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ABSTRACT

V205/PANI nanocomposites were created using a hydrothermal method at 180 °C
and 200 °C and then coated on p-type silicon substrates for photodetectors. The 180
°C sample showed better crystallinity with smaller crystals, more evenly distributed
nanoparticles, and a more uniform surface than the 200 °C sample. FESEM and
atomic force microscopy (AFM) analyses indicated enhanced surface homogeneity,
distinct nanostructures, and improved charge-separation efficiency in the 180 °C sample.
Raman spectra suggested better structural organization, while PL measurements revealed
increased light-emission efficiency. The photodetectors were active in the 500—680
nm range, optimizing photodetection performance. The sample fabricated at 180 °C
exhibited improved results compared to the one at 200 °C, with a photoresponse of
0.14 A/W, a detectivity of 1.58 x 10?° Jones, and an external quantum efficiency (EQE)
of 55.41%. It also had a faster rise time and a steadier photoresponse, highlighting
the importance of synthesis temperature in improving the structure and function of

sc.ahmed.s.obaid.alqayssei @uoanbar.edu.iq

V205/PANI nanocomposite photodetectors.
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1 INTRODUCTION

hotodetectors are essential components in today’s

widely used optoelectronic systems and devices. They
convert incoming photons into electrical signals, enabling
applications in security, medical diagnoses, and environ-
mental monitoring [1,2]. Developing highly responsive
photodetectors that respond rapidly and remain stable over
long periods under varied operating conditions remains
challenging for practical applications. Current studies
suggest that nanostructured materials can further improve
photodetector performance; their large surface area and
tunable features are often key to this improvement [3-5].
Hybrid organic—inorganic nanostructured composites
have been developed as one of the most appropriate
approaches, combining the mechanical flexibility, pro-
cessability, and tunable optoelectronic properties of poly-

mers with the high carrier mobility, stability, and light-
absorption properties of inorganic semiconductors [6].
Vanadium pentoxide (V205) has high chemical flexibility,
alow bandgap (2.2-2.8 eV), good visible-light absorption,
and thermal stability, making it an attractive inorganic
material [7,8]. However, the poor intrinsic conductivity of
pure V205 and its slow charge-transport kinetics restrict
its independent application in high-speed photodetectors.
To overcome these obstacles, V205 has been combined
with conductive polymers such as polyaniline (PANI) to
create nanocomposites that leverage the complementary
qualities of both components. PANI is an excellent
option for hybridization because of its high electrical
conductivity, outstanding environmental stability, and
ease of synthesis [9, 10]. Under typical conditions, the
V205/PANI nanocomposite structure provides enhanced
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light-matter interaction, fewer recombination centers, and
improved carrier-transport pathways, thereby increasing
overall photodetector performance. Although signifi-
cant advancements have been made in this field, the
performance of photodetectors based on nanocomposite
technology remains adversely affected by temperature
and other environmental factors. Temperature variation
affects responsivity, detectivity, and device linearity, as
well as fundamental processes such as carrier mobility,
generation—recombination rates, trap-state dynamics, and
material morphology [11]. Thermal effects can be
both beneficial and detrimental to device performance,
depending on the material system and operational range.
This thermal response must be considered when these
nanocomposite systems are applied in practice because
they experience temperature fluctuations during operation.
A recent study reported that hybrid nanocomposites,
such as a low-temperature in situ-synthesized reduced
graphene oxide (rGO)/ZnO structure, can exhibit signifi-
cantly enhanced photodetection sensitivity. Connecticut,
which results from improved carrier transport and lower
trap-assisted recombination, particularly under different
thermal conditions [12]. These findings highlight the
importance of nanoscale material engineering in creat-
ing thermally stable, high-performance photodetectors.
Similarly, Khan et al. investigated the photodetector
capabilities of PANI/CuO nanostructures prepared via
hydrothermal methods and found that temperature is
critical in modifying their photoresponse behavior [13].
Their findings showed that moderate thermal activation
improves charge separation and transport; however, ex-
cessive heating can trigger degradation processes that
limit device performance. These observations underscore
the need to carefully manage temperature conditions
while optimizing photodetector functionality in poly-
mer—inorganic hybrid systems. Overall, the results
highlight the intricate relationship between material
stability and thermal activation that governs photodetector
performance. V205/PANI nanocomposites demonstrate
a unique amalgamation of elevated thermal stability
and improved electrical conductivity; however, the influ-
ence of temperature fluctuations on their optoelectronic
performance is still inadequately comprehended. This
work examines the temperature-dependent characteristics
of V205/PANI-based photodetectors, concentrating on
critical metrics such as responsivity, response time, and
photo gain. The objective is to achieve a deeper under-
standing of charge-transport mechanisms and to facilitate
the systematic design of advanced photodetectors with
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enhanced thermal adaptability and efficiency.

2 MATERIALS AND METHODS

2.1 Synthesis of V,0s/PANI nanocomposites

The V20O5/PANI nanocomposite was prepared via a
hydrothermal process, known for its ease of use, low cost,
and being free of hazardous chemicals or surfactants.
V,0s powder (0.125 g) and polyaniline (PANI) (0.25 g)
were dispersed in 25 mL of deionized water and briefly
ultrasonically agitated to ensure homogeneity. The result-
ing suspension was hydrothermally treated at two distinct
temperatures (180 °C and 200 °C) in a stainless-steel
autoclave lined with Teflon for six hours. The temperature
environment promoted strong interfacial contact between
V;,05 and PANI, encouraging the formation of a hybrid
nanostructure with potential charge-transfer synergy.

2.2 Fabrication of V,05/PANI photodetector

The V205/PANI nanocomposite was applied to p-
type silicon substrates to fabricate the device using a
spray-coating method. The substrates were preheated on
a hot plate set to 80-85 °C to ensure good adhesion and
a uniform coating. A spraying nozzle was positioned
35 cm above the substrate and contained 10 mL of the
V,05/PANI dispersion. Fifty spray cycles were used, with
a 5-second spray burst followed by a 25-second drying
time between cycles. This technique enabled controlled
deposition of thin films with adjustable thickness based
on spray concentration and duration. Finally, to complete
the photodetector device design, silver (Ag) electrodes
were applied by drop casting, as shown in Figure 1.

2.3 Characteristics

An X-ray diffractometer (SHIMADZU, 6000) was
used to analyze the V,Os/PANI layer using CuKea
radiation. Meanwhile, morphological examinations
were recorded using field-emission scanning electron
microscopy (Hitachi). Using an AFM, the nanoparticles’
topography, surface morphology, and particle size distri-
bution were examined (Mountains SPIP Expert 8.2.9621).
The optical behavior was studied using the FS-1401004
instrument, which measured photoluminescence within
a scanning range of 330 to 800 nm with an excitation
wavelength of 330 nm. To analyze the bonding structure,
a (SUNSHINE-V2-86) device was used to measure the
Raman spectrum. Using a Keithley 237 SMU and a
tungsten-halogen light, the current—voltage (I-V) behav-
ior was investigated in both bright and dark conditions.
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Using a monochromatic setup, the spectral response of
the artificial visible-light V,0Os5/PANI photodetector on
a silicon substrate was continuously measured over a
wide wavelength range at an illumination power of 10
mW/cm2.
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Fig. 1 Diagrammatic representation of the V205/PANI-based
photodetector device’s synthesis and manufacturing process

3 RESULTS AND DISCUSSION

3.1 Characterization of the prepared photoactive
layer

As shown in Figure 2 and Table 1, the X-ray diffraction
(XRD) patterns of thermally treated V2O5/PANI thin
films at 180 °C showed noticeable crystalline peaks at 26 =
20.12°,26.9°, and 31.1°. According to the JCPDS card no.
00-009-03877, these correspond to the (001), (110), and
(400) planes of orthorhombic V205, respectively [14].
These peaks validate the development of a stratified
crystalline structure, which is essential for anisotropic
conductivity and effective ion transport. Minor reflections
at 26 ~ 8.38° and 38.13° were ascribed to the (100) and
(401) planes of monoclinic VO2, signifying the existence
of partly reduced vanadium oxide (V4+ states) [15]. A
distinct peak at 20 = 23.16° was observed, indicative of
the semi-crystalline arrangement of PANI chains, whereas
a low-angle peak at around 9.25° signified the existence
of emeraldine salt-type PANI [16].

Significant structural alterations were detected when
the thermal treatment temperature was elevated to 200
°C. The crystallite sizes of V,0s in the (110) and (400)
planes increased from 53.04 nm to 111.58 nm and from
19.17 nm to 32.94 nm, respectively, indicating enhanced
crystallinity with increasing temperature. Simultaneously,
microstrain and defect density increased in the VO2 phase
while decreasing in V,0Os, indicating structural instability
in VO2 and improved ordering in V205. The vanishing
of the (401) peak of VO2 and the formation of a new
peak at 26 = 15.43°, attributed to the (200) plane of
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the intermediate V6013 phase, further substantiated a
temperature-induced phase transition [17]. The mixed-
valence phase (V5+/V4+) generally arises after partial
reduction or solid-state transition of V,0Os. Moreover,
shifts in the positions of V,0s peaks, namely (001) and
(110), suggested potential lattice relaxation or differences
in interlayer spacing resulting from thermal strain or
interaction with the PANI matrix [18].

2V,0, +VO, ——— 180 "(|

200°C

100
+*

Intensity(a.u)

10 20 30 40 50 80 70 ac
20 (degree)

Fig. 2 The XRD patterns of V,0s/PANI nanocomposites at
180°C and 200°C demonstrate phase and crystallinity
variations that depend on temperature

Table 1 XRD analysis determined the crystallographic
characteristics of V,05/PANI nanocomposites at 180 and
200°C.

Chemical
formula
VO,
V,05
V205
V205
VO,
VO,
VeOi3
V205
V205

Dislocation Micro strains
density(6) x1073|(nm~2) x1073
0.077 4.2

1.44 7.55

0.35 2.80

272 6.74

0.122 1.17

132 17.65

0.08 2.26

0.233 3.013

3.84

Miller|Crystalline
ndices| size(nm)
113.79
26.28
53.04
19.17
90.379
61.29
114.4
65.46
32.94

Code Sample| 26 Crystal
system

180 8.38
20.12
26.9
31.09
38.13] 0.093 | 401
82 | 0.29 100
15.43] 0.07 | 200
20.17| 0.123 | 110
31.7] 025 | 400

FWHM

0.07 100
0.307 | 001
0.154 | 110

0.43 | 400

Monoclinic
Orthorhombic
Orthorhombic
Orthorhombic

Monoclinic

Monoclinic
Orthorhombic
Orthorhombic
Orthorhombic

200

0.92

The morphological characteristics of V20O5/PANI
nanocomposites synthesized at 180 °C and 200 °C were
analyzed using FESEM, revealing a significant effect
of hydrothermal temperature on the nanostructure. Fig-
ure 3 illustrates that the sample synthesized at 180 °C
(a) displayed evenly dispersed spherical nanoparticles
within a nanofibrous PANI matrix. This configuration
provides an extensive surface area and multiple active
sites, promoting effective charge separation and transport
at the metal oxide/polymer interface. Conversely, at 200
°C (b), the images revealed increased particle growth
and significant agglomeration, attributable to accelerated
grain-growth kinetics at elevated temperatures. Although
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this may enhance interparticle interaction, it reduces the
effective surface area and may impede photodetector
performance [19]. Furthermore, the morphology of
the PANI component is significantly altered at higher
synthesis temperatures. According to earlier research,
higher temperatures result in more compact granular
or porous agglomerates, whereas lower temperatures
promote the formation of fibrous or tubular structures [20].
These structural differences directly influence the elec-
trical and optical properties of the nanocomposite, with
porous, interconnected networks under optimal thermal
conditions enhancing charge mobility and interfacial
integration with metal oxides.

Fig. 3 FESEM images of V,05/PANI nanocomposites
produced at (a) 180°C and (b) 200°C hydrothermal
temperatures at 6 hours demonstrate how temperature affects
particle aggregation and surface shape

Figure 4 shows 3D AFM images of the V2O5/PANI
nanocomposite, highlighting how hydrothermal treatment
temperature affects surface morphology. At 180 °C, the
sample displayed a relatively homogeneous surface with
evenly dispersed nanoparticles and moderate roughness,
facilitating effective photon trapping and charge produc-
tion [21]. Conversely, at 200 °C, the surface exhibited
increased roughness, notable nanostructured protrusions,
and a more intricate topology, signifying heterogeneous
material buildup that may impede charge transfer and
elevate surface recombination rates [22]. These findings
underscore the importance of temperature regulation in
optimizing nanoscale surface characteristics to improve
photodetector efficacy [23].

Figure 5 displays the Raman spectra of the thermally
produced V205/PANI nanocomposite at two distinct
temperatures, 180 °C and 200 °C. The spectra show
distinct vibrational signatures indicating structural and
chemical interactions among the composite components
at different temperatures.

© 2026 The Author(s).
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Fig. 4 AFM 3-D images and particle size histograms behavior
of V,05/PANI nanocomposites subjected to hydrothermal
treatment at 180°C and 200°C

Significant peaks are identified at 148, 308, 360,
512, 590, 695, 780, and 940 cm™!, corresponding to the
orthorhombic phase of V205. The low-frequency peaks
(<400 cm™!) relate to lattice vibrations and bending modes
of V-O-V linkages, whereas the bands between 500 and
700 cm™! are linked to in-plane vibrational modes of the
V-0 network in the layered oxide structure [24]. The
prominent band at 940 cm™! is attributed to terminal V=0
stretching vibrations, frequently regarded as a marker
of crystallinity and the presence of symmetric terminal
bonds [25].

Additional peaks at 470, 775, 870, 1200, 1262, 1321,
1502, and 1569 cm™ indicate the molecular structure
of polyaniline (PANI) in its emeraldine salt configura-
tion. Peaks in the 440—-870 cm™! range arise from C-H
vibrations and C—-N-C bending [26], whereas the bands
between 1200 and 1321 cm™! are ascribed to C-N and
C=N stretching, sometimes linked to polaronic charge
carriers [9,27]. The prominent peaks at 1480-1569
cm’! indicate C=C stretching within the aromatic rings,
reflecting the polymer oxidation state and intrachain
conductivity [28].

Comparing the spectra obtained at 180 °C and 200
°C reveals small but significant variations in peak in-
tensity and width, reflecting changes in the vibrational
environment induced by thermal processing. A slight
reduction in the intensity of the 940 cm™' (V=0) peak
is noted at 200 °C, suggesting reduced symmetry or
increased distortion of the terminal oxygen bonds due to
polymer interaction. Simultaneously, the PANI-related
peaks, especially at 1321 and 1502 cm™!, show increased
intensity and broadening at elevated temperatures, indicat-
ing greater amorphous character and thermally induced
rearrangement within the polymer chains. Furthermore,
subtle spectral alterations in the 700-800 cm™! range indi-
cate partial reduction of V5+ to V4+, presumably aided
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by the -NH- groups of PANI, suggesting the potential
development of VO2-like domains or the formation of
new V-N chemical bonds within the hybrid structure [29].
These vibrational changes indicate that increasing the
synthesis temperature modifies the composite’s internal
bonding and molecular arrangement, affecting both the
oxide framework and polymer matrix, as evidenced by
the Raman response.

200 °C
180 °C|

940
1075
1200
1262
1321

Intensity (a.u)

T T T T T
600 800 1000 1200 1400

RamansShift (cm™)

T T
o] 200 400 1600

Fig. 5 The Raman spectra of V,0Os/PANI nanocomposites
synthesized at 180°C and 200°C, showing vibrational mode
assignments and structural variations

The PL spectra of V205/PANI nanocomposites syn-
thesized at 180 °C and 200 °C reveal significant variations
in emission intensity and band positions, indicating that
the optical properties are strongly influenced by the
hydrothermal synthesis temperature. Defect states, band-
to-band transitions, and recombination kinetics of the
nanocomposites are reflected by the emission peaks.
Figure 6 shows that, at 180 °C, the spectrum exhibits
a dominant violet emission peak at 364 nm, which is
ascribed to m — & transitions in the benzenoid units
of PANI [30]. Emission peaks at 433 and 443 nm are
attributed to band-to-band transitions in V205 [31]. The
550 and 570 nm peaks in both samples correspond to
electron transitions from the valence band of V205 to
the n orbital of the emeraldine salt of PANI [32, 33].
Emission bands at 704 and 716 nm were also observed
and are associated with transitions via deep-level defect
states due to oxygen vacancies or lattice distortions
generated by extended heat treatment; these faint peaks
were observed concurrently with the removal of the dipole
excitation [34]. The stronger emission intensities at 200
°C indicate a higher density of localized states and defects,
which promotes enhanced radiative recombination. The
reduced emission intensity at 180 °C is consistent with the
FESEM and XRD data and suggests better crystallinity
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and fewer defect centers. Furthermore, the minor redshift
observed in the emission bands can be attributed to
bandgap narrowing caused by increased interfacial con-
tact and orbital overlap between PANI chains and V205
nanostructures. This electronic connection modulates
charge-carrier dynamics and can enable more efficient
charge separation, benefiting optical devices such as solar
cells and photodetectors [35].

— 200 °C
180°C

550 nm

443 nm 716 nm

570 nm

PL Intensity (a.u)

704 nm

364nm 433 nm

T T T T
400 500 600 700 800

Wavelength(nm)

Fig. 6 Illustrates the PL spectra of V,0O5/PANI
nanocomposites synthesized at 180°C and 200°C

Figure 7 depicts the I-V characteristics of V20O5/PANI
nanocomposite photodetectors subjected to heat treatment
at 180 °C and 200 °C for 6 hours. Under forward
bias (+5 V), the device treated at 180 °C exhibited a
photocurrent of 3543.4 pA and a dark current of 895.25
BA. Moreover, under reverse bias (-5 V), the photocurrent
reached 1236.4 pnA, and the dark current measured 339.1
BA. Conversely, the sample treated at 200 °C exhibited a
photocurrent of 2112.7 pA and a dark current of 570.8
BA at +5 V, and 912.9 pnA (photocurrent) compared to
207.2 pnA (dark current) at -5 V. The notable improvement
in photoresponse at 180 °C is ascribed to the formation
of a more effective internal n—p heterojunction between
V205 (n-type) and PANI (p-type), which facilitates a
stronger built-in electric field and improved separation of
photogenerated charge carriers [36]. The substantial for-
ward photocurrent (3543.4 nA) suggests elevated carrier
mobility and reduced recombination, whereas the lower
dark current (895.25 1A) indicates inhibited thermally
induced charge leakage. The higher reverse photocurrent
(1236.4 pA) further substantiates that the built-in field
facilitates carrier extraction despite the applied bias,
indicating an effective self-powered photodetector.

The decreased photocurrent in the sample treated at
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200 °C is associated with the emergence of the V6013
phase, which generates trap states inside the bandgap
owing to its mixed valence (V4+/V5+). These traps
act as recombination centers, reducing the lifetimes and
mobilities of photoexcited carriers [17]. The increased
surface roughness detected by AFM in this sample dis-
rupts the internal field homogeneity and creates carrier-
scattering sites, resulting in a significant reduction in
total photoresponse. The dark currents in both samples
were lower than their corresponding photocurrents, in-
dicating photoinduced carrier generation; nevertheless,
the elevated dark current at 200 °C implies an increase
in intrinsic defects and diminished barrier effectiveness
at the heterojunction interface. Overall, the comparative
current values indicate that the sample treated at 180 °C
demonstrates higher optoelectronic performance, charac-
terized by improved light-to-current conversion efficiency
and enhanced carrier dynamics at the heterojunction
interface.

4000
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Fig. 7 Current -voltage (I-V) characteristics of V,0s /PANI

photodetectors synthesized at 180°C and 200°C under dark
and illuminated conditions

Figure 8 displays the time-dependent photocurrent
responses of V205/PANI nanocomposite photodetectors
fabricated at 180 °C and 200 °C under multiple 10
mW/cm?2 illumination power cycles over three 10 s pulse
switching cycles at 2 bias voltages. The devices exhibit
steady, repeatable photoresponse under periodic illumina-
tion. The key statistics derived from these observations
are the rise time (trise), defined as the time required for
the current to increase from 10% to 90% of its peak value
after the light is turned on, and the decay time (7fall),
defined as the time required for the current to decrease
from 90% to 10% after the light is turned off [37].

The differences in photo-response dynamics of
V205/PANI-based photodetectors annealed at 180 °C and
200 °C are mainly due to structural and morphological
changes induced by the different annealing temperatures.

© 2026 The Author(s).
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At 180 °C, moderate thermal energy promotes partial
reorganization of polymer chains, enhances interfacial
bonding, and regulates the crystallization of V205 nanos-
tructures, thereby reducing trap densities and enabling
effective exciton dissociation. Thus, the device demon-
strates a rapid response time of 0.62 seconds and a short
recovery time of 0.59 seconds, indicating efficient charge
separation and limited recombination pathways [38,39].
Conversely, annealing at 200 °C facilitates excessive
crystal growth, partial disintegration of the PANI matrix,
and the emergence of grain boundaries and inhomoge-
neous surfaces, introducing deep trap states and electronic
disorder. These characteristics impede the transport of
photogenerated carriers, resulting in an extended response
time of 1.29 seconds. However, the recovery time remains
relatively constant at 0.58 seconds, suggesting that carrier
recombination dynamics are not markedly modified [40].

Furthermore, the higher annealing temperature of 200
°C results in increased surface roughness, an augmented
proportion of amorphous regions within the polymer
matrix, and the formation of intermediate phases such as
V6013 [41]. These structural modifications create trap
centers and scattering sites, negatively impacting carrier
mobility and delaying the device’s light responsiveness.
The consistent recovery time suggests a dynamic equilibri-
um between enhanced trapping and stable recombination
under these conditions [42]. From a quantum-physics
standpoint, these behaviors are fundamentally affected
by parameters such as exciton lifetime, carrier hopping
time, and the density of states near the band edges. Deep
trap levels and lattice disorder reduce the activation
energy for carrier release and affect transition rates
between excited and ground states, thereby regulating
the photodetector’s response and recovery characteristics.
Recent investigations confirm that mild annealing boosts
interfacial order and device performance, whereas over-
heating deteriorates heterojunction quality and increases
non-radiative losses [43,44].

Figure 9 and Table 2 show the results of a thorough
evaluation of the optical performance of V20O5/PANI
photodetectors synthesized at 180 °C and 200 °C using
photoresponsivity (R) (the ratio of a visible photode-
tector’s output photocurrent to illumination power, R
= I_Ph/P_i), specific detectivity (D*), with the relation
(Ra/~+2qIp), where 1_D is the dark current and q is the
electron charge.
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creased interfacial charge transfer between the oxide and e e 0 . o o
the polymer matrix and decreased trap states [48].

The 180 °C sample showed better detectivity, espe- m "
cially in the mid-visible range, where its D* values were C 4 ) ke
noticeably higher than those of the 200 °C sample. This
improvement is probably due to improved morphology,
enhanced interfacial coupling, and reduced dark current
at 180 °C, which lower noise levels and enable more
successful detection of weak light signals [49]. External
quantum efficiency (EQE), which reflects the fraction
of absorbed photons converted into carriers, showed a
similar pattern.

Over the entire spectrum, the 180 °C device consis-
tently showed higher EQE values, indicating that a greater : ; ; )
percentage of photons contributed to carrier generation o0 40 500 600 o0 Bog
and collection in this sample [50]. Wavalagti(am)

Wavelength{nm)
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Fig. 9 Comparative V,0Os/PANI photodetectors synthesized at
180°C and 200°C in terms of (a)Photoresponsivity,(b)
Detectivity, and (c)External Quantum Efficiency (EQE)
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Table 2 Merits comparing the performance of the V,05/PANI
heterojunction photodetector

Parameter 180°C | 200°C
Forward Light Current(uA) 3543.4 | 2112.7
Reverse Light Current (uA) 1300.4 | 912.9
Forward dark Current (uA) 895.25 | 570.8
Reverse Dark Current (uA) 339.1 | 207.2
Photoresponsivity (R) A/W 0.14 0.11

Detectivity (D) x10%Jones 158 | 1.24

External Quantum Efficiency (EQE %) | 55.41 | 41.07

The improvements observed in the 180 °C sample’s R,
D", and EQE characteristics underscore the importance
of the synthesis temperature for optimizing photodetector
performance. Specifically, at this temperature, the en-
hanced microstructure, stronger interfacial bonding, and
better polymer penetration contribute to faster carrier
dynamics and lower recombination rates, ultimately
boosting quantum efficiency and photoconductive re-
sponsiveness [51].

4 CONCLUSION

This work synthesizes V2O5/PANI nanocomposites
using a surfactant-free hydrothermal technique at 180 °C
and 200 °C. The structural, optical, morphological, and
optoelectronic characteristics were examined comprehen-
sively. V205/PANI nanocomposites produced at 180 °C
exhibited better morphological, structural, and optoelec-
tronic properties than those synthesized at 200 °C. XRD
assessment showed sharper peaks at 180 °C, indicating
greater crystallinity and lower lattice strain. FESEM
images demonstrated a more uniform dispersion of V205
within the PANI matrix. At 180 °C, PL spectroscopy
indicated reduced defect-related recombination, whereas
Raman analysis suggested stronger interactions between
polymer chains and metal oxide phases. Electrical and
photo-response experiments confirmed that the 180 °C-
based photodetector exhibited a higher photocurrent, a
faster rise time, and a slightly slower decay, indicating
efficient carrier generation and extended carrier separa-
tion. This sample achieved a responsivity of 0.14 A/W, a
detectivity of 1.58 x 10'! Jones, and an EQE of 55.41%,
indicating that 180 °C is the optimal synthesis temperature
for high-efficiency photodetection applications.
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