ISSN-1996-918X P N
Pak. J. Anal. Environ. Chem. Vol. 27, No. 1 (2026) 470691c . J Cross Mark

http://doi.org/10.21743/pjaec/2026/470691c

Synthesis and Characterization of polypyrrole / Silver
Nanoparticles Composites as Creatinine Sensor

Ammar M. Abdullah* and Ibraheem J. Ibraheem

Department of Chemistry, College of Science, University of Anbar, Ramadi, Al Anbar, Iraq.
*Corresponding author Email:ammar.moh@uoanbar.edu.iq
Received 10 July 2025, Revised 17 March 2026, Accepted 02 April 2026
Academic Editor: Amber R. Solangi

Abstract

The Jaffe reaction is commonly employed to detect creatinine. This work involves the creation of
several electrochemical sensors for the detection of creatinine, utilizing films made from polymer
composites with nanoparticles and picric acid. Based on the interaction mechanism of creatinine,
we synthesized four working electrodes (WEs): polypyrrole (Ppy) alone, Ppy with silver
nanoparticles (AgNPs), Ppy with picric acid, and a combination of Ppy, picric acid, and AgNPs.
All these electrochemical sensors exhibited distinctive sensitivities for creatinine detection. The
performance and electrochemical behavior of the sensors were evaluated using cyclic
voltammetry. AgNPs were synthesized biologically using Capsicum annuum leaves extract,
serving as both a reducing and capping agent. Ppy was prepared via chemical polymerization
using ammonium persulfate (APS) as an oxidizing agent in the presence of hydrochloric acid as a
dopant. The sensor presented a limit of detection (LOD) of 0.144 mg/dL and a limit of
quantification (LOQ) of 0.44 mg/dL. Ppy and AgNPs were characterized by UV-Visible
spectroscopy, field emission scanning electron microscopy (FESEM), atomic force microscopy
(AFM), and X-ray diffraction (XRD). The prepared sensors were successfully applied for the
direct detection of creatinine.
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Introduction

Polypyrrole (Ppy) is an electrically conducting
polymer. It consists of heterocyclic monomers
linked to each other. The molecular structure
includes a five-membered pyrrole ring linked
together at the 2 and 5 positions. It was first
prepared in 1963 from tetraiodopyrrole by
pyrolysis [1]. Ppy is a naturally occurring
conducting polymer that is frequently used as
a biomaterial because of its exceptional
qualities, which include stability, electrical
conductivity, and exceptional biocompatibility
[2]. Because of its low cost and strong
electrical properties, Ppy is the most
extensively used in the biomedical field as
well as other areas, including sensors,

actuators, and energy generators (batteries and
solar cells) [3]. Is the most widely used
method for easily and quickly synthesizing
Ppy without the need for specialized
equipment. Large-scale production can also be
accomplished with this technology. Black
powder of Ppy may be prepared by the
oxidation of Ppy with chemical oxidants [4].
Conducting polymers (CPs) received great
interest due to their economic significance,
strong environmental stability and electrical
conductivity, and also because of their
valuable mechanical, optical, and electronic
features [5]. Since their discovery, researchers
have been investigating the unique electrical
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characteristics of intrinsically conductive
polymers for a variety of applications.
Because of their conjugated electron
backbone, these polymers have -electrical
properties like low ionization potential, low
energy optical transmission, and strong
electron affinities [6]. The synthesis of
nanoparticles by biological processes is
categorized under the bottom-up strategy,
wherein reduction is facilitated by stabilizing
agents. The biosynthetic method is a clean,
non-toxic, and environmentally friendly
methodology for nanoparticles creation under
atmospheric  circumstances [7].  Plant-
mediated preparation has garnered
considerable interest due to the quantity and
diversity of plant species, which offer a
substantial reservoir of bioactive chemicals for
nanoparticle synthesis [8, 9]. Peppers
(Capsicum spp.) are regarded as possessing
significant nutritional value due to their
phytochemical content. Peppers are rich in
phytochemicals, including  carotenoids,
capsaicinoids, flavonoids, ascorbic acids,
anthocyanins, vitamins, phenolic acids, and
tocopherols [10-12]. AgNPs have been much
studied because of their unique properties,
which include their optical, electrical, and
antimicrobial properties [13]. Compared to
other metals, silver has a low chemical
reactivity and great stability, making it an
important nano-technology invention. Since
AgNPs have special physicochemical features,
they have drawn a lot of interest in biological
applications [14]. Which make them distinct
substances with antibacterial, antifungal,
antiviral, and anticancer activities [15].
Additionally, AgNPs are playing a significant
function for many uses, including information

storage, chemical sensing, ointments,
nanomedicine, antioxidants, anti-microbial
agents, and the food sector [16]. The

macroscopic materials known as composites
are created when two or more materials with
dissimilar morphologies, compositions, and
physical and chemical characteristics are

combined. These materials acquire new or
enhanced mechanical, chemical, physical,
and other qualities that do not correspond
to their constituent parts [17]. Composites can
be made to meet precise geometrical,
structural, mechanical, chemical, and even
aesthetic requirements, depending on the
intended use. These artificial materials are
used in a variety of industries and fields,
including aerospace, naval (such as ships and

boats), automotive (such as automobile
bodies), construction (like buildings and
bridges), and biomedical [18]. The

nanocomposites have good activity against
different gram +ve and gram —ve bacterium
kinds and distinct inhibition of breast cancer
cells [19]. Biosensors are analytical
instruments that integrate a biological element
with a physicochemical sensor [20]. These
technologies can deliver rapid, dependable,
and precise identification of particular

biological processes and analytes [21].
Biosensors can be classified as
electrochemical, optical, thermal, or

piezoelectric based on the type of transducer
utilized [22].

Electrochemical diagnostics typically have
exceptional  attributes, including  high
sensitivity, an extensive detection range, cost-
effectiveness, and ease of delivery [23]. An
electrochemical biosensor is an autonomous,
consolidated apparatus that delivers certain
quantifiable or semi-quantifiable analytical
data utilizing a biological recognition element
(biochemical receptor) in connection with an
electrochemical transduction component [24].
Biological constituents serve as sensitive
elements; the electrode functions as a
conversion component; and current, potential,
and resistance are the measurable qualities of
a signal. They have benefits like improved
sensitivity, durability, dependability, and the
possibility of integration onto a single chip
[25].
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The electrochemical biosensor is a
sensing platform that assesses variations in
electrical characteristics (current, impedance,
conductivity, voltage, or potential signal)
resulting from biochemical interactions
between a biomolecular component and a
target analyte [26]. The clinical diagnosis of
renal dysfunction, acute kidney injury, or
chronic kidney disease is conducted by
assessing creatinine levels in human serum.
Creatinine is a metabolic byproduct of muscle,
generated by the conversion of creatine and
creatine phosphate, accompanied by the
release of energy [27]. Electrochemical
creatinine (bio) sensors are a feasible
substitute for traditional analytical techniques
and clinical methodologies [28].
Electrochemical biosensors are autonomous
integrated devices that deliver specific
quantitative or semi-quantitative analytical
data utilizing a biological recognition element
(biochemical receptor) in direct contact with
an electrochemical transduction element [29].

Gao et al. established a novel Cr
detection method by altering glassy carbon
electrodes with electrodeposited copper
nanoparticles on the polydopamine-reduced
graphene oxide-nano bead layer. Square-wave
voltammetry was employed to identify Cr in a
phosphate buffer solution (PBS). The sensor
demonstrated elevated sensitivity, a linear
response range of 0.01-100 pM, and a
detection limit of 2 nM [30]. Pedrozo-Penafiel
et al. utilized a gold electrode altered with
Nafion and graphene quantum dots in a Cu®"
distribution to develop a voltammetric sensor
for the sensing of Cr in urine examples. This
sensor exhibited a variable reaction range of
0.11-50.9 mg/L; conversely, its selectivity
was diminished [31]. Sriramprabha et al
synthesised Fe,O3 /polyaniline nanocomposite
for the sensing of Cr in a sample. A response
series 0f 0.001-13 Mm and a detection limit of
144 nM with improved sensitivity were
reported. The sensor operated without the

necessity of a bioreceptor or binder, nor did it
require any pre-treatment of the material [32].
Fava et al. developed a screen-printed device
modified with carbon black film for the non-
enzymatic creatinine determination based on
its complex formation with Fe(IIl). Cyclic

voltammetry and differential pulse
voltammetry  were  utilized for the
electrochemical characterization and

analytical performance assessment of the
microcell. The sensor exhibited a linear
response  for creatinine  concentrations
between 0.10 and 6.5 mmol L', with a
detection limit of 0.043 mmol L™". [33].

In this research, an electrochemical
sensor was prepared and used to detect
creatinine directly by recording the response
of the direct interaction of creatinine with the
used electrode.

Material and Methods
Materials and Chemicals

Fresh leaves of Capsicum annuum
were collected from Saglawia, Anbar, Iraq;
silver nitrate and pyrrole were purchased from
Sigma-Aldrich (USA); acetone and ethanol
from Scharlau (Spain); ammonium persulfate
from Prolabo (France), hydrochloric acid from
CDH (India), and creatinine were procured
from Alpha Chemika (India).

Instrumentations

All electrochemical measurements
were conducted with a potentiostat
apparatus. A three-electrodes system, was
used comprising a modified ITO electrode
with Ppy, Ppy /picric acid, Ppy/AgNPs
and Ppy/picric acid/AgNPs as the working
electrodes, a saturated calomel electrode
(SCE) as the reference electrode, and a
platinum wire as the counter electrode.
The following techniques were used to
determine  the  structure of the
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nanoparticles: atomic force microscopy
(AFM), field emission scanning electron
microscopy (FE-SEM) (AxiaChemiSEM),
FTIR spectroscopy (Shimadzu FT-IR-
8400), X-ray diffraction (XRD) (Malvern
panalytical), and UV-visible spectroscopy
(Shimadzu UV-160A) and Flame Atomic
Absorption Spectroscopy (FAAS)
(Phoenix 986, USA).

Preparation of Capsicum Annuum Powder

Leaves of Capsicum annuum were
collected, rinsed with water, and air-dried for
several days. Subsequently, the leaves are
pulverized into a fine powder.

Preparation of Capsicum Annuum Crude
Extract

100 mL of deionized water was
combined with 10 g of powdered leaves in a
150 mL beaker. The mixture was stirred for
two hours at 50 °C. The resultant combination
was filtered and dried in a ceramic basin. 0.1 g
of collected precipitate was dissolved in 100
mL of deionized water to achieve a
concentration of 1000 ppm of leaf extract
[34].

General Procedure for Preparation of Silver
Nitrate (AgNO3)

0.063 g of AgNO3 was dissolved in 20
mL of deionized water, and the volume was
adjusted to 200 mL to prepare a 200 ppm
AgNO;j solution.
Synthesis

Green of Ag Nanoparticles

(AgNPs)

3 mL (1000 ppm) of Capsicum
annuum leaves extract was added to 15 mL
(200 ppm) of AgNO; solution, and the
mixture was agitated for two h at 60 °C. The
color transformation from colorless to brown
indicates the formation of AgNPs. The

separation of AgNPs was conducted via
centrifugation at 11,000 rpm to isolate the
nanoparticles and conservation of it in of
deionized water.

Synthesis of Polypyrrole

Ppy was produced through the
chemical oxidative polymerisation of
pyrrole. Initially, 0.2 M of pyrrole monomer
solution was prepared by dissolving 0.71 mL
of pyrrole in 50 mL of deionized water and
agitating for 15 min. Ammonium persulfate
(APS) 0.25 M was prepared by adding 50
mL of hydrochloric acid (0.2 M) to 2.85 g of
APS, which was then added dropwise to a
pyrrole solution over a period of 30 min. The
reaction mixture was thereafter agitated for 2
h at ambient temperature to finalize the
polymerization. Upon completion of the
reaction, the resultant black precipitate was
filtered and subsequently washed multiple
times with deionized water and ethanol.
Finally, the resulting Ppy was dried [35,36].

Preparation of Ppy/ Picric acid/ AgNPs
(250) ppm Nanocomposites

Ppy (0.05 g), picric acid (0.39 g),
and AgNPs (250 ppm) were placed inside
a 10 mL Teflon hydrothermal autoclave.
The hydrothermal autoclave was strongly
closed and placed in an electric furnace,
where it was heated to 180 °C for 6 h [37],
to synthesize Ppy/picric acid/ AgNPs
nanocomposites. Other composites (Ppy
(0.05) g /AgNPs (250) ppm) and (Ppy/
picric acid (0.39) g) were prepared in the
same method.

Preparation of Ppy/AgNPs Composite
Films (Modification of Electrode)

The spray drying technique was
employed to fabricate nanofilms. In this
process, 500 microliters of Ppy/AgNPs
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nanocomposites are atomized through a
nozzle onto ITO glass slides (2x1 cm),
where the droplets are concurrently dried
on a hot plate to yield the nanofilms. The

other =~ nanocomposite films  were
synthesized in the same method.
Results and Discussion
Synthesis of Silver Nanoparticles
Forming AgNPs Ag°® caused by

reduction processes between the solution of
AgNOs; and the extract of Capsicum annuum
leaves, so the colour shift of the mixture from
colourless to brown verified the reduction and
nanoparticles construct [38]. Fig. | suggests a
process that may be used to explain the
biogenesis of AgNPs.

Growth

P
-

—
—

'-\J‘\’_
Jio |
/

AgNO; Plant extract

Figure 1. Mechanism for the synthesis of AgNPs

Synthesis of Polypyrrole

Using the chemical oxidative
polymerization method, Ppy is made by
adding APS, which was previously prepared
and used as an oxidant for pyrrole monomer,
under stirring for 2 h at room temperature with
hydrochloric acid as a dopant, as indicated in
the Equation.

e/
4n®+5n(NH4)zszosi- 7 N=_ () [ ) 1

N N
N )
N H H

Polypyrrole

+ 4nH,80, + 5n (NH,),S0;

Equation: Preparation of polypyrrole [36]

Characterization
Flame Atomic Absorption Spectroscopy

The concentration of produced
nanoparticles was quantified by Flame Atomic
Absorption  Spectroscopy  [39], which
elucidates that the concentration of AgNPs
was 1400 ppm.

Measurement of UV-Visible spectroscopy

UV-visible spectroscopy was used to
analyze the produced solution of AgNPs and
characterize it. A wide peak at 432 nm was
evidence of AgNPs manufacture using leaf
extract, as shown in Fig. 2.

2(.)0 3(.)0 4(.)0 560 6(.)0 760 860
Wave length (nm)

Figure 2. UV-Visible spectrum for AgNPs
X-ray diffraction analysis (XRD)

X-ray diffraction methods play a
crucial role in the analysis of crystalline and
amorphous materials by supplying
information pertinent to phase identification.
The X-ray diffraction of the synthesized
AgNPs utilizing leaf extract is illustrated in
Fig. 3. The diffraction peaks located at 20 =
38.48, 46.56, 64.75, and 77.12 correspond to
the (111), (200), (220), and (311) planes,
respectively, confirming that the face-centered
cubic (fcc) structure of AgNPs (JCPDS file
No. 04-0783). According to Debye-Scherer's
equation, the mean crystallite size is 22.90
nm. The XRD pattern included supplementary
unassigned peaks at 26 28.16, 32.58, 55.19,
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and 57.82. These peaks were ascribed to the
crystalline characteristics of the bio-organic
phase (capping agent) on the surface of the
AgNPs [40]. Alternatively, it may be
attributable to the creation of silver oxide
(Agy0). Krishnamoorthy et al. observed
analogous results [41].

The XRD patterns confirm the
inclusion of NPs in the composites, as
illustrated in Fig. 4. The XRD pattern of
Ppy/AgNPs (250) ppm exhibited a unique
reflection positioned at 20 = 24.49, attributed
to the doped Ppy structural properties [42].
The peaks of diffraction at 26 = 37.58, 43.79,
64.05, 76.55, and 81.14, corresponding to the
(111), (200), (220), (311), and (222) planes of
silver (Bragg reflection) respectively, and are
in agreement with those reported for silver
nanoparticles (JCBDS 03-0921) [43]. The
sharp XRD peaks of Ag in the composite
indicate that the AgNPs are orderly distributed
in the composites.
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Figure 3. X-ray diffractogram of AgNPs
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Figure 4. X-ray diffractogram of Ppy/AgNPs nanocomposites

Analysis of Fourier Transform Infrared
Spectroscopy (FT-IR)

One crucial method for identifying the
functional groups of potential biomolecules in
the leaf extract is FT-IR spectroscopy. It is in
charge of capping these nanoparticles and
reducing the metal ions [44]. The FTIR
absorption spectrum showed an absorption
band at 3275.67 cm” due to the stretching
vibration of the OH group in the dried leaves
extract, indicating the presence of phenolic
compounds, and might alternatively be
ascribed to the (N-H) group. The band at
2926.44 cm” was attributed to the stretching
vibration of the aliphatic C-H group. The
presence of C=C groups was demonstrated by
the absorption bands at 1645.36 cm™. The C-
H rocking for the alkenes group is responsible
for the band at 1384.93 cm™. The band at
1263.87 cm™ is attributed to the C-O-H. The
strong peak observed at 1027.62 cm™ can be
attributed to -C-O-C for ether groups [45]. All
these regions are shown in Fig.5.
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Figure 5. FT- IR spectrum for leaf extract.
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Field  Emission  Scanning  Electron
Microscopy (FESEM)
FESEM is an analytical method

utilized to analyze the average size and
morphology of nanoparticles inside a sample.
FESEM picture of AgNPs synthesized using
leaf extract revealed that the nanoparticles
exhibit spherical morphology, with a diameter
ranging from 31.57 to 42.41 nm, as shown in
Fig. 6. The FESEM image of Ppy illustrated
the morphology of synthesized Ppy using APS
solution. According to the FESEM image, the
average diameter ranges from (139.1- 442.3
nm), and the images exhibit a cauliflower-like
shape composed of microspherical grains [46],
with an average size of 53.05-93.32 as
illustrated in Fig. 7. FESEM can be utilized to
examine the dimensions and aggregation of
nanoparticles within composites. The scanning
electron  micrographs  of  Ppy/AgNPs

composites are shown in Fig. 8.

Figure 7. A FESEM Image of polypyrrole

500 nm
inspect f 50-FEI Compan

HV mag
30.00 kV/120 000 x ETD 1.23e-3
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Figure 8. FESEM images of Ppy/AgNPsnanocomposite

FESEM images of PPy/AgNPs
nanocomposites are spherical in shape with a
diameter in the range of 208.7-307.2 nm.
Clearly represents that the average grain size
is 46.65- 70.80 nm. The surface morphology
of PPy/pic nanocomposite was revealed by
FESEM micrographs, as shown in Fig. 9. The
FESEM images of the nanocomposite showed
a slight change in the morphology of PPy after
mixing it with pic. According to the FESEM
image, the average diameter ranges from
149.1 to 357.2 nm, and the images exhibit a
cauliflower-like ~ shape = composed  of
microspherical grains with an average size of
66.06 [46].

5/5/2025 spot pressure = WD mag det
11:40:04 AM 3.5 1.65e-3 Pa 7.1 mm 120 000 x ETD

500 nm
inspect f 50-FEI Company

Figure 9. FESEM of Ppy/ picric acid nanocomposites
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Electrochemical Sensing of Creatinine

The characterization of redox systems
is frequently conducted by cyclic voltammetry
(CV). This device can store information,
including the number of redox states and its
stability [47]. The supporting electrolyte is a
hydrochloric acid solution (0.1 M).

Fig. 10 illustrates the CVs of creatinine
(1 mg/dL) analyzed using a pure PPy film in
an acidic solution, revealing the emergence
of two pairs of current peaks
(oxidation/reduction peaks). The current
value of the oxidation peak is (3.44 pA) at
potential (-0.075 V), and the reduction peak
value is (-4.22 pA) at potential (-0.425 V).

The PPy/AgNPs composite film was
utilized for the detection of creatinine (1
mg/dL), as illustrated in Fig. 11. The CV
indicated an increase in the peak of the current
value. Anodic peak current value (122 pA) at
potential (0.120 V) and a cathodic peak
current value (-19 pA) at potential (-0.36 V).
The increased peak current resulting from the
incorporation of AgNPs into Ppy electrodes
improves their conductivity.

The produced Ppy/picric  acid
composite film was utilized for the detection
of creatinine in an acidic solution. CVs with a
variety of creatinine concentrations (0.2, 1, 5
mg/dL) are shown in Fig. 12. The CV
displayed a singular peak of current, and it can
be seen that the increase of creatinine
concentration causes an increase in peak
currents of the Ppy/picric acid electrode. The
current values (1.145, 1.876, 2.524) mA at
potential (-485, -485, -470) mV, for creatinine
(0.2,1,5) mg/dL, respectively. This is related
to the reaction of picric acid with creatinine
[48].

The produced Ppy/pic/AgNPs (250)
ppm films were utilized for the sensing of
creatinine in an acidic medium. CVs with a

variety of creatinine concentrations (0.2, 0.6,
1, 3, 5 mg/dL) are shown in Fig. 13. The CV
showed an increase in peak currents with an
increase in creatinine concentration. The
current values (oxidation, reduction) ((23.11,-
37.77), (53.65, -46.69), (73.19, -61.03), (115, -
65.81), (120.9,-56.79)) nA at potential ((0.13,-
0.092), (0.13, -0.01), (0.12,-0.082), (0.08, -
0.12), (0.02, -0.072))V for (0.2,0.6, 1, 3, 5)
mg/dL, respectively. This confirms the
improving of sensitivity of the electrode when
incorporating AgNPs with Ppy.
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Figure 10. CV of creatinine (1 mg/dL) using pure Ppy
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Figure 11. CV of creatinine using Ppy/AgNPs
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Figure 12. CV of creatinine using Ppy/picric acid
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Figure 13. CV of different concentrations of creatinine with
Ppy/pic/AgNPs (250) film

Interference study

The selectivity of the WE was tested
towards potential interferents, such as glucose,
urea, and uric acid. When using Ppy/AgNPs
electrode, the cyclic voltammograms of
glucose (1 mg/dL), Urea (1 mg/dL), and Uric
acid (1 mg/dL) in an acidic solution show the
disappearance of any peak of current
(oxidation or reduction peaks). Which
indicate that this electrode does not respond to
these materials as illustrated in Fig. 14.

100 -

current(nA)

=100 4

—— glucose
——urea
— uric acid
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10  -05 0.0 05 10
potential(V)

Figure 14. CV of glucose, urea and uric acid with Ppy/pic/AgNPs
(250) film

Table 1. The comparison performance of creatinine sensing.

Linear range Sensitivity

Electrode mM M AmM

Ref.

Glassy
carbon
macrodisc

0-10 mM 6.09 [49]

PTSPCE/

CuNPs 0.01-0.16 mM

0.2582 [50]

NPG/GCE

electrode. 0.01-2° mM

195.05 [51]

SPE
electrode 0.37-3.6 mM 16.7 [52]
Ppy/picric

; 0.044-0.22 mM
acid

1830.51 This work

Ppy/pic./
AgNPs (250)
ppm

0.0087-0.22 mM 48.82 This work

Conclusions

Creatinine can be identified in various
electrochemical biosensors. The determination
of creatinine was successfully executed using
working electrodes synthesized in various
ways. The type of electrode employed for the
detection of creatinine influences the resultant
current signals, which vary based on the
interaction of creatinine with the substance
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utilized for the manufacture of the working
electrode. The working electrode composed of
pure polypyrrole exhibits two minor current
peaks. While the working electrode
modification with AgNPs enhanced charge
transfer efficiency, resulting in amplified
analytical signals and elevated current peak
values. The working electrode synthesized
from polypyrrole and picric acid exhibited a
single current peak with a high value, but the
working  electrode  synthesized  from
polypyrrole, picric acid, and AgNPs had one
distinct current peak of varying values, which
increased with the increase of creatinine
concentration.
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