 
In contrast, Pb is integral to many industrial 

processes, including those that make soldering 
materials, anti-friction metals, printing metals, Pb-acid 
storage batteries, and other similar products [9]. Lining 
tanks and basins in laboratories and insulating wires are 
two common uses for Pb. Sulfuric acid is made with Pb, 
which is also commonly found in plumbing systems 
[10]. One of the most critical materials for nuclear 
reactor radiation shielding is Pb [11]. Pb poisoning 
readily occurs via inhalation and ingestion due to its 
resistance to decomposition and evaporation, unlike 
other chemicals. Therefore, it is crucial to estimate Pb 
contents in different media with great precision. Several 
methods for determining metal concentrations have 
been rapidly improved and expanded upon, including 
AAS [12], spectrometry [13-14], voltammetry [15], flow 
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injection [16], ICP-AES [17], and ICP-MS [18]. The 
predominant technique is direct visible absorption 
spectroscopy [19], favored for its convenience [20], rapid 
methodology [21], cost-effectiveness, reliability, accuracy, 
availability of equipment, and simplicity of procedure 
[22-23]. Salicylaldehyde isonicotinoyl hydrazone [24-25], 
Schiff bases [26], dithizone [27], dimethyl carbonate [28] 
are among the many ligands that have been reported for 
metal ion detection using extraction spectrometry. Some 
disadvantages of these technologies include the need for 
precise temperature control [29], lengthy extraction 
times, and interference from particular ions [30-31]. 

Numerous reports and reviews over the years have 
shown that thiosemicarbazides serve as valuable 
intermediates in the synthesis of bioactive compounds 
and in medicinal chemistry [32-34]. Thiomecarbazone 
derivatives, particularly those linked to heterocycles, 
possess nucleophilic atoms such as nitrogen and sulfur, 
along with other electron-donating atoms in the 
heterocycles, facilitating coordination bonds in complex 
formation with diverse metals [35-36]. The combination 
of isatin analogues with thiosemicarbazones is a 
promising approach that has attracted interest in the 
pharmaceutical industry owing to its extensive biological 
properties and industrial applications [37-39]. Moreover, 
thiosemicarbazones are classified as "critical ligands" due 
to their notable binding characteristics, which stem from 
their thiol-thiol resemblance, allowing them to interact 
with metal centers in various configurations [40]. 
Thiosemicarbazone derivatives are highly effective 
medicinal agents due to their ability to form stable 
complexes with transition metal ions. The coordination-
based detection of various metal ions in water-based 
solutions relies heavily on thiosemicarbazone [41]. The 
outstanding chelating (binding) capabilities of this class 
of chemicals make the usage of the thiosemicarbazone-
linked substituted indole-2-one ligand significant. This is 
expected to provide high sensitivity and selectivity for 
Pb(II) ions, reducing interference from other metal ions 
commonly present in cosmetics (such as iron or zinc), a 
significant problem in trace metal analysis. The goal of 
this research is to develop a simple, fast, and inexpensive 
colorimetric approach for detecting and quantifying 

Pb(II) ions in solution by forming a compound with 1-
(1-benzyl-2-oxoindolin-3-ylidene) thiosemicarbazide. 

■ EXPERIMENTAL SECTION 

Materials 

We used analytical-grade ligands and solvents, and 
followed all instructions carefully. Lead nitrate 
(Pb(NO3)2) was sourced from Sigma-Aldrich. All of the 
glassware was carefully rinsed in HNO3 (10%) solution 
(Germany) before use. To prepare a standard solution of 
Pb(II) ions with a concentration of 4.8 × 10−3 M, 
1.59 ± 0.001 g of Pb(NO3)2 was dissolved and then 
transferred to a 1 L measuring flask. The flask was then 
filled up to the mark with ultra-pure distilled water. 
After that, Pb(II) solutions ranging from 9.7 × 10−6 to 
1.9 × 10−4 M were diluted with water to create new 
solutions. To prepare the ligand (L) stock solution, 
100 mL of dimethyl sulfoxide (DMSO, Hayman, 
England) was mixed with an appropriate weight 
(0.1 ± 0.001 g). The pH was adjusted using NaOH 
(0.2 M) [42]. A combination of CH3COOH, H3PO4, and 
H3BO3 (0.12 M) was used to generate a severe Britton-
Robinson (B-R) buffer with a pH range of 3–12. 

Instrumentation 

A Shimadzu UV-1800 UV-vis spectrophotometer 
was used to record the absorbance values of the L and its 
Pb(II) complex. The instrument had quartz cells and a 
bath length of 1 cm. The diluted solutions were made 
using a 10–1,000 μL digital micro-pipette (Volac), and 
the pH meter (a Mettler Toledo MP220) was used to 
alter the pH of the solutions. An FTIR 
spectrophotometric instrument, the Bruker Tensor 27, 
was used for the measurements. Thermogravimetric 
analysis (TGA) of the Pb(II) complex was conducted in 
a nitrogen atmosphere using a Shimadzu DTG-60 model 
apparatus, at a rate of 10 °C/min, with temperatures 
increasing from room temperature to 800 °C. 

Procedure 

Synthesis of L 
We subjected a mixture of 20 mL of pure ethanol, 

0.5 mL of HCl, and an equal number of moles (5 mmol) 
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of N-benzyl isatin and thiosemicarbazide to microwave 
irradiation at 110 °C under pressure conditions with an 
800 W power output for 30 min in an HP-500 process 
vial. The yellow N-benzyl-isatin-thiosemicarbazone (L) 
was successfully synthesized using standard procedures 
(Scheme 1) and subsequently recrystallized from ethanol, 
yielding 94% of the product. The m.p. 148–150 °C [43]; 
The M.f./M.wt (C16H14N4OS/310.37 g mol−1): Anal. Calc. 
(Found) C, 61.92 (61.83); H, 4.55 (4.39); N, 18.05 (17.92); 
FTIR ν (cm−1): 3451 (N−H), 3084 (C−H sp2), 1735 (C=O), 
1590 (C=N), 1452, 1333, 1270 (C=S). 

Synthesis of Pb(II) complex (PbL) 
Firstly, 2 mmol of L was mixed with 20 mL of boiling 

dioxane to create the Pb(II) complex of L. Then, 2 mmol 
of Pb(NO3)2 dissolved in distilled water was added 
dropwise and refluxed for 2 h. Inducing the formation of 
the solid complex required adding 2 mL of Et3N to the 
reaction mixture and allowing it to reflux for 1 h. 
Anhydrous CaCl2 was used to dry the orange solid under 
vacuum after filtering, rinsing three times with ether, and 
so on. The Pb-complex was produced as [L-Pb(NO3)] 
with a relatively low yield of 45%. Molecular weight: 
578.57, with the following percentages: C, 33.21 (33.03), 
H, 2.26 (2.12), N, 12.10 (12.05), Pb, 35.81 (35.57), and S, 
5.54 (5.39). The following FTIR data are shown in cm−1, 
KBr disc: 3494 (br. NH2), 1720 (C=O), 1580 (C=N), 1450–
1350 (br., NO3), 812 (M–S), 682 (M–N). 

Application 
For the calibration curve, 10 mL volumetric flasks 

were filled with a precise amount of L (3.2 × 10−3 M) and 
the appropriate amounts of Pb(II) solutions (from 
9.7 × 10−6 to 1.9 × 10−4 M). After adding 2.0 mL of 0.2 M 
NaOH to the pH-adjusted solutions, 10 mL of distilled 
water was added. The complex's absorbance at 253 nm 

was compared to that of the L blank after 5 min of 
resting the solution combinations at room temperature. 

Lipstick samples for analysis were typically 
prepared by involving acid digestion to break down the 
organic matrix and dissolve the target analytes. HNO3 is 
a commonly used acid, often in combination with 
others, due to its strong oxidizing properties. Then, 0.5 g 
of lipstick was taken from each sample and transferred 
to  a beaker. A mixture of 5 mL of concentrated acids, 
consisting of HNO3 and HCl in a 3:1 ratio, was added to 
the lipstick samples for 2 h on a hot plate [44]. To obtain 
a clear solution, the digested samples were diluted in 
10 mL of triple-distilled water and filtered through filter 
paper. Finally, the suggested approach performed a Pb 
quantification study on the resultant clear solution. 

■ RESULTS AND DISCUSSION 

The Characterization of L and Pb(II) Complex 

We produced and separated the solid Pb(II) 
complex to investigate the L-Pb(II) interaction sites. In 
the solution phase, we verified the stoichiometric ratio 
of the L to Pb(II). Multiple spectroscopic methods were 
employed to confirm the L's structure, including FTIR 
spectroscopy (Fig. S1). This method revealed that the NH 
and NH2 groups exhibited a broad absorption band at 
3451 cm−1, while the C=N and C=S groups showed strong 
absorption bands at 1590 and 1270 cm−1, respectively. In 
addition, Fig. S2 for the 1H-NMR spectrum showed a 
singlet signal for the CH2 of the N-benzyl group at 
4.98 ppm, along with three more singlet signals for the 
three NH protons at 8.76, 9.10, and 12.42 ppm for the 
NH2 and NH groups, and nine protons from the two 
aromatic rings, anywhere from 7.03 to 7.73 ppm. 

Additional evidence to support the hypothesized 
structure of the newly created  complex was provided by 

 
Scheme 1. Synthesis of L 
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analyzing and comparing the IR spectra between the L 
and PbL complex. A change from 3451 cm−1 to a higher 
value of 3494 cm−1 in the absorption band for the NH and 
NH2 groups suggests that the free NH2 group in the 
complex is having an effect. When the C=N band shifted 
from 1590 cm−1 in L to 1580 cm−1 in the complex, it was 
established that the Pb(II) metal ion bound to the 
nitrogen of the C=N group [36]. When the C=S band at 
1270 cm−1 is absent from the complex, it means that the 
C=S group has transformed into a thiol group. This new 
group then forms a covalent bond with the Pb(II) metal 
ion at 812 cm−1, as indicated by the M−S bond [45]. 
Detection of a broad band at 1450–1350 cm−1 for the NO3 
group, it is likely that a bond has formed between it and 
the metal ion [46]. Also, the NMR spectrum of the 
complex reveals a singlet signal for NH2 at 10.15 ppm and 
a downfield shift of the CH2 group from 4.98 ppm (L) to 
5.19 ppm (complex), which further supports the 
coordination between Pb(II) and L, along with the three 
NH singlet signals in L, for each of the nine protons in the 
complex, aromatic protons impacted by coordination 
between Pb and L were detected at 6.79–7.37 ppm. 

To illustrate the breakdown process for the Pb(II) 
complex, we examined the TGA and TDA curves (Fig. 
S3). The Pb(II) complex was heated under nitrogen from 
20 to 900 °C at a rate of 10 °C/min. The Pb(II) complex 
combination degraded in three distinct phases, as seen 
by the TGA curve. Decomposition rates of 23.42% for 
NO2 and 23.67% for PhCH2 were recorded during the 
first stage, which began at 37.11 °C and ended at 
364.82 °C. A 3.48% (3.62%) loss of the NH2 group was the 
outcome of the second stage, which took place between 
365.61 and 679.97 °C. Near the computed figure of 
9.587%, the last step at temperatures ranging from 681.15 
to 901.72 °C showed a loss of N3 (9.86%). Based on the 
information provided, the structure of the Pb(II) complex 
may be determined as [L-Pb(NO3)], where each ligand is 
reduced to 1 Pb in the presence of an anion NO3. 

In most cases, the organic and inorganic 
compounds can be better understood by examining 
SEM images of these compounds [47]. SEM of L showed 
a needle cluster at a 50 μm size. Fig. 1 shows that the 
surface appears to be covered with thick needles 
measuring  approximately 100 μm.  In contrast, a cluster  

 
Fig 1. The SEM image of L 
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of sheets resembling a flower developed on the surface of 
the Pb(II) complex (Fig. 2). This stood in stark contrast to 
the L's surface form. The SEM image of the Pb(II) 
complex showed an increase in surface area, which can 
enhance its reactivity. 

Because L's electronic spectra showed a clearly 
defined peak at 403 nm and an unclear peak at 265 nm 
(resembling a shoulder), the π→π* transitions were 
consistently assigned to them. With a pH of 12 (0.2 M 
NaOH), L forms a complex with Pb(II), which causes a 
change in hue from white to light yellow. The absorption 
spectrum of the Pb(II) complex (Fig. 3) showed a peak at 
253 nm, which was attributed to ligand-to-metal charge 
transfer (LMCT) [48]. 

Analytical Parameter Optimization 

The development of metal complexes relies heavily 
on pH control. The effects of pH in the 2.0–12.0 range 
were investigated using B-R buffer. A stable and maximal 
absorbance signal was only achieved at pH 12. Stronger 
coordination to Pb(II) is encouraged by the significant 
deprotonation of several common donor groups at pH 12, 

which also increases L basicity and the number of 
accessible anionic donor sites. Since a constant pH of 12 
was shown to be optimal, a further experimental study 
was conducted to assess the impact of basicity. Utilizing 
concentrations of ranging from 0.1 to 1.0 M, the effect of 
hydroxide ion concentration was investigated. The 
results of this study are presented in Fig. 4. We observed 
that the absorbance reached its peak at 0.2 M NaOH. 

 
Fig 3. Absorption spectra of 6.4 × 10−5 M of L and 
9.7 × 10−5 M of Pb(II) complex in 0.2 M NaOH at 
253 nm 

 
Fig 2. The SEM image of Pb(II) complex 
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Fig 4. Basicity impact on absorbance of 9.7 × 10−5 M of 
Pb(II) complex in 6.4 × 10−5 M of L at 253 nm 

 
Fig 5. Plot of the PbL complex absorbance over time from 
9.7 × 10−5 M Pb(II) solution with L (6.4 × 10−5 M) at 
253 nm in 0.2 M NaOH 

At various time intervals ranging from 5 to 60 min, 
the complex stability created was tested in an optimal 
analytical environment. The complex's absorbance 
peaked after 15 min of development, as illustrated in Fig. 
5. Spectra were captured throughout this period, further 
supporting the interaction between the Pb(II) and L. 

This investigation examined the effect of L 
concentration on the absorbance of a Pb(II) complex. 
With the addition of 0.2 M NaOH, a range of 
concentrations from 6.4 × 10−6 to 9.6 × 10−5 M was 
introduced to the Pb(II) solution. Despite the broad peak, 
the Pb(II) complex attained its maximum absorbance at 
6.4 × 10−6 M (0.02 mL, 0.1% w/v) of L. The optimal L 
concentration was found to be 6.4 × 10−5 M (0.2 mL, 0.1% 
w/v) due to the sharpness and clarity of the peak. 
Additionally, temperature is a crucial and intricate 
element in the formation and stability of coordination 
complexes. We examined the effects of a temperature 

range of 20–50 °C on complex formation. The Pb(II) 
complex becomes less stable as the temperature 
increases. The optimal temperature was 20 °C. 

Analytical Performance 

To evaluate the efficacy of the proposed approach 
under the previously defined ideal conditions, the 
approach relied on L forming a bright yellow complex 
with Pb(II) ions in an aqueous medium. Fig. 6 displays 
the absorption spectra, computed under the previously 
indicated ideal circumstances, of the Pb(II) complex at 
various concentrations of Pb(II) ions, ranging from 
9.7 × 10−6 to 1.9 × 10−4 M. A plot of the Pb(II) complex 
absorbance at 253 nm vs. Pb(II) concentration 
confirmed that the Lambert-Beer law was followed. 

Fig. 7 shows that within the concentration range of 
9.7 × 10−6 to 1.9 × 10−4 M, a linear relationship exists 
between the absorbance of the produced Pb(II) complex 

 
Fig 6. The electronic profiles of the absorbance of the 
Pb(II) complex at 253 nm at various concentrations of 
Pb(II) (9.7 × 10−6–1.9 × 10−4 M) in the presence of L 
(6.4 × 10−5 M) in 0.2 M NaOH 

 
Fig 7. Calibration curve of PbL complex at optimum 
conditions: [Pb(II)] = 9.7 × 10−6–1.9 × 10−4 M in 
6.4 × 10−5 M L in 0.2 M NaOH at 253 nm 
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at 253 nm and the concentration of Pb(II) ions, with a 
correlation coefficient of 0.9902. Eq. (1) represents the 
linear plot. 

2A 0.0094 C  (M) 0.0037     (R  = 0.9902)= +  (1) 
The Lambert-Beer line indicated that the Pb(II) complex 
had a molar absorptivity of 1.9 × 103 M−1 cm−1. 

The analytical method's sensitivity was examined 
using limit of detection (LOD) and limit of quantification 
(LOQ) values. Based on the calibration curve, LOD and 
LOQ were determined using Eq. (2) and (3) [49]; 

3LOD
S
σ=  (2) 

10LOQ
S
σ=  (3) 

where S is the response's standard deviation, and σ is the 
slope of the calibration curve. The LOD and LOQ values, 
which were 2.28 μg mL−1 (11 μM) and 0.73 μg mL−1 
(3.5 μM), respectively, are listed in Table 1 under optimal 
analytical conditions for Pb(II) complex synthesis. An 
accuracy of 0.23% (n = 6) was determined by calculating 
the RSD, which stands for the relative standard deviation. 
As indicated in Table 2, the obtained data were compared 
with alternative methods [50-54] in several analytical 
characteristics, including LOD, LOQ, and RSD%. 

Stoichiometry of Pb(II) Complex 

This Pb(II) complex was shown to have the correct 
stoichiometry using the molar-ratio method. The data 
confirmed a 1:1 Pb(II)-to-L stoichiometry. Ions of Pb(II) 
are chelated with L at a concentration of 1 mol. We 
determined the stability constant of the colored Pb(II) 
complex at pH 12 using the molar-ratio method [55]. 

Aextp, the total absorbance of the Pb(II) complex, is 
located close to the equivalence point on the molar ratio 
plot. Fig. 8 shows how the complex's 1:1 (Pb:L) ratio 
stoichiometry is utilized using Eq. (4); 

Table 1. Quantitative factors for determining the Pb(II) 
complex 

Parameters Values 
pH 12 
λmax 253 nm 
Molar ratio (Pb:L) 1:1 
Beer,s law limits (× 10−5 M) 9.7 × 10−6–1.9 × 10−4 
Molar absorptivity (M−1cm−1) 1.9 × 103 
Regression equation A = 0.0094C + 0.0037 
Intercept 0.0037 
Slope 0.0094 
Correlation coefficient (R2) 0.9902 
RSD% 0.23% 
LOD (μg mL−1) 0.73 
LOQ (μg mL−1) 2.28 

 
Fig 8. Molar ratio plot for PbL complex formation at 
3.2 × 10−3 M of both Pb(II) and L solutions in 0.2 M 
NaOH at 253 nm 

Table 2. Comparison of the recommended method with the currently reported Pb(II) determination technique 

Method RSD% LOD 
LOQ 

(μg L−1) Matrix Ref. 

Inductively coupled plasma/optical 
emission spectroscopy 

- 125.14 mg L−1 379.23 Drilling-fueled soil [50] 

Graphite furnace atomic absorption spectroscopy 5 0.188 μg L−1 - Milk [51] 
Fluorescence 8 4.2 × 10–4 mg kg−1  - Bee products [52] 
Laser-induced breakdown spectroscopy 3.5 0.028 mg/kg  Cosmetics [53] 
Anodic stripping voltammetry 7.87 11.5 μg L−1 38.2 Wastewater sample from 

the battery industry 
[54] 

UV-vis 0.23 0.73 μg L−1 2.28 Lipstick samples Curr. study 
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Table 3. Analysis of Pb(II) in a lipstick sample by the developed method 
Sample Pb(II) added (μg mL−1) Pb(II) found (μg mL−1)a Recovery (%)b 

Lipstick 1 0.0 15.0 ± 0.10 – 
 8.0 23.8 ± 0.12 110.0 ± 2.5 
 20.0 38.5 ± 0.20 117.3 ± 1.1 

Lipstick 2 0.0 30.0 ± 0.06 – 
 8.0 38.3 ± 0.07 104.0 ± 1.4 
 20.0 47.6 ± 0.11 88.1 ± 1.9 

a Average of measurements ± standard deviation (n = 5) 
b Average of recovery ± relative standard deviation (n = 5) 

 
nnM X MX ++ +     (4) 

where the L is represented by X and Pb(II) ions are 
denoted by Mn+. [MX] is calculated using Eq. (5); 

n

ex t p

MXA
A C

+
  =  (5) 

where Pb(II) represents the entire analytical concentration, 
and C stands for L. Hence, Eq. (6–8) are used to find the 
concentration of MX. 

extp

AMX C
A

=    (6) 

n n
m m

extp

AM C MX C C
A

+ += − = −        (7) 

n
x x

extp

AX C MX C
A

+= − = −        (8) 

To find the stability constant (K) of the generated complex, 
one might use Eq. (9). 

MX
K

M X
  =
    

 (9) 

The computed value of the stability constant is 
2.90 × 101 mol−1 L. 

Analytical Applications 

The new method was tested using Pb(II) 
measurement in lipstick samples. Lipstick samples were 
spiked with different concentrations of Pb(II) (4.0–
20.0 mg/L) and then evaluated using the previously 
established method, as shown in Table 3. Pb(II) recovery 
percentages in lipstick samples ranged from 88.1 ± 1.9 to 
117.3 ± 1.1%. 

■ CONCLUSION 

A new chemosensor for detecting Pb(II) ions in water  

samples has been developed using a spectrophotometric 
approach. A stable chelate with L at a pH of 12 formed 
the basis of the novel technique. At λ = 253 nm, a 
complex absorption was observed. In the concentration 
range of 9.7 × 10−6 to 1.9 × 10−4 M, a linear relationship 
was observed with a R2 of 0.9902. The LOQ and LOD 
were 2.28 and 0.73 μg mL−1. By comparing the outcomes 
of Job's molar-ratio techniques, we can determine that 
the complex has a 1:1 stoichiometric composition of 
M:L. Additionally, we have recovered the solid complex 
that is formed when L interacts with Pb and have used 
other analytical approaches to explore its structure. 
Pb(II) recovery percentages in lipstick samples were 
determined using the developed method, with results 
ranging from 88.1 ± 1.9 to 117.3 ± 1.1%. The high Pb(II) 
recovery rate from the samples indicates the 
effectiveness of the developed method and its potential 
use for accurate measurement and quality assessment of 
Pb(II) in various samples. 
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