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In this study, a novel analytical reagent based on arsenazo III immobilized on a polymer matrix composed of 
polyacrylonitrile, polyethylene polyamine, and dichloroethane (PPD) was developed and applied for the spectrophotometric 
determination of Pb(II) ions. The proposed method demonstrated standard analytical and metrological characteristics for the 
highly accurate determination of Pb(II) ions, as evidenced by a relative standard deviation (Sr) of 0.06 and a minimum 
detectable concentration (Cmin) of 0.24 μg/L. The accuracy and reproducibility of the method were evaluated using Student’s 
t-test and Fisher’s F-test. Comparison of the experimental and tabulated values (experiment = 1.09; ttable = 2.83, Fexperiment =
2.52; Ftable = 4.47) confirmed the reliability of the proposed analytical procedure. At pH 5.8 in an acetate buffer medium, the
Pb(II)–arsenazo III complex immobilized on the PPD matrix exhibited a maximum analytical signal at a wavelength of 640
nm. The measurement results followed the Beer–Lambert–Bouguer law, showing a linear relationship in the Pb(II)
concentration range of 0.04-2.4 μg/mL. The method is simple, rapid, cost-effective, and allows direct ion determination in
water samples with high sensitivity and selectivity.
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Introduction 
Lead (Pb) is one of the most commonly detected 

heavy metals in contaminated water sources, frequently 
exceeding the World Health Organization (WHO) 
guideline of 10 µg/L, which poses severe ecological and 
health risks.1,2 Recent studies have focused on 
developing highly selective and sensitive methods for 
Pb(II) detection.3,4 Liss López et al. used three functional 
monomers—acrylic acid (ACRY), 2-acrylamido-2-
methylpropane sulfonic acid (AMPSA), and allylamine 
(ALLY)—for the design of ion-imprinted polymers 
(IIPs). Adsorption studies under optimized conditions 
demonstrated that IIP-AMPSA exhibited the highest 
Pb²⁺ adsorption capacity (51.84 mg/g), outperforming 

IIP-ACRY (31.02 mg/g) and IIP-ALLY (12.90 mg/g), 
consistent with the computational predictions.5,6 
Ashirova et al. studied sulfarsazen (SFN) 
immobilization on polyethylene polyamine-modified 
polyacrylonitrile (PPA) analytical matrix for Hg(II) 
determination. Optimal analytical conditions were 
observed at pH 9.8 and 520 nm, with a linear range of 2–
42 mg/L, a detection limit of 0.4 mg/L, and an 
adsorption efficiency of ~98%, SFN/PPA matrix 
demonstrated strong selectivity even in the presence 
of common interfering ions (Ca²⁺, Sr²⁺, Ba²⁺, Mg²⁺,  
Na⁺, Cl⁻, I⁻), enabling accurate Hg(II) determination 
in wastewater samples.7–10 Recent studies on 
polymer-based nanocomposites have demonstrated that 
incorporation of inorganic dopants, such as vanadium 
pentoxide into poly (O-toluidine), significantly alters 
both dielectric behaviour and electrical conductivity, 
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highlighting the potential of such systems for advanced 
material applications.11 Poly(O‑toluidine) (POT)–ZnO 
nanocomposites have been developed via in situ 
chemical polymerization to enhance structural, thermal, 
and electrical properties, also improved crystallinity, 
uniform filler distribution, and higher thermal stability 
with increasing ZnO content. Results shows that the 
75 wt% composite (PZnO75) exhibits the highest 
performance, making it a promising material for energy 
storage and electronic applications.12 

The aim of the current work is to immobilize 
arsenazole III on a fibrous sorbent and develop a new 
economical, rapid sorption-spectrophotometric method 
for the determination of lead ions using immobilized 
arsenazole III and its application in the determination 
of Pb(II) ion in natural objects. 

Materials and Methods 

Materials 
All chemicals used in this study, including 

polyacrylonitrile, polyethylene polyamine, arsenazo 
III(3,6-bis-[(2-arsonophenyl)azo]-4,5-dihydroxy-2,7-
naphthalenedisulfonic acid) and 1,2-dichloroethane, 
Pb(CH3COO)2∙3H2O salt were obtained from Sigma-
Aldrich MilliporeSigma (Merck Group) and 
Ximreaktivinvest LLC, and were used without further 
purification. 

Methods 
In order to determine the reaction mechanisms of 

the immobilized compounds, as well as the resulting 
complex formation, infrared (IR) spectra were 
recorded on a Bruker Fourier spectrometer (Invenio 
S-2021, in the range of 4000–400 cm–1.

During the research, a pH meter called "BANTE
pH meter-210" was used to measure the optimal 
environments of solutions. 

In the solution medium, optical densities and 
wavelengths of the reagent and complex were 
measured by absorption spectroscopy using an 
EMC-30PC-UV spectrophotometer. In the sorption 
determination, the optimal conditions for complex 
formation were found using an X-Rite Eye One Pro 
mini spectrophotometer. 

Experimental Part 
In this research work, a 0.02% solution of the 

organic reagent 3,6-bis-[(2-arsonophenyl)azo]-4, 
5-dihydroxy-2,7-naphthalenedisulfonic acid (C22H18 

As2N4O14S2, Mr = 776.37 g/mol) was prepared as a
reagent for the determination of lead (II) ion. To

prepare a standard 1⋅10−4 M solution of Pb 
(CH3COO)2∙3H2O salt, 0.0325 g of dry salt was 
weighed into a 200 ml volumetric flask using an 
analytical balance with an accuracy of 0.0001 and 
dissolved with distilled water to the mark of the flask. 
Structure of the analytical reagent is given in scheme 1. 

Buffer solutions 
Acetate buffer solution was used to provide the 

medium for the solutions. To prepare a pH = 5.5 
solution, 100 ml of 1N CH3COOH and 50 ml of 1N 
NaOH were added to 500 ml flasks, and to prepare a 
pH = 5.8 solution, 79.5 ml of CH3COOH and 50 ml of 
NaOH were added and made up to the mark with 
distilled water. 

Selection of Polymer Carrier Sorbent 
For lead salt and Arsenazo III reagent, PPD sorbent 

was used, which is obtained by sequentially chemically 
modifying polyacrylonitrile in the presence of 
polyethylenepolyamine and dichloroethane. The synthes 
is reaction of the sorbent is shown in scheme 2 below: 

In this study, PPD fiber was used as the carrier 
sorbent, and 0.2 g was taken and exposed to a 
standard solution of 0.1 molar HCl hydrochloric acid 
for 24 hours to activate the sorbent and neutralized 
with distilled water. 

Immobilization Process into a Polymer Matrix 
The mechanism of immobilization of the selected 

arsenazo III analytical reagent on polymer supports is 
presented below. First step. PPD polymer was 
activated in 0.1 N hydrochloric acid (~R-NH3

+Cl−). In 

Scheme 1 — Molecular structure of the analytical reagent (3,6-
bis-[(2-arsonophenyl)azo]-4,5-dihydroxy-2,7-naphthalenedisulfonic 
acid)  

Scheme 2 — Synthesis of (arsenazo III reagent and PPD )sorbent 
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this process, 0.2 g of polymer support was placed in a 
25 ml flask, then 10 ml (0.1 N) HCl solution was 
added and the resulting solution was activated at room 
temperature for 1 day. Then the support matrix was 
washed with distilled water to a neutral state (pH = 7). 
As a result, ~R-NH3

 +Cl− was formed. 

~Р-NH2+HCl → ~Р-NH3
+Cl−

The second step is to obtain an immobilized form 
of the carrier polymer using the Arsenazo-3 
analytical reagent. In this process, 10.0 ml of a 
2.57 × 0−4 M or 0.02% Arsenazo-3 solution and 
0.2 g of the ionic forms of the carrier polymers (~P-
NH3

+Cl−) are added to a 25.0 ml flask, after which 
the mixture is stirred for 9–10 minutes. Then, the 
carrier matrix immobilized with Arsenazo-3 (~R-
NH3

+-O3S-R) is washed with distilled water and 
then dried at room temperature. During this 
immobilization process, the sulfo functional groups 
of the Arsenazo-3 analytical reagent form bonds 
with the amino functional groups of the sorbents as 
a result of electrostatic interaction. 

Р-NH3
+Cl− +HO3S-R→~R-NH3

+−O3S-R + HCl 

Third stage is the process of complexing the lead 
ion with the arsenazo III ion chemically sorbed to 
the polymer matrix in a static process. The reaction 
of lead (II) with the arsenazo III reagent in ~R-
NH3

+−O3S-R was carried out as follows: a 1 × 10−4 
M standard solution of lead (II) was mixed with the 
immobilized carrier polymer ( ~R-NH3

+−O3S-R) in 
a flask; as a result, ~R-NH3

+−O3S-R-Pb was formed. 
Pb (II) ions are strongly bound to the hydroxyl 
functional groups through an ionic bond and to the 
–N= functional group through a coordination
bond.13,14

Results and Discussion 

Quantum Chemical Calculation 
Electrostatic potential surfaces are important in 

identifying the reaction centers of molecules, 
especially in noncovalent interactions. These surfaces 
indicate the nucleophilic and electrophilic centers of 
molecules. In Figs 1a and 1b, the red dots represent 
regions with a high electron cloud density and a 
negative electrostatic potential, i.e., regions with more 
electrons. The purple centers represent regions with a 
positive potential and fewer electrons.15 

Electrostatic Potential: In the electrostatic 
potential (ESP) surface of Arsenazo III (Fig. 1), red 
regions indicate potential minima, while purple 
regions indicate potential maxima. Both large maxima 
and small minima are observed in the figure. 
Additionally, white spheres represent minima, and red 
spheres represent maxima. The electrostatic potential 
analysis revealed that the coupling reactions occur 
primarily through the -OH and -N= functional groups. 

It was found that the highest electron cloud density 
of the arsenazo III reagent is O-0.758, which belongs to 
the SO3H group. Therefore, it can be assumed that the 
immobilization of the arsenazo III reagent on the fibers 
occurs through the sulfo (SO3H) group of the reagent 
(Fig. 1b). 

HOMO-LUMO: In computational chemistry, 
HOMO (Highest occupied molecular orbital) and 
LUMO (Lowest unoccupied molecular orbital) are 
key concepts in analyzing the electronic structure of a 
molecule. They describe the highest occupied and 
lowest unoccupied orbitals in a molecule. 

HOMO-LUMO energy gap: The energy difference 
between HOMO and LUMO is important in determining 
the reactivity and stability of a molecule. This difference 
is also called the energy gap. A small HOMO-LUMO 

Fig. 1 — Arsenazo III: (a) Electrostatic potential surface, (b) Electron cloud density 
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gap makes a molecule reactive towards chemical 
reactions, while a large gap increases stability. These 
aspects could be seen from Fig. 2. 
1. Reactivity:
1. If it is between 0–2 equiv, it reacts easily and

quickly
2. If it is between 2–4 equiv, it reacts under certain

conditions
3. If it is greater than 4 equiv, it is inert
4. Soft if it is less than 1 equiv, hard if it is greater

than 1 equiv
EL = −0.12387 equiv EH = −0.24506 equiv 
∆E=EL−EH= −0.12387 − (−0.24506) = 0.12119 

equiv 

Conclusion: the substance reacts easily and the 
substance is soft. 

Spectrophotometric Analysis 
The EMC-30PC-UV-1800 spectrophotometer was 

used to measure the maximum absorption area of the 
arsenazo III reagent. The measurements were taken 
against the reference solution arsenazo III and the 
absorption areas were compared. The maximum 

absorption wavelength of the arsenazo (III) reagent 
was observed at 540 nm. This information was 
important for determining the maximum absorption 
wavelengths of the reagents, and the analysis for 
subsequent experiments was based on changes in 
these wavelengths.16 

Optimal Carrier 
To select the optimal carrier, 0.2 g of several types of 

sorbents were weighed on an analytical balance with an 
accuracy of 0.0001 and processed using a 0.1 N HCl 
standard solution, and then the matrices were washed, 
dried, and stored in special petri dishes. The carriers 
were placed in a glass, and 0.02% solutions of the 
selected organic reagent arsenazo III were added to 
them. Then the optical density of the solutions before 
and after immobilization was measured on an “EMC-
30PC-UV, UV-5100 UV VIS” spectrophotometer, and 
after immobilizing the selected activated carrier organic 
reagent under optimal conditions, their spectra were 
measured on an X. Rite Eye-one-pro reflectance 
spectrophotometer, calibrated against the original 
polymer matrices based on the BaSO4 matrix, and the 
results are presented in Fig 3.(17) 

Fig. 2 — Molecular orbital of arsenazo III: (a) The HOMO (highest occupied molecular orbital), (b) The LUMO (the lowest unoccupied
molecular orbital) 

Fig. 3 — Arsenazo III reagent immobilized on several types of sorbents: (a) light reflectance spectra; (b) Kubelka–Munk function 
representation of the reflectance spectra 
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The reflectance spectra of the best immobilized 
organic reagents on the sorbents were measured and 
analyzed on an X-rite eye-one Promini Spectro-
photometer. The results are presented in Fig. 3. 

In the above results, it was observed that the 
organic reagent Arsenazo III was the best carrier to 
PPD fiber and they were selected as the sorbent.18–21 

Time Dependence of Reagent Immobilization 
To study the time dependence of immobilization of 

the Arsenazo III reagent on PPD fiber, the fiber was 
incubated in a 1 × 10−3 M solution of the reagents for 
1–50 minutes and the analytical signals were 
measured, the results obtained are presented in Fig. 4. 

It can be seen from the graph above that 15 
minutes is sufficient for complete immobilization of 
the Arsenazo III reagent. 

The Dependence of Complex Formation on the pH of the 
Medium and the Nature of the Buffer 

In a 25 ml standard volumetric flask, 2 ml of 
0.001% aqueous solution of ARSENAZO III 
reagents, 5.0 ml of a buffer solution of known pH and 
1 ml of Pb2+ solutions (60 μg/ml) were added and 
double distilled water was added to the mark of the 
flask. The pH of the resulting solutions was 
redetermined using a PHS-3E pH meter (China) and 
the optical densities (λmax = 540, l = 1.0 cm) were 

measured relative to standard reference solutions. The 
results obtained are presented in Fig. 5 and Table 1. 

From Fig. 5(d) and Table 1, it can be concluded 
that the complex formation with immobilized 
ARSENAZO III and Pb2+ ions leads to the formation 
of a stable complex between pH = 5–6. The highest 
analytical signal was observed at pH = 5.8. For the 
subsequent analysis processes, the acetate buffer 
solution was used at pH(Pb2+) = 5.8 for the formation 
of lead complexes.22–24 

Observance of the Bouguer-Lambert-Beer law 
Experiments were conducted to study the 

obedience of the Bouguer-Lambert-Beer law in the 
determination of lead (II) ions using immobilized 
arsenazo III salt reagents. 

The applicability of the Beer–Lambert–Bouguer 
law for Pb(II) ion concentrations in a 25 mL solution 
within the range of 1–60.0 μg/mL is demonstrated in 
Fig. 6. A deviation from linearity is observed at 
higher concentrations; however, the method remains 
sufficiently sensitive for the detection of metal ions in 
environmental samples. 

Spectral Characterization of the Complex Formation of 
Lead(II) ion with Immobilized Arsenazo III 

The complex of Arsenazo III immobilized with 
PPD sorbent, reagent immobilized on the sorbent and 
Pb (II) ions was analyzed by the absorption 
spectrophotometric method. As can be seen from 
the analysis results (Table 2), the absorption 
spectrophotometric analysis of the Arsenazo III 
reagent and its complex with lead (II) ions in solution 
showed that the reagent absorbs at a  wavelength   of  

Fig. 4 — Time dependence of reagent immobilization Fig. 5 — Dependence of complex formation on the environment 

Table 1 — Selection of optimal buffer solution 
R+Me Buffer solution pH

2 3 4 5 5.5 5.8 6 7 8 9 

A
rs

en
az

o 
II

I+
P

b2+
 

Acetate (A) — 0.18 0.35 0.68 0.8 0.54 — — — 
Universal(A) — 0.15 0.35 0.43 0.46 0 .5 0.48 — — — 
Phosphate(A) — — — 0.25 0.28 0.32 — — — — 
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540 nm, and its complex with lead ions at 610 nm 
(Fig. 7), with a contrast of 70 nm. When analyzed by 
the absorption spectrometer for the immobilized 
reagent and the complex with lead ions (Figs 8 and 9), 
the values of the maximum analytical signal 
were observed at 540 nm and 610 nm, respectively, 
which indicates that the analysis was carried out 
correctly.25,26 

The increase in reaction contrast on the solid 
substrate indicates that the immobilized reagent 
adopts a more rigid structure due to steric hindrance. 
As rotational and vibrational motions are restricted, 
the analytical signal reaches its maximum during 
immobilization. 

IR Spectrum Analysis 
The structure of the complex formed by lead (III) 

and the arsenazo III reagent immobilized on the 
polymer matrix and the mechanism of immobilization 
of the reagent on the fiber were determined using IR 
spectrometry. The infrared spectra of the complex 
were studied in the frequency range of 4000-400 cm-1 
using an IR-Fourier-spectrometer “Bruker Invenio S-
2021”. To study the mechanism of immobilization of 
the arsenazo III reagent on the fiber, the IR spectra of 
the complex formed with the fiber, the reagent, andthe 
metal ion of the immobilized reagent were measured 
and are presented in Fig. 9.(27,28) 

In the IR spectrum of Arsenazo III, we can observe 
an absorption line formed by the valence vibrations of 
the -OH bond in the 3369 cm−1 region, absorption 
lines formed by the valence vibrations of the -C-H 
(sp3) bond in the 2916 cm–1 region, absorption lines 
formed by the valence vibrations of the =C-H (sp2) 
bond in the 3081 cm−1 region, an absorption peak of 
the -C-N=N bond in the 1620 cm−1 region, absorption 
lines belonging to the -SO2 in the 1413–1478 cm−1 
region, absorption lines belonging to the C-O-H bond 
in the 1169–1297 cm−1 region, absorption lines 
belonging to the -C-S- bond in the 785 cm−1 region, 
and absorption lines formed by the vibrations of the 
As-O bond in the 423–626 cm−1 region.30 

The broadening of the absorption peaks in the IR 
spectrum of PPD fiber immobilized with Arsenazo III 
reagent in the 3342 cm−1 region due to the vibrations 
of the -O-H bond and the 3273 cm−1 region due to the 
formation of hydrogen bonds and donor-acceptor 
bonds in this region indicates that the reagent is 
attached to the fiber. Because these peaks occur 
separately in the IR spectrum of the starting materials. 
We see that the peaks in the 478-909 cm−1 region are 
significantly broadened compared to the IR spectrum 

Table 2 — Spectral characterization of the complex formed between Pb(II) ions and the Arsenazo III reagent was performed under the 
following conditions: path length = 1.0 cm, and Pb²⁺ concentration = 60 μg. 

Complex color, phase pH λ, HR nm 
λ, MeR 

nm 
Δλ CPb

2+mkg/ml 

Purple, solution 5-6 540 610 70 60 
Purple, solid 5-6 540 610 70 60 
Note: HR -reagent, MeR-metall–reagent complex 

Fig. 6 — Graph showing the dependence of optical density on the 
amount of Pb(II) ions added 

Fig. 7 — Absorption spectra of ARSENAZO III (λр = 540 nm)
and its complex with lead (II) ion in solution (λk = 610) 
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of the starting products, which indicates an increase in 
intermolecular and intramolecular hydrogen bonds in 
the product structure. The formation of absorption 
lines in the 478–499 cm−1 region due to the vibrations 
of the As-O bond, which are not found in the 
IR spectrum of the fiber, also indicates the 
immobilization of Arsenazo III on the fiber. In the IR 
spectrum of the immobilized arsenazo III complex 
with Pb (II) ion, we can see that the main changes are 
observed in the 502 cm−1 and 554 cm−1 regions, while 

the absorption lines belonging to the main functional 
groups are preserved.31 In particular, we can observe 
that absorption lines belonging to the -O-Pb- and -N-
Pb- bonds are formed in these regions Table 3. 

X-ray Fluorescence Analysis of the Complex
The X-ray fluorescence (XRF) spectrum of

Arsenazo III immobilized on the PPD sorbent exhibits 
characteristic peaks of arsenic, which are absent in the 
spectrum of the bare sorbent. The XRF spectrum of 
the Pb(II)–immobilized Arsenazo III complex shows 
prominent Pb peaks, confirming the interaction 
between the immobilized reagent and lead ions 
(Fig. 10). 

SEM Analysis 
SEM analysis of immobilized arsenazo III and its 

complex with Pb (II) ion. Morphological studies and 
elemental composition of fibers were carried out 
using a scanning electron microscope "VO-MA 15" 
(Zeiss, Germany). To obtain information about the 
composition of elements, electron photographs with 
selected locations, composition tables and graphic 
spectra of fiber samples, immobilized arsenazo III and 

Table 3 — FTIR Spectral Analysis of PPD Fiber, Immobilized Arsenazo III, and the Pb(II)–Immobilized Arsenazo III Complex 

Compound ν = 
SO2OR 

ν = 
C=N 

va 
(C-
N) 

ν = 
O-
As 

ν = 
OH 

ν = 
C-H 
(Ar)

ν = 
O-
Pb 

ν = C-H 
(sp3) 

ν = 
CN 

ν = 
N-H

PPD — 1646 — — — — 2852–
2923 

2242 3185 

Immobilized 
(Arsenazo 

III) 

1453 1654 478 3342 3042 — 2926–
2853 

2192 3273 

Immobilized 
arsenazo III 

Pb(II) 
complex 

1455 1647 — 3373 2923 502 2852 2242 

Fig. 8 — The light reflection spectrum of the carrier sorbent PPD, Arsenazo III immobilized on it, and the complex: (a) the spectrum, (b) 
the Kubelka-Munk function 

Fig 9 — IR spectrum of the complex of immobilized arsenazo III
with Pb(II) ion immobilized on it, and the complex. 
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its complex with lead ions were presented. The 
reagent immobilized on the fiber in an appropriate 
medium was immersed in the studied lead solution, 
prepared for analysis and after 15 minutes was 
removed and examined under a scanning electron 
microscope.32 The results are presented in Figs 11 & 
12. 

When the PPD fiber matrixwith the arsenazo III 
reagent immobilized was analyzed using a scanning 
electron microscope, it can be seen from the spectrum 
(Figs 12a, 12b, 12c) and table that the chlorine in the 
carrier was replaced by arsenazo III, since the spectra 
corresponding to arsenic atoms were clearly visible. 
Then, SEM analysis of the complex formed with Pb 
showed that the percentage concentration of N and O 
atoms decreased and a signal corresponding to Pb was 
formed.33–36 

The SEM–EDX analysis of the immobilized 3,6-bis-
[(2-arsenophenyl)azo]-4,5-dihydroxy-2,7-
naphthalenedisulfonic acid shows intense peaks 
corresponding to C (49.04 ± 0.03; 54.73 ± 0.04), N 
(24.91 ± 0.09; 23.84 ± 0.08), O (25.32 ± 0.07; 21.22 ± 
0.06), S (0.35 ± 0.00; 0.15 ± 0.00), and As (0.38 ± 0.02; 
0.07 ± 0.00), while elements with very low probability 
appear only as minor lines. In the solid-phase Pb²⁺ 
complex, the decrease in N and O concentrations from 
the original SEM data, along with the appearance of an 
intense Pb peak, confirms the successful formation of 
the complex in the solid state. 

Fig 10 — (a) XRF spectrum of the Pb(II)–immobilized Arsenazo III complex, showing prominent Pb peaks; (b) confirmation of the
interaction between the immobilized reagent and Pb(II) ions

Fig. 11 — Arsenazo III immobilized on PPD fiber: (a) SEM
image, (b) SEM spectrum, (c) Morphological study 

Fig. 12 — Complex of arsenazo III reagent immobilized on PPD
with lead (II): (a) SEM image, (b) SEM spectrum, (c)
Morphological study 
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As can be seen from the obtained X-ray 
fluorescence and SEM results, it can be concluded 
that arsenazo was immobilized on the PPD fiber, and 
the Pb (II) ion interacted with the immobilized 
organic reagent. This indicates the correctness of the 
developed sorption-spectrophotometric method. 
Structure of the complex formed by Pb(II) ion with 
arsenazo III in a solid matrix is given below in 
scheme 3. 

The sensitivity index of the developed method 
according to Sendel was found to be 0.001 μg/cm2, 
with light absorption as follows: 

𝑆. 𝑏. 𝑠.ൌ
60 ൈ 1.0 ൈ 0.001

0.7 ൈ 25
ൌ 0.00342

𝑚𝑘𝑔
𝑠𝑚ଶ

The results of the analysis were summarized and 
presented in the Table 4. 

Application of the Developed Sorption-Spectrophotometric 
Method for the Determination of Pb (II) to the Analysis of 
Complex Model Mixtures 

To apply the developed method to the analysis of 
real objects, a complex model mixture close to the 
composition of the natural object was initially 
prepared, and the sorption-spectrophotometric 
determination of Pb (II) ion in this solution was 
carried out using the same method and conditions as 
for individual solutions. The analysis results are 
presented in Table 5. 

Competitiveness Assessment of the Sorption-Spectrophotometric 
Method for the Determination of Pb (II) ion 

To assess the competitiveness of the proposed 
sorption-spectrophotometric method for the 
determination of Pb (II) ion, as well as to determine the 
reliability of the results obtained, some metrological and 
analytical parameters of other alternative methods were 
compared. The results are presented in Table 6. 

The data in Table 7 demonstrate the accuracy of 
the developed method, and its comparison with other 
independent methods shows that the proposed 
methods are in no way inferior to existing and widely 
used methods in chemical analysis for some 
metrological characteristics. Thus, the developed 
method can be used in the analysis of technical and 
real objects.34–37 

According to ompares the performance of the 
Sorption-Spectrophotometric (SSF) and Inversion-

Scheme 3 — probable structure of the complex formed by Pb(II)
ion with arsenazo III in a solid matrix 

Table 4 — Comparison of optimal conditions for complexation of Pb(II) with Arsenazo III in solution and on a PPD polymer 
carrier 

Parameters 
Conditions for the formation of the complex 

In solution PPD in a polymer matrix 
λ (nm) 610 610 

Optimal pH 5.8 5.8 
Lower detection limit 

mkg/ml 
0.04 0.04 

Time to manifestation of 
complex formation (min) 

15 7–10

Selectivity 
Co(100), Ni(50), Cu(50), Al(100), 
Zr(10), Mo(10), W(50), Cd(100) 

Co(100), Ni(50), Cu(50), Al(100), Zr(10), 
Mo(10), W(50), Cd(100) 

Table 5 — Results of the determination of Pb(II) ion in artificial mixtures with immobilized arsenazo III (P = 0.95 n = 5) 

Composition of the mixture being analyzed, μg 
Found Ме, mkg (Р = 0.95; n = 5) 

െ𝒙 േ ∆𝑿 S Sr 
Pb(2.0) + Fe(5.0) + Zn(15) 1.99 ± 0.02 0.017 0.008 
Pb(1.0) + Cr(10.0) + Cd(13.0) + Cu(10.0) 0.99 ± 0.03 0.025 0.026 
Pb(3.0) + Mn(5.0) + Fe(15.0) + Mn(10.0) 2.98 ± 0.02 0.021 0.007 
Pb(5) + Ca(3.0) + Mg(2.0) + Cu(10.0) + Fe(30.0) 4.98 ± 0.02 0.02 0.004 
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Voltammeterometric (IV) methods for the determination 
of Pb(II) in technogenic waters (n = 11; f₁ = f₂ = 11, P = 
0.99). Both methods yielded identical mean Pb(II) 
concentrations of 0.4 μg/mL, indicating that either 
technique can reliably quantify lead in these complex 
water matrices. The standard deviation was slightly 
higher for the SSF method (Sr = 0.07 μg/mL) compared 
to the IV method (Sr = 0.05 μg/mL), suggesting 
marginally lower precision for SSF; however, this 
difference was not statistically significant. These 
findings indicate that the SSF method is not only 
competitive with the IV method in terms of accuracy but 
also offers the advantages of simplicity, lower cost, and 
potential applicability for rapid in-field analysis. 
Furthermore, the robustness of the SSF method in 
handling technogenic water samples with potentially 
interfering matrix components underscores its suitability 
as an alternative analytical technique for routine 
monitoring of Pb(II) contamination. 

To assess the accuracy of the developed method, 
we checked it with tabular data using Student's 
coefficient and Fisher's criteria, and we observed that 
the obtained analysis results were correct. 

Conclusions 
This study presents the development and validation 

of a novel sorption-spectrophotometric methodology 
for the quantitative determination of Pb(II) ions using 
Arsenazo III immobilized on a PPD polymeric matrix. 
The method exhibited high analytical performance, 
with a detection limit of 0.04 μg/mL, a relative 
standard deviation of 0.06, and linear response in the 
0.04–2.4 μg/mL range, consistent with the Beer–
Lambert–Bouguer law. Spectroscopic, IR, XRF, and 

SEM analyses confirmed efficient immobilization of 
the reagent and robust formation of the Pb(II)–
Arsenazo III complex. The approach demonstrated 
excellent selectivity against multiple potentially 
interfering metal ions, while statistical evaluation 
using Student’s t-test and Fisher’s F-test verified its 
reliability and reproducibility. Limitations include 
minor sensitivity variations in highly matrix-loaded or 
complex environmental samples. Future studies may 
extend the methodology to simultaneous multi-metal 
detection and portable, in-field applications. Overall, 
the proposed method offers a rapid, cost-effective, 
and highly selective analytical platform for routine 
environmental monitoring of lead contamination. 
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