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Abstract: Poly-o-chloroaniline (POCA) and MnyO3/3-MnO, /POCA porous nanocomposite are both
synthesized using oxidative polymerization, with K;S,0g and KMnOy as oxidants, respectively. The
materials are characterized to confirm their optical, morphological, crystalline, chemical, and ele-
mental properties. The nanocomposite exhibits superior optical properties compared to POCA. The
promising optical characteristics make the nanocomposite an attractive candidate for light-sensing
applications. Through electrical estimation, the nanocomposite photodetector displays the highest
sensitivity between 340 and 440 nm, with Jpp, (current density) of 0.14 and 0.13 mA cm~2, corre-
spondingly, and an estimated photon number of 7.4610%! and 6.93 x 10?1 photons/s, respectively.
At 340 and 440 nm, the calculated photoresponsivity (R) values are 0.73 and 0.64 mA w1, respec-
tively, while the estimated detectivity (D) values are 1.64 x 108 and 1.45 x 108 Jones, respectively.
These promising results indicate that the fabricated photodetector can soon potentially estimate light
wavelengths and photon numbers in various industrial applications.

Keywords: nanocomposite; optoelectronic; Mny O3/ 3-MnO;; poly-o-chloroaniline

1. Introduction

Devices that are used to detect images have the ability to generate an electrical signal
under the illumination process. These devices are now widely used in our societies, in
many industries such as the automotive industry, through medical, biological, and even
military applications. These developed devices achieve outstanding performance using
these materials with low dimensions [1,2]. The principle used for the photodetector is to
work under light intensity or different wavelengths, which are produced by activating
the surface of the photodetector with light radiation, to produce a hot free electron; this
produces current values [3-5]. Light is detected for these materials by allowing photons
to stream through their active sites. Increasing the active sites has become the interest of
researchers. Therefore, nanomaterials have been produced by synthesizing active sites,
increasing surface area, and manufacturing them in different geometric shapes.

In general, broadband semiconductors composed of metal oxide or polymers have
material-friendly properties and excellent environmental sustainability [6]. This depen-
dance on metal oxide is related to the great stability and the optical response in wide spectra.

By basic criteria for UV detectors or solar blinds, narrow-range sensitivity and high
processing cost would limit their practical applications. Recently, Li et al. [7] reported solar
photodetector based on the heterocore Ga;O3/CuSCN, which gives a weak response related
to the small produced J,, value (24 x 101> mA) at 2.0 V. Moreover, various materials such
as sulfides and carbon derivatives can be applied in these applications [8,9].
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Scientists and researchers are actively working on developing conducting polymers
with optical applications to be utilized in advanced devices like solar cells and optoelectron-
ics. These materials possess unique properties such as long chains and high compactness,
coupled with the added advantage of conductivity. The combination of these features
makes them highly desirable for integration into cutting-edge technological devices.

One of the key advantages of using conducting polymers is their cost-effectiveness.
These materials can be produced at a relatively low cost compared to traditional inorganic
semiconductors. Additionally, their high correlation rate with the desired optical and
electrical properties enhances their applicability in various devices.

However, a significant challenge lies in ensuring that the efficiency of these materials
matches the requirements of the new technology employed in these devices. The conduct-
ing polymers need to demonstrate high performance and compatibility with the specific
demands of solar cells and optoelectronics. Researchers are working towards optimizing
the synthesis methods and material properties to achieve the desired efficiency levels, while
also addressing issues such as stability, scalability, and long-term performance.

By overcoming these challenges and further improving the efficiency of conducting
polymers, scientists aim to enhance the capabilities of highly sensitive devices, ultimately
leading to advancements in renewable energy generation, efficient lighting, and other
optical applications.

Metal oxide with polymer composite has additional light-sensing properties that
are suitable for commercial photodetectors, designed due to their high mobility and ef-
ficient responses, which are better than ohmic contact photodetectors, and conductive
photodetectors are preferred for their fast response [10,11]. But there is a trade-off between
device response and response speed under the influence of surface defects and carrier drift
dynamics [12-14].

Aniline and its derivatives, including o-chloroaniline, benzodithiophene/fluorine, or
triphenylamine, have demonstrated excellent response to light radiation when applied
intraretinally [15], in additional to their electrical behavior [16,17]. Theoretical studies of
aniline derivatives have shown that the resulting compounds possess favorable optical
properties and respond well to light. Experimental studies have also confirmed this
behavior with a measured J,, of 0.001 mA.

To enhance the optoelectronic properties of aniline-based materials, scientists employ
various strategies. One approach is to prepare the polymer with highly desirable mor-
phological properties that facilitate efficient light absorption. By controlling the structure
and organization of the polymer chains, researchers can optimize the material’s ability to
absorb light. Another method involves coating the polymer with additional metal oxide
materials that possess it. This composite structure combines the unique properties of the
aniline polymer with the enhanced light absorption capabilities of the metal oxide. The
coating helps to overcome the limitations of pure polymers and improves their overall
optical behavior.

Moreover, scientists aim to utilize these cost-effective materials in highly technological
devices while achieving comparable efficiency to that of inorganic materials. In some
cases, these polymer composites can even surpass the performance of novel materials
like graphene or silicon. The advantage of aniline-based materials lies in their low-cost
production, ease of processing, and tunability of their properties. By optimizing their optical
behavior and tailoring their structure, scientists can harness the benefits of these materials
for a wide range of optoelectronic applications, such as sensors and photodetectors. This
research contributes to the ongoing advancement of cost-effective and efficient materials
for high-tech devices [18].

By achieving a very fine thin film behavior in polymer composites, scientists can
unlock additional advantages that have the potential to surpass the properties of existing
materials. When the polymer composite is confined to a fine structure, such as a thin film
or layered arrangement, it exhibits unique properties that can overcome the limitations of
conventional materials.
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This behavior of the polymer composite provides enhanced control over its electronic
and optical properties. This leads to improved charge transport, increased mobility, and
efficient light absorption and emission. The superior control and performance offered by
this fine particle behavior can surpass the capabilities of recent materials like graphene
and silicon.

Furthermore, the nature of the polymer composite results in desirable characteristics
such as mechanical flexibility, transparency, and tunability. These properties make it
suitable for various applications including flexible electronics, wearable devices, and
transparent displays, in which the polymer composite adds to its potential for overcoming
the limitations of current materials.

Scientists and researchers are actively working to harness the advantages of thin film
behavior to develop advanced materials that outperform existing ones in terms of perfor-
mance, cost-effectiveness, and versatility. Ongoing advancements in this field have the
potential to revolutionize various technological industries and pave the way for innovative
applications in the future [19-21].

In this study, POCA and Mn;0O3/3-MnO, /POCA nanocomposite thin film is synthe-
sized using oxidative polymerization with K,5,0g and KMnOy as oxidants. The nanocom-
posite shows high optical properties for light sensing by monitoring the wavelengths
through the optical absorption curve. Electroanalytical estimation is used to determine the
photon numbers by testing the nanocomposite photodetector under various wavelengths
till 730 nm. The R, linear dynamic range (LDR), and D values are also determined for the
photodetector, which suggests its potential application in a wide range of optical technolog-
ical devices in the near future. The Mny O3/ 3-MnO, /POCA nanocomposite photodetector
demonstrates its ability to accurately quantify the number of photons by measuring the pho-
togenerated electrons under various monochromatic lights. This measurement is achieved
with minimal noise, as evidenced by the low values of Jo/Jph percentage, further validating
its reliable performance in photon detection.

2. Experimental Section
2.1. Materials

O-chloroaniline (99.2%) was obtained from Merk, Germany. Pio-Chem Co. (Giza,
Egypt) supported us with K,5,05 (99.5%). Moreover, El-Nasr company (Cairo, Egypt)
supported us with KMnOy (99.8%). HCl (36%) was obtained from Winlab Co., Watford, UK.

2.2. MnyO3/B-MnO,/POCA Nanocomposite Preparation

The Mn, O3/ 3-MnO, /POCA nanocomposite is prepared through the polymerization
of o-chloroaniline by KMnQOy as both an oxidizing and doping agent. The oxidation
reaction enables the incorporation of Mn compounds into the polymer with oxidation state
of Mn (II) or Mn (IV). The process is carried out in a 0.7 M HCl solution that serves as both
a solvent and an acid medium. The resulting precipitate, which is brownish-green in color,
is then collected and subjected to further treatment; Figure 1.

0.15 M KMnO,

@
0.12 M O-Chloroaniline
0.7 M HcI .

(50 ml) Mn,0/p-MnO,/POCA nanocomposite

Figure 1. Schematic diagram of the preparation of Mn,O3/3-MnO, /POCA nanocomposite.




Processes 2023, 11, 2375

40f13

2.3. Characterization Tools

The elemental and compositional analysis of the nanocomposite is performed using
various characterization techniques, including FTIR, XPS, and XRD, using instruments such
as Jasco model 340, Kratos Analytical, Manchester, UK; and PANalytical Pro. Additionally,
the topography and morphological properties of the materials are estimated using SEM
and TEM, which are carried out using ZEISS and JEOL instruments, respectively.

2.4. The Electroanalytical Measurements

The electroanalytical study involves the use of the Mn,O3/3-MnO, /POCA film to
estimate the number of photons using a photodetector. The film is covered on one side with
Ag paste. The optical response of the photodetector enables it to sense light and estimate
the number of photons under various wavelengths: 340-730 nm. The CHI608E is used to
perform this electrical study under a halide lamp. The study enables the calculation of the
R and D efficiency behavior of the photodetector.

3. Results and Discussion
3.1. Analyses

Based on the XRD pattern presented in Figure 2a, the elemental and chemical com-
position of the prepared MnyO3/3-MnO, /POCA sample can be inferred. The crystalline
peaks observed at 32.3°, 34.17°, and 35.9° indicate the presence of Mn,0O3 in the sam-
ple. These peaks correspond to the (310), (222), and (123) growth directions of Mn;0Os,
respectively [22].

(a) P2CA (b) POCA
Mn,O,/B-MnO,/P2CA Mn,O,/B-MnO,/POCA
= * B-MnO, E
3 A Mn,O, o :
> + Mn(OH), | S~
) = =
[ S 55~
2 S =]
= A
10 20 320T r?ot 5% 60 70 80 750 1500 2250 3000 3750
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T T T (o] 0.00' T T T
400 600 800 1000 1.4 1.6 1.8
Wavelength (nm) hv (eV)

Figure 2. (a—d) shows XRD pattern, FTIR spectroscopy, optical behavior, and bandgap of Mn,O3/ 3-
MnO, /POCA nanocomposite, correspondingly.
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Additionally, the XRD pattern shows the presence of 3-MnO; in the sample, as
evidenced by the crystalline peaks observed at 43.9°, 49.2°, 56.6°, and 59.6°. These peaks
correspond to the (111), (210), (211), and (220) growth directions of 3-MnO; and are
consistent with the JCPDS 24-0735 reference [22].

The POCA material of the sample is not directly detected by XRD analysis, as it does
not produce characteristic peaks in the XRD pattern.

In addition to the Mn;O3 and 3-MnO; peaks, the XRD pattern also shows two peaks at
39.6° and 54.1°, which can be attributed to Mn(OH); in the sample. These peaks correspond
to the (002) and (110) growth directions of Mn(OH),, correspondingly.

Regarding the POCA material, the XRD pattern indicates a broad peak, which is char-
acteristic of an amorphous structure. After the formation of the Mn;O3/3-MnO, /POCA
composite, there is no enhancement in the crystalline structure of POCA, indicating that it
remains in an amorphous state. This is a common occurrence in many polymeric materi-
als [19]. However, its presence can be inferred from other analysis techniques, such as FTIR
spectroscopy.

It should be noted that in this composite, the POCA component is primarily used as a
container for the Mn oxides and does not contribute significantly to the crystalline structure
of the composite.

The black curve in Figure 2b describes the chemical structure of POCA, which has
been verified through FTIR analyses. The band at 3225 cm ™! matches the N-H group in
the polymer. The two bands at 1567 and 1492 cm ™! match the C-C and C=C structure,
respectively [17]. The C-N vibration group is identified through the band at 1282 cm ™!,
while the out-of-plan C-H group is represented by two bands at 1089 and 822 cm~!. Finally,
the insertion of C1~ through the N-H group is confirmed through the band at 699 cm .

The red curve in Figure 2b demonstrates the FTIR of the Mn;O3/3-MnO,/POCA
nanocomposite, which exhibits the same bands as the POCA polymer, but with additional
shifts towards the red side in most of the bands. This shift is an indication that the
composite has formed and that MnyO3/3-MnO, has attached to the polymer materials [19].
Additionally, there is a greater intensity in the band at 3401 cm~!, which is evidence of the
formation of OH™ groups within the composite.

The optical characteristics of POCA and MnyO3/3-MnO, /POCA are illustrated in
Figure 2c,d, correspondingly. The absorption spectra of both the polymer and the com-
posite exhibit strong absorbance in the UV and Vis spectra ranging from 250 to 630 nm.
Although POCA displays a wide absorption band, the incorporation of Mn,O3/3-MnO,
enhances the absorbance intensity in these regions, resulting in a composite with greater
optical absorbance. This observation is further confirmed by the bandgap analysis, with
the MnyO3/3-MnO, /POCA composite displaying a promising bandgap of 1.65 eV. The
bandgap is determined using Equations (1) and (2), where Equation (1) involves «, which is
calculated using the absorbance (A) and the material density (d). Equation (2) incorporates
additional constants such as the Planck constant (h) and the frequency (v).

x = (2'303)A D

1/2

ohv = A(hv—Eg) )

SEM images of POCA and the Mn;O3/3-MnO, /POCA nanocomposite, shown in
Figure 3a,b, respectively, reveal significant differences in morphology before and after
the composite formation. The POCA polymer appears fibrous, while the Mn,O3/f3-
MnQO,/POCA nanocomposite has a porous structure and a polyhedral shape with an
average length of 150 nm; this reflects the effect of insertion of Mn,O3/3-MnO, into the
polymer matrix to enhance the polyhedron’s behavior.
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Figure 3. (a) SEM of POCA. SEM (b), TEM (c), and (d) theoretical simulated of Mn,O3/3-
MnO, /POCA nanocomposite.

The TEM image in Figure 3c shows that the Mn, 03/ 3-MnO, /POCA nanocomposite
has a porous and polyhedral structure, where the dark color represents the Mn;O3/ f3-
MnO; particles that have penetrated into the grey-colored POCA. Additionally, Figure 3d
confirms the polyhedral structure of the MnyO3/-MnO,/POCA composite using the
Gwydion program to simulate material roughness. The simulation was based on a particle
size of 0.4 x 0.45 um, which clearly shows the polyhedron structure.

The XPS data (Figure 4a—f) reveal the valency state and elemental composition of the
MnyO3/ 3-MnO, /POCA nanocomposite. The survey in Figure 4a shows the presence of
N, O, C], C, and Mn elements with high accuracy. Figure 4b indicates a dual-oxidation
state of Mn (+3 and +2) for Mn 2P3, and 2Py /, at 643 and 654 eV, correspondingly, with an
energy gap of 11 eV. The O 1s in Figure 4c appears at 533.1 eV, related to chemical bonds
with Mn oxides. The C elements at 286 eV in Figure 4d relate to C=C, C-N, C-Cl, and C-C
groups inside the POCA, while Figure 4e shows N 1s at 401 eV related to N in the POCA,
and Figure 4f reveals Cl 1p at 201 eV for the same polymer compound. The XPS position
of these elements confirms the formation and chemical connections of Mn,O3/3-MnO,
inside the POCA composite.
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Figure 4. The XPS spectra (0.83 nm) of (a) Mn,O3/3-MnO, /POCA survey, (b) Mn, (c) O, (d) C, (e) N,
and (f) Cl elements spectra.

3.2. Electrical Study

The sensitivity of the Mny O3/ 3-MnO, /POCA nanocomposite photodetector to light
radiation was evaluated by measuring its electrical properties using a CHI608E instrument
in applied bias voltage from —2.0 to +2.0 V. When the nanocomposite film was exposed to
light radiation, the semiconductor Mn oxides with the POCA absorbed the photons and
split the external energy levels, resulting in a bandgap of 1.65 eV. This bandgap is smaller
than the energy of photons in the visible region (1.95-3.26 eV), which means that the energy
from the light is sufficient to split the levels and transfer electrons to the outer levels. This
process occurs in two steps: the first is the generation of photocarriers, and the second
is the transfer of these carriers to the outer level to produce hot electrons. The density of
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these hot electrons can be represented by the J,, value produced by the device. Figure 5
shows the J,, value and the dark current (Jo, black curve) of the nanocomposite film. The
Jon value represents the photocurrent that is greater than J,, and its value is 0.15 mA/ cm?,
while the dark current is3.0 A /cm?. The lamp used for the measurements has an intensity
of 100 mW/cm?, and the photon number is 8.0 x 10?! photons/s, using Equation (3). The
Jph value of 0.15 mA/ cm? was generated by this number of photons, as shown in Figure 6.

NAP/hc 3)
| Dark
. —— Light
N 0.1
=
(_). i
<C
c 0.0
S ]
O
L
-0.1 4
2 -1 0 1 2

Potential (V)

Figure 5. The electrical behavior of Mn;O3/3-MnO, /POCA nanocomposite photodetector through
the photocurrent (Jpp,) and dark current (J,) generation.
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Figure 6. (a) The response of MnyO3/3-MnO, /POCA nanocomposite photodetector and (b) the
produced photogenerated ], equivalent to the used photons under various monochromatic lights
(340-730 nm).

The sensitivity of the Mn;O3/3-MnO,/POCA nanocomposite photodetector can
be determined by measuring its response to various monochromatic lights. Figure 6a
shows that the photodetector has different levels of photocurrent production depending
on the incidence wavelengths, indicating its varying sensitivity across the optical region.
The highest sensitivity is observed between 340 and 440 nm, with J,, values of 0.14 and

0.13 mA cm~2, correspondingly. According to Equation (3), the estimated photon number
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is 7.46 x 102! and 6.93 x 10! photon/s, respectively. The photodetector also produces a
decent photocurrent in the mid-visible (540 nm) or IR (730 nm) regions, with J,, values
of 0.07 and 0.06 mA cm~2, respectively. This suggests that the number of produced pho-
tons is 3.96 x 10?! and 3.2010?! photon/s, respectively. Figure 6b depicts the relationship
between various wavelengths, and the produced J,, indicates the estimated photon num-
ber associated with these wavelengths. This confirms that the Mn, O3/ 3-MnO, /POCA
nanocomposite photodetector can electroanalytically estimate the number of photons
through the photogenerated electrons produced under various monochromatic lights.

The Mn, 03/ 3-MnO, /POCA nanocomposite photodetector efficiency evaluated under
consideration exhibits favorable values for the evaluation of the three key parameters:
D, LDR, and R. These characteristics, combined with low noise levels, indicate that the
photodetector holds great promise for electroanalytical photon sensing across a wide range
of high-tech applications. The R value is a crucial factor that measures the ability of this
optical device to convert light into an electrical signal. The higher the responsivity value,
the more efficient the device is at converting photons into usable electrical current. The
promising values of responsivity in the photodetector indicate that it can effectively capture
and convert light signals, making it suitable for photon sensing applications. The LDR
signifies the sensitivity of the photodetector in distinguishing between light and dark
conditions. A high LDR indicates that the device has a significant change in electrical
resistance when exposed to light, enabling it to discern even small variations in light
intensity. The favorable LDR value suggests that the photodetector can detect subtle
changes in light levels, making it well-suited for precise photon sensing.

The D value combines responsivity, noise, and bandwidth considerations to provide
an overall measure of the photodetector’s sensitivity. A higher detectivity value indicates
improved sensitivity in detecting weak light signals against a background noise level.
The promising detectivity value of the photodetector highlights its ability to detect even
low-intensity light signals accurately and reliably.

In addition to the parameters, the low noise exhibited by the photodetector is another
positive aspect. Low noise levels imply that the device produces minimal unwanted
electrical signals or disturbances, allowing for accurate and reliable detection of light
signals. This characteristic is crucial for precise measurements and sensing applications.

The photoresponsivity of the Mn; O3/ 3-MnO, /POCA nanocomposite photodetector
is evaluated by calculating the R value (photocurrent to incident power density). The
surface area of the photodetector is denoted by S, as shown in Figure 7a. The R values
exhibit the same trend as the photocurrent and the generated hot electrons, with the highest
values observed at 340 and 440 nm, where R equals 0.73 and 0.64 mA W~!, respectively.
The R values decrease to 0.38 and 0.37 mA W~ at 540 and 730 nm, respectively. Despite the
decrease in the R values in the mid-vis and IR regions, the values are still significant, indi-
cating the photoresponsivity of the Mn,O3/3-MnO, /POCA nanocomposite photodetector
in these regions. This result confirms the broad optical sensitivity of the photodetector.

. Jph - ]d
R= P.S

The linear dynamic range (LDR) [23,24] of the Mn, O3/ 3-MnO, /POCA nanocompos-
ite photodetector can be calculated using Equation (5). The LDR at 340 nm was evaluated
to be 77, indicating a high sensitivity of the photodetector for detecting photons.

4)

LDR = 20-log (I§h )

D=R./S/2e], (6)

Noise radition =],/ Jph ()

©)
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The sensitivity of the MnyO3/3-MnO, /POCA nanocomposite photodetector can be
quantified by the D value, which is related to the R value. The D value, which represents
the photodetector efficiency to the light radiation, can be estimated using the electron
charge (e) and the generated electrons on the photodetector surface. The D values for
the photodetector under a range of monochromatic lights are shown in Figure 7b and
calculated using Equation (6) [25,26]. At wavelengths of 340 and 440 nm, the D values are
1.64 x 108 and 1.45 x 10® Jones, respectively. The low values of noise, represented as the
percentage of Jo/Jpn, suggest that the photodetector has negligible noise. The good values
of R, LDR, and D, along with the low noise, indicate that this photodetector has promising
potential for electroanalytical photon sensing in various high-tech applications.

(a) (b) 2.0
0.7 4 —
oy N 8 .|~
! i
= 061 S i 9
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£ o5 S
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Figure 7. The efficiency of the fabricated MnyO3/-MnO, /POCA nanocomposite photodetector
through estimation of (a) R and (b) D values.

Collectively, the favorable values of responsivity, light-to-dark resistance ratio, detec-
tivity, and low noise in the photodetector indicate its promising potential for electroana-
lytical photon sensing in various high-tech applications. These applications may include
areas such as biomedical diagnostics, environmental monitoring, telecommunications,
and optical data communications, where reliable and sensitive detection of light signals
is crucial. With its impressive performance parameters, this photodetector offers a valu-
able tool for advancing photon-sensing technologies and contributing to advancements in
high-tech industries.

Table 1 confirms the superiority of the produced value for the Mn, O3/ 3-MnO, /POCA
nanocomposite photodetector compared to the other previous studies. Based on Equation (7),
the noise is related to the ratio of J, (dark current) to J,, (photocurrent). When the value of
Jo is negligible, such as in the case of 3 A, the noise is calculated to be 1.5%. This indicates
that the noise contribution is limited and relatively ineffective.

Table 1. The efficiency of the fabricated Mn;O3/3-MnO,/POCA nanocomposite photodetector
through estimation of R in compared to the other work.

Electrode A (nm) Bais (V) R mAW-1)
CuO/Si Nanowire [27] 405 0.2 3.8 x 1073
Graphene/GaN [28] 365 7 3x 1073
TiO,-PANI [29] 320 0 3x1073

GO/Cu,0 [30] 300 2 05 x 1073
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Table 1. Cont.

Electrode A (nm) Bais (V) R mAW-1)
Graphene/P3HT [31] 325 1 NA
ZnO/Cu,0 [32] 350 2 4x1073
ZnO-CuO [33] 405 1 3x1073
Pbl,-graphene [34] 550 2 NA
Pbl,-5%Ag [35] 532 6 NA

CuO nanowires [36] 390 5 -
TiN/TiO, [37] 550 5 -

ZnO /RGO [38] 350 5 1.3 x 1073
Se/TiO, [39] 450 1 5x 1073
ZnO /RGO [38] 350 5 13 x 1073
Mn,03/3-MnO, /POCA (this work) 440 2 0.73

4. Conclusions

A polyhedron-shaped Mn;O3/3-MnO, /POCA nanocomposite with excellent mor-
phological and optical properties has been synthesized through doping polymerization.
This nanocomposite exhibits a high absorption value, which is indicative of a good bandgap
of 1.65 eV. Due to these optical and morphological properties, the nanocomposite can detect
light in a broad optical range. The highest sensitivity is observed between 340 and 440 nm,
with J,, values of 0.14 and 0.13 mA cm 2, respectively, and estimated photon numbers
of 7.46 x 102! and 6.93 x 102! photons/s, correspondingly. At 340 and 440 nm, the cal-
culated R values are 0.73 and 0.64 mA W~!, respectively, while the estimated D values
are 1.64 x 108 and 1.45 x 108 Jones, respectively. This demonstrates that the Mn,O3 /-
MnO, /POCA nanocomposite photodetector is capable of electrochemically quantifying the
number of photons by measuring the photogenerated electrons generated under different
monochromatic lights, under the estimated minimal (negligible) noise, as indicated by the
low values of Jo/Jpn percentage. This promising behavior suggests that the fabricated pho-
todetector has potential applications in estimating light wavelengths and photon numbers
in various industrial settings in the near future.
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