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Abstract: The hole transport layers are critical components of organic conductor-based devices. The metal
nanoparticles (NPs) are excellent materials for this purpose. This paper describes the preparation of silver nanoparticles
(Ag NPs) using a laser method, which were then mixed with the organic polymer poly(3-hexylthiophene) (P3HT) at
different concentrations (0.1, 0.3, and 0.4 wt%). The structural morphology, structure, and optical properties of the
new nanocomposite were examined using X-ray diffraction (XRD), field emission scanning electron microscopy
(FESEM), atomic force microscopy (AFM), and UV-Vis spectroscopy. The XRD data showed that the created Ag NPs
have a crystal structure, with the strongest peaks seen at angles of 38.1°, 44.3°, 64.4°, and 77.4°. The FESEM and
AFM tests showed that having more Ag NPs makes the surface rougher and helps spread the nanoparticles better,
where the surface roughness increased from 2.04 to 2.46 nm, the mean roughness of the film (Ra) changed from 1.55
to 1.81 nm, and the maximum height of the film (Rmax) ranged from 22.34 to 25.38 nm. The UV-Vis spectroscopy
results showed that the material absorbed lighter due to the localized surface plasmon resonance (LSPR) effect, which
caused the absorption peaks to move to shorter wavelengths and lowered the optical energy gap from 2.1 eV for pure
P3HT to 2 eV with a 0.3 wt% concentration of AgNPs. P3HT nanocomposites with Ag nanoparticles have better
structure and optical properties, which make them ideal for organic solar cells and other electronic applications.
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1. Introduction

Organic semiconductors are the most significant category among optoelectronic devices because of their
cost-effectiveness, flexibility, and lightweight characteristics [1,2]. The poly (3-hexylthiophene) (P3HT) is
the most studied type of conjugated polymer because it can carry electric charge well, stable in different
conditions, and can be processed in solution. There are many various applications of these organic polymers,
including organic light-emitting diodes (OLEDs), organic solar cells (OSCs), and organic field-effect
transistors (OFETs), which have seen extensive utilization [3-5]. P3HT has many advantages, but it is
limited because it doesn't absorb much visible light and has average charge carrier mobility [6,7]. To solve
these problems, many studies have looked at creating conjugated polymers that include metal nanoparticles
(NPs) in the electronic polymer [8]. Metallic Nanoparticles (NPs), especially silver nanoparticles (AgNPs)
are of great interest because they have a special effect called localized surface plasmon resonance (LSPR),
which improves light absorption and helps move electric charges more easily [9]. The incorporation of
AgNPs into P3HT substantially improve the structural, morphological, electrical, and optical properties of
the polymer matrix, thereby enhancing device performance. Mustafa and Abdullah (2019) demonstrated
that the incorporation of metal nanoparticles into P3HT enhances light absorption and facilitates improved
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charge mobility. They studied the effect of P3HT with Al, Ag, and Cu as metallic nanoparticle hybrids. They
used laser ablation in liquid (LAL) to synthesize the nanoparticles, and the morphological and structural
analysis proved the interaction between P3HT and these nanoparticles [10].

Gan et al. (2025) they demonstrated that employing P3HT in conjunction with silver nanostructures,
which increase light, significantly amplified both Raman and fluorescence signals. This phenomenon occurs
when light energizes charges in P3HT, which subsequently move to the silver, enhancing the
electromagnetic field and amplifying the intensity of both Raman and fluorescence signals [11]. Many of
these studies depend on chemical synthesis methods for AgNPs because of their low cost and high
efficiency, but these methods suffer from potentially introducing impurities and impacting reproducibility.
Despite chemical approaches, laser ablation in liquid (LAL) generates Ag NPs of higher purity, where no
capping or stabilizing compounds are required, rendering it an environmentally sustainable method since it
gives precise control over NP size and distribution. Due to these features, this method has garnered
significant attention for synthesizing nanomaterials [13-15].

Even though LAL-synthesized Ag NPs have many advantages, they haven't been studied much for
use in P3HT-based nanomaterials, particularly in chloroform. Consequently, we select the LAL approach,
which involves performing laser ablation directly in chloroform (the solvent for dissolving P3HT), resulting
in the rapid and uniform dispersion of AgNPs, thereby decreasing agglomeration and enhancing
homogeneous incorporation with the polymer. This study aims to employ laser ablation to synthesize Ag
NPs for various concentrations (0.1, 0.3, and 0.4 wt%) on the structural, morphological, and optical
properties of P3HT's. The motivation of the work, depending on the LAL features, is to utilizing the
localized surface plasmon resonance (LSPR) effect of Ag NPs to enhanced light absorption and charge
transport in P3HT. By using LAL to make Ag NPs directly in chloroform, we want to improve how well the
nanoparticles mix with the polymer and boost the performance of P3HT-based optoelectronic materials.

2. Experimental Parts

2.1. Materials

P3HT, which has a molecular weight of 28000, was used along with schematic 1, and glasses covered with
indium tin oxide (ITO) that have a sheet resistance of 12 /sq, supplied by OSSILA Chemical Co. Silver
plates with a thickness of 1 mm and a purity of 98.2% were supplied from the local market. Chloroform
(CHCls) with high purity was used as a solvent, which was also provided by OSSILA Chemical Co.
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Schematic 1: Poly (3-hexylthiophene) (P3HT).

2.2. Characteristics Technique

Field-effect scanning electron microscopic (FESEM) data were recorded using a Model (Inspect S50). The
samples were characterized using AFM to study the topography (Nanosurf Easyscan 2, Switzerland). The
X-ray diffraction (XRD) pattern of the prepared AgNPs sample, which was dried in the hot air oven, was
recorded at a Model DX-2700BH using CuKa radiation with wavelength = 1.5406 A. The UV-vis
spectroscopy (U-2800, Hitachi double beam, Japan) was used to analyze the prepared samples. The lambda
max was measured within the range between 200 and 1100 nm.
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2.3. Synthesis of P3HT/Ag NPs Nanocomposites

To dissolve P3HT (20mg), it was added to 1 mL of chloroform, stirred with a magnetic stirrer for 1 h at
60°C, and then put in an ultrasonicator bath for 30 minutes for good polymer stability. First, the silver plate
was cleaned with ethanol to remove any contamination. It was added to the peaker (50 ml) containing 20
ml of chloroform, which was used to achieve the affinity with the polymer. To prepare the AgNPs, Q-
switched Nd:YAG operating at 1064 nm, and 6 Hz frequency with a energy of 1000 mJ per pulse and a
positive lens with a focal lengthof 110mm, which was employed as an ablation source. for 200 shoots was
used, Figure.1 shows the laser ablation device. The effective spot size of the laser beam on the metal plate's
surface was adjusted between 2.37 mm and 0.4 mm in diameter to enhance the laser fluence. The liquid
thickness was adjusted from 2 mm to 14 mm to enhance the shock wave. The liquid thickness is modified
by employing various cell dimensions. The quantity of laser blasts administered to the metal target varied

from 10 to 80 pulses.
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Figure 1: The experimental setup of the preparation of AgNPs by laser device [16].

Fig. 2. The AgNPs that were created were added to a P3HT solution in different amounts (0.1, 0.3, and 0.4
wt%) and mixed for 2 hours at 60°C. They were then placed in an ultrasonic bath for 1 hour. After that, they
were applied to ITO substrates using spin coating and heated at 120°C for 10 minutes.
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Figure 2: The prepared samples of a) pure P3HT, b) 0.1, ¢)0.3, and d) 0.4 wt% Ag NPs.
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3. Results and Discussion

The XRD pattern, Fig. 3, shows the crystalline nature of the prepared AgNPs using the laser ablation
technique. The important peaks at 20 values (38.1°, 44.3°, 64.4°, and 77.4°) match the (111), (200), (220),
and (311) planes in a face-centred cubic (fcc) silver crystal, according to JCPDS Card No. 04-0783. These
results agree with the literature [4,5]. At the same time, the other 20 values (22.9°, 26.5°, 30.5°, 47°, and
54.3°) may be due to the silver oxide phases (e.g., Ag20 or AgO) according to the JCPDS No. 41-1104. By
using Scherrer equation from the XRD pattern, the mean particle diameter for the Ag NPs can be calculated
as follows:

KA
D= B sind (1)

where A is the X-ray wavelength, k is the shape constant, Brepresents the full width of the diffraction band
(FWHM) for Bragg angle, and 0 is the Bragg diffraction angle, respectively. The average crystallite size for
Ag NPs was found to be 8 nm. These results satisfy with Rahmah et al. [17] and Kagus et al. [18].
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Figure 3: XRD of Ag NPs sample.

To study the morphological structure, only two concentrations of Ag NPs were chosen (0.1 and 0.4 wt%),
as shown in Fig. 4a and b. The images show a high tendency for NP agglomeration, especially for higher
concentrations. This behavior may be due to the high surface energy of Ag NPs, which makes them
aggregate to minimize energy. Also, the preparation method (LAL) doesn't need any surfactants or
stabilizers that assist in reducing the aggregation. The uniform size distribution in the P3HT matrix is less
broad and broader due to the NPs' agglomeration tendency. This distribution indicates that metallic
nanoparticles have a hard time spreading out in the polymer matrix and easily group together into clusters.
At 0.1 wt%, the particles tend to clump together, leading to a smaller and less even size range of P3HT, with
an average size of about 35 nm. When the concentration of Ag NPs is increased to 0.4 wt%, the silver
nanoparticles become more noticeable and spread out better in the polymer matrix, leading to average sizes
of about 95 nm. The particle scale distribution illustrates this behaviour in Figure 4. The literature [19,20]
reports similar FESEM images of P3HT: Ag NPs. This image shows bright spots on the surface of Ag NPs
because of their high atomic number, while the other area appears smooth and darker, indicating the
presence of organic P3HT [21].
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Figure 4: FESEM images and histogram of the particle size distribution of nanoparticles of P3HT (a) with 0.1, and
(b) 0.4 wt % Ag NPs.

We appreciate the reviewer for his recommendation. In addition, we extended the discussion to the effects
of surface morphology on optical properties, and Figure Sa-b presents 3D AFM plots. The 3D AFM images
clearly evidenced that the two parts of the nanostructured P3HT/AgNPs films (Figs. 5a,b), indicating that
the plainness of surface for 0. % is fair, and the grain is somewhat spread on the composite surface. With
the higher concentration of Ag NPs, the surface roughness is increasing that can result higher probability of
agglomeration in the polymer matrix [22,23]. The obtained data indicated that the size of the surface
asperities of the film increased from 2.04 to 2.46 nm (Ra) and 1.55-1.81 nm and 22.34-25.38 nm (Ra and
Rmax, respectively) of the film, respectively. The enhanced surface roughness may cause enhanced light
scattering and absorption which are favourable for the higher generation of excitons.
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Figure 5: AFM images of P3HT (a) 0.1 wt% AgNPs, and (b) 0.4 wt% AgNPs.
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The incorporation of plasmonic NPs into P3HT is an emerging approach to enhancing the optical absorption
of polymer matrix. The optical properties of both pure P3HT and nanocomposites of P3HT and AgNPs were
examined by the use of UV-Vis spectroscopy. Fig. 6 displays the samples' ultraviolet-visible absorption
spectra; as part of the nanoparticle analysis, this included evaluating their absorbance spectra across the
wavelength range of 290-600 nm.

Figure 6 indicates the intensity increases with increasing Ag NPs concentration in the
nanocomposites, showing that the light absorption improves because of the effects of localized surface
plasmon resonance (LSPR). The LSPR of the Ag NPs may couple with the absorption coefficient peak of
the P3HT matrix in this case. The increase in the absorption coefficient may be attributed to enhanced light
trapping resulting from the incorporation of metallic nanoparticles. The observed increment may also be
attributed to the local electrical field enhancement generated by the plasmonic nanoparticles within the
polymer matrix [24]. The UV-visible spectrum of the P3HT film showed two peaks at 404 nm and 452 nm,
caused by the movement of electrons in the organized structure of the P3HT polymer chains. All exhibited
spectra showed a sharp peak near 270-280 nm. This spike might be due to changes in the electrons of the
aromatic system or a special effect from AgNPs, which becomes more obvious when there is more Ag. As
the concentration of AgNPs increases, the absorption peaks shift to shorter wavelengths, indicating that the
electronic structure of P3HT changes because of its interaction or clumping together [25].

Using Beer-Lambert's law: (o = 2.303A/d), where A is the absorbance, the absorption coefficient,
a, was calculated. Fig. 6 shows the absorption coefficient spectra of the P3HT and P3HT/AgNPs
nanocomposites. All samples showed a low absorption in the visible and NIR regions. In the UV range, high
absorbance was detected, which is due to the melanin's wide band gap properties [11,12]. In organic
semiconductors, the band-gap energy Eg relates to two electron movements: from HOMO (highest occupied
molecular orbital) to LUMO (lowest unoccupied molecular orbital), which happen between the molecular
orbitals w and *. Tauc's method, which uses the formula ahv = A(hv - Eg)1/2 (where hv is the energy of
the incoming photon), was applied to find the direct band-gap energy by extending the straight line to the
photon energy axis. We determined the energy gap of P3HT to be approximately 2.3 eV, which aligns with
the literature [13]. The energy gap tends to increase after adding AgNPs to P3HT to form nanocomposites,
as shown in Table 1. Crystal regularity also influences these values. The energy gap can be determined using
the classical relation for near-edge optical absorption in semiconductors [27]. A slight band gap blue shift
(2.35 — 2.38 eV) and the increased absorption intensity imply that the semiconducting nature of P3HT is
preserved, as Ag NPs interact plasmonically and alter morphological features of P3HT. this band gap shift
may due to enhanced carrier localization, confinement effect, degradation of conjugation length, and
Exciton splitting due to the Strong interaction of P3HT with AgNPs.
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Figure 6: Absorbance spectra for P3HT/Ag NPs nanocomposites.
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Figure 7: Tauc plot for of P3HT (a) 0.1, (b) 0.3, and (c) 0.4 wt% AgNPs.

Table. 1: The Energy gap values for P3HT/ Ag NPs nanocomposite

Sample Eg (eV)
Pure P3HT 2.1
0.1 2.35
0.3 2.37
0.4 2.38

4. Conclusions

The preparation of P3HT/Ag nanocomposites exhibits special features in which the silver nanoparticles are
made by laser ablation. The surfactant-free Ag NPs, prepared by liquid laser ablation (LAL), with relatively
high purity, which minimized any undesired chemical interactions. Structure analysis indicated the existence
of Ag NPs crystallites (~9 nm) in a face-centered cubic (fcc) shape. Meanwhile, FESEM results
demonstrated the occurrence of regulated agglomerates due to the particle density and polymer attraction.
Optical analysis indicated that Ag NPs were able to modulate the intensity of P3HT absorption and emission
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spectra, indicating a possible plasmonic effect and excitonic interactions, for example, at the optimized
concentrations. These results indicate that the nanocomposite structure and optical properties can be
controlled for applications in optoelectronic devices, such as organic solar cells or photodetectors.
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