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ABSTRACT

Background:
The current experimental study presents the effect of silver nanoparticles (Ag NPs) on improving the

optical properties of a light-emitting polymer (LEP) based on Plasmon-Exciton Coupling.

Materials and Methods:

A Poly(9,9-di-n-octylfluorenyl-2,7-diyl)(C29H41) polymer (PFO) is one of the light-emitting polymers
that has distinctive optical properties when it is dissolved by toluene different concentrations.

Further, the Ag NPs are experimentally synthesized by pulsed laser ablation in liquids technique to be
subsequently mixed with the PFO polymer at different concentrations.

Results:

Based on the results, the Plasmon properties possessed by the Ag NPs improved the absorbance and
fluorescence spectra of the PFO polymer for all concentrations. In addition, the light-induced
fluorescence spectra are improved under the influence of laser beams by adding the Ag NPs to the PFO
polymer.

Conclusion:

The current study showed that with increasing the concentration of the Ag NPs in the PFO polymer
solution, a red shift appeared in the wavelength of the absorption and fluorescence spectra. This
wavelength shift is most likely the result of the strong interaction between the plasmon of the Ag NPs and
the exciton of the PFO polymer under the influence of laser light. In turn, this interaction can lead to
changes in the energy states of the PFO polymer thus improving its optical properties.

Key words: Plasmon-Exciton Coupling, Light-Emitting Polymer, the PFO Polymer, LAL, the Ag NPs.
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INTRODUCTION
In the last years, scientists have been widely interested in improving the properties of materials
to be optimally employed in industry. Among the materials that have received wide attention are
light-emitting polymers (LEPSs), due to their distinctive properties known for their flexibility,
lightweight, and expansive surface area for interaction, present cost-effective opportunities for
devices fabrication [1].

Among the LEPs, semiconductor conjugated polymers are the most interesting because they
have properties that make them promising for use, including high photoluminescence (HPL),
effective quantum vyield [2], broad gain cross-section [3], wide emission spectrum [4], and ability
to be electrically pumped [5].

Furthermore, a Poly(9,9-di-n-octylfluorenyl-2,7-diyl)(C29H41) polymer (PFO) is considered one
of the most important the semiconductor conjugated LEPs. The PFO is touted as a promising
material for the future of optoelectronic devices due to its affordability, ease of manufacture, and
intense photoluminescence in the visible spectrum [7]. These attributes make PFO an ideal
candidate for numerous optoelectronic applications such as polymer light-emitting diodes
(PLEDs), photovoltaic photodiodes, and field-effect transistors (FETS) [8,9].

Despite these advantages, the widespread adoption of LEPs is hampered by significant
challenges, include issues related to their thermal stability and limitations in electron-hole
separation and transfer, which often result in compromised performance and shortened lifespan
of devices employing LEPs [10].

Moreover, one of the most promising solutions to these challenges is the integration of the LEPs
with metal nanoparticles in one matrix. This innovative matrix has been shown to greatly
enhance the performance of the optoelectronic devices [11].

In the case of the PFO and other photoactive polymers, integrating it with metal nanoparticles
could mitigate some of its inherent weaknesses. Plasmonic metals such as silver or gold are able
to improve the optoelectronic properties of the PFO by activating a special feature of plasmonic
metals at certain frequencies of visible light called the surface plasmon resonance (SPR) [12,13].
This groundbreaking provides a promising solution to problems that limit the use of the PFO in
optoelectronic devices, and also this approach could herald a new generation of more efficient
and robust optoelectronic devices, indicating a future direction for research and development in
this field [14,15].

This study examined the plasmon - exciton coupling between the PFO polymer and the SPR of
silver nanoparticles (Ag NPs) to enhance the optical properties of the composite matrix. To
achieve this, the Ag NPs were mixed with the PFO polymer dissolved in toluene in various
concentrations. The SPR effect of Ag NPs, when coupled with the PFO, is expected to increase
the efficiency of the optoelectronic devices. The aim of this study is to offer valuable insights
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that could guide future research and development of the photonics devices based on the light-
emitting polymers.

MATERIALS AND METHODS

In this research, the poly (9,9-di-n-octylfluorenyl-2,7-diyl) polymer (PFO) is a type of light-
emitting polymers with a molecular weight of 20,000 which was purchased from American Dye
Source Company. The PFO dissolved in toluene (C7H8: with a molecular weight of 92.14) at
three concentrations: 5*10° M, 3*10° M, and 1*10° M, as shown in Figure 1a.

a b { Nd:YAG Laser | 1064 nm Mirror
“* Laser beam
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Quartz cover
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Figure 1: a) the image of the PFO polymer samples with different concentrations, b) the setup
of the pulsed laser ablation in liquids, and c) the setup of the LIF technique.

Moreover, the Ag NPs experimentally generated using a pure silver target (with >99.9% purity
and a thickness of 2 mm) via the pulsed laser ablation in liquids (PLAL) method. The PLAL
setup works with a Q-switched Nd: YAG lasers operated with wavelength 1064 nm, pulse width
5 ns, repetition rate 10 Hz, and with 80 mJ energy per pulse focused directly on the pure silver
target, the setup is shown in Figure 1b. The Ag NPs was experimentally generated by the PLAL
at three distinct concentrations, using a different number of laser pulses (250, 500, and 750
pulses) directly focused on the target. Each of the three concentrations of the PFO and the Ag
NPs was mixed with 50:50 ratios. Consequently, the nine samples were created with varying
concentrations, they are used to complete the experiment.
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The optical spectroscopy of the samples was measured with a 190-900 nm UV-Vis
spectrophotometer (model CECIL7100 Korea), also the Fluorescence spectrum (the emission
and excitation spectra) of the samples were measured by a fluorescence spectrophotometer
(model Scinco, FS-2). Then, it was measured excite fluorescent molecules by Laser-Induced
Fluorescence (LIF) technique, this is done using 473 nm CW laser source, it works with power
30 m watt, the setting is as shown in Figure 1c. Finally, the morphology (shape and size) of the
Ag NPs was measured using Field Emission Scanning Electron Microscopy (FE-SEM), its
operated at an accelerating voltage of 10 kV. While the average size of the Ag NPs was
calculated from FE-SEM images via Image J software.

RESULTS AND DISCUSSION

The results of optical spectra measurements of the all samples are shown in the Figure 2. The
optical spectroscopy of the PFO polymer dissolved in toluene with different concentrations, it is
observed that the absorption spectra increase with the PFO polymer concentration increasing, the
behavior is depicted in the Figure 2a.

The absorption spectrum of the Ag NPs generated by PLAL method increases with increasing
number of laser pulses focused on target (250, 500, and 750 pulse) with a minor red shift in
wavelength, as in the Figure 2b. The absorption spectrums of the PFO polymer are improved,
this is done by adding Ag NPs to the PFO polymer, to produce a matrix with different
concentrations, as shown in the Figure 2c.

Page | 56

ISSN: 2312-8135 | Print ISSN: 1992-0652

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON

Vol.32; No.1.| 2024

Py O T e ey S

v .

T

o v o

Coy 6|

9 =

Ty T TV T

For Pure and Applied Sciences (JUBPAS)
01 (a) —PFO 1:10°° (b) —— 750 Puls-Ag NPs
0354 — PFO 3*10°6 087 —— 500 Puls-Ag NPs
— PFO 5*1076 —— 250 Puls-Ag NPs

0.30

0.25

Absorbance (a.u)
o o
[l N
(&) o
L 1

0.10

0.05

0.00

T T T
300 330 360

T T T T T T T 1
390 420 450 480 510 540 570 600
wavelenath (nm)

o
o
1

Absorbance (a.u)
2
1

o
N
1

0.0

T
300 350

T
400

T
450

T
500

T T T T
550 600 650 700

wavelength (nm)

074 (c)

Absorbance (a.u)
o
=

o
)
1

o
HN
L

0.0

—PFO 1*10°6 + Ag NPs
— PFO 5*10-6 + Ag NPs
— PFO 3*10-6 + Ag NPs

T T T T T T
300 330 360 390 420 450 480 510 540 570
wavelength (nm)

600

Figure 2: The absorption spectrum of a) the PFO polymer with different concentrations, b)

the Ag NPs with different concentrations, and c) the matrix with different concentrations.

Notably, the improvement in the optical absorption spectra is due to the Ag NPs acting as
thermal sources to absorb light, which leads to an increase in the absorption of the matrix, as the
absorption spectrum increases when the concentration of the Ag NPs within the polymer
increases, the result agrees with [16,17].

The results of the samples morphology are showed that all the Ag NPs that were produced by the
method of laser ablation are spherical shape, the average size of the Ag NPs in the toluene
solution is 26 nm, as shown in Figure 3.
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Figure 3: the FE-SEM image of the Ag NPs in the toluene solution.

The results of the fluorescence spectra are shown in the Figure 4, the effect of adding the Ag NPs
on improving the fluorescence spectra of the PFO polymer is observed, this improvement
increases when the concentration of the Ag NPs increases, but an increase in the concentration of
the Ag NPs for the number of pulses of 750 pulses, the fluorescence spectrum begins to decrease
slightly due to the phenomenon of scattering that leads to suppression of the spectra, for all
concentrations used in the work.

It can be clearly seen that the fluorescence spectra contain two peaks, likely due to distinct
electronic transitions within the polymer molecules. The first peak is thought to represent the
initial emission of the polymer, while the second peak could be associated with additional
excited states or interactions within the material. When the Ag NPs are introduced into the PFO
polymer, an increase in intensity is observed for both peaks in the fluorescence spectrum for all
concentrations compared to the pure polymer. This improvement in fluorescence can be
attributed to the well-known phenomenon of fluorescence intensification by metallic
nanoparticles, which is typically associated with localized surface Plasmon resonance
(LSPR)[16].
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eré The LSPR amplifies the local electromagnetic field at the NPs surface, which leads to an
L increased Fluorescence spectra for all samples. In addition to this fluorescence intensification,
[ the introduction of Ag NPs also induces a shift in the peak wavelengths. These shifts, commonly
3‘— referred to as red or blue shifts, indicate changes in the photo-physical properties of the sample

due to changing the energy states of the PFO polymer [17].

The Ag NPs are known for their strong interaction with light, a property frequently exploited in
surface-enhanced luminescence applications. The Ag NPs should be added to the PFO polymer
in calculated proportions.

In order not to suppress the polymer fluorescence spectrum due to the high concentrations of the
silver NPs. For example, an increase in the Ag NPs concentration may lead to changes, such as a
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decrease plasmon-exciton interaction, this change can subsequently change optical energy levels
of the polymer, resulting in the observed blue shift in fluorescence. This hypothesis, while
plausible, is not definitive and would benefit from further investigation to confirm the exact
mechanisms in this field of researches.

In the order, results of the effect of adding the Ag NPs to the PFO polymer on the LIF spectra are
shown in the Figure 5. The noticeable improvement in the LIF spectra intensity as well as the
redshift in wavelength that the Ag NPs causes to the matrix compared to the pure polymer, it is
actually caused by the interaction between the plasmon-exciton.
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Figure 5: the LIF spectrum of the PFO polymer before and after adding the Ag NPs.

The presence of the Ag NPs can lead to enhanced light emission and a wider emission
bandwidth, which indicates more efficient energy transfer between the excitons in the PFO
polymer and the plasmons in the Ag NPs. The Ag NPs interact with excitons in the polymer,
resulting in intense photoemission, the specific size, shape, and distribution of the Ag NPs within
the polymer matrix can influence the strength of this coupling, which in turn affects the
fluorescence properties of the PFO polymer. Attributed to changes in the local electromagnetic
field caused by plasmonic coupling. These changes may lead to altered exciton energy levels or
modified radioactive decay pathways within the polymer, leading to the observed spectral shift.

Overall, the results indicate that the incorporation of the silver nanoparticles into the light-
emitting polymer (PFO) can enhance the fluorescence intensity and broaden the emission
bandwidth, demonstrating the potential of the plasmon-exciton coupling as a means to improve
the optical properties of the light-emitting polymers. Further investigations and optimizations of
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the silver nanoparticle concentration, size, and morphology can be explored to achieve more
significant improvements in the fluorescence properties of the polymer.

CONCLUSION:

We conclude from the current experimental study that it is possible to obtain improved optical
properties of the PFO polymer by doping with the Ag NPs at a certain concentration without
reaching the scattering state. The pure PFO polymer has display two emission peaks due to two
distinct electronic transitions occurring within its structure, when the Ag NPs are added, the
intensity of these peaks increases significantly. In addition, the introduction of the Ag NPs
causes a red shift at wavelengths, this wavelengths shift is most likely the result of the strong
interaction of the Ag NPs with PFO polymer leading a change in the photo-activity. In turn, this
interaction can lead to changes in the energy states of the PFO polymer as well as the emission
and absorption of light. In addition, the study's analysis of the LIF spectra demonstrates the
synergistic effect of the excitation of the plasmon on the photopolymer, which leads to increase
the light emission efficiency and the elongated emission bandwidth, indicating more efficient
energy transfer between the plasmon and exaction. This coupling can lead to improve the optical
properties of the light-emitting polymers, increase the fluorescence intensity, and broaden the
emission spectrum.
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