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Abstract Avrticle Info.

In this study, spin coating was used to prepare thin films of poly (2-
methoxy-5-(2-ethylhexyloxy)-1, 4-phenylene vinylene) and silver (MEH-PPV/Ag) Keywords:
in this study. The physical characteristics of MEH-PPV/Ag thin films with various MEH-PPV/Ag Thin Films,
weight ratios (0.01, 0.02, 0.03, and 0.04%) were investigated by Fourier-transform FTIR, FE-SEM, XRD,
infrared spectroscopy (FTIR), field emission scanning electron microscopy (FE- Thermal Conductivity.
SEM), atomic force microscopy (AFM), X-ray diffraction analysis (XRD), and
thermal testing. FTIR analysis showed that there were occurrences of the polymer's  Article history:
predicted chemical bonds. AFM tests show that when different amounts of silver ~Received: May 15,2023
are added to a polymer matrix, the film's surface roughness (root mean square) Revised: Sep. 16, 2023
goes up from an average of 83.51 to 511.3 nm. FE-SEM analysis showed that a Accepted: Oct.15, 2023
pure sample of the polymer formed evenly. However, when different amounts of ~Published:Mar.01,2024
Ag were added, clear balls or circles formed, showing the energy of mixing
between the MEH-PPV and Ag. As silver addition transformed the polymer from
amorphous to polycrystalline, XRD analysis revealed both phases. In tests
comparing pure MEH-PPV to MEH-PPV/Ag, the polymer containing silver
showed higher thermal conductivity.

1. Introduction

Poly (phenylenevinylene) (PPV) is the only polymer of its type that can be treated
into a highly ordered crystalline thin film [1-9], and its conjugated nature has received a
lot of attention since it becomes electrically conductive upon doping. Using conducting
polymer materials as an active medium has led to the development of several
optoelectronic devices, including field effect transistors, light-emitting diodes (LED),
and photo-diodes (bulk heterojunction) [10-19].

Among these significant polymer classes is poly(2-methox-5(2’-ethylhexyloxy)-
1,4-phenylene vinylene (MEH-PPV), which has received a great deal of attention since
it was the first PPV to be soluble in commonly used organic solvents [20-29]. It has
been successfully used as a highly efficient light-emitting material in
electroluminescence devices. Due to its semiconducting characteristics, MEH-PPV has
been the subject of much research. Thin films may be made with PPV derivatives like
MEH-PPV. Thin films can be used to create organic light-emitting diodes (OLED) and
solar cell devices [30-39]. Organic polymers with molecular orbitals distributed over the
whole polymer chain are called "conjugated polymers." These orbitals are represented
in chemical structural formulas by a series of linked figures that switch between single
and double carbon bonds, Fig.1.

Since the finding of high conductance in doped polyacetylene [40], several
researchers have focused their attention on these polymers. The Nobel Prize in
Chemistry was given to Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa in
2000 for their work on this finding [41]. The fascination with conjugated polymers
stems from their exceptional mix of characteristics [42-46]. The polymer found in light-
emitting polymers conducts electricity when subjected to a voltage [46, 47]. Others
researchers in 2022 focused on manufacturing certain thin films used gas detectors to
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improve their quality. They also produced a thin film of MEH-PPV/FeCl; and
conducted studies on it, resulting in fairly comparable results to those that others had
obtained [48]. The aim of this work is to study the structural and morphological
characterization of MEH-PPV composites doped with different ratios of silver through
different tests.
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Figure 1: Structure formula of some r-conjugated polymers [48].

2. Experimental Work
2.1. Materials
The orange powder of MEH-PPV with 99.99% purity that is used in this work
was purchased from American Dye Source Inc. Canada. The silver metal powder with a
purity of 99.99% was purchased from HIMEDIA, India Laboratories Pvt. Ltd. Also, the
solvent toluene with a purity of 99.7% was purchased from Thermo Scientific
Chemicals, France.

2.2. Preparation of Specimens and Thickness Measurement

To produce MEH-PPV solution, 210 mg of its powder was dissolved in 75 ml of
toluene solvent, and the solution was stirred with a magnetic stirrer for at least 5 hours.
Adding silver micro-particle powder with various ratio concentrations (0.01, 0.02, 0.03,
and 0.04 %) to the solution and using a magnetic stirrer, the mixing of MEH-PPV/Ag
was accomplished. Then each concentration was put in a glass tube and left for 4hrs at
room temperature, so homogenous solutions of MEH-PPV/Ag were produced. After
that, thin films were uniformly distributed on (2.5 x 2.5) cm glass slides, which were
cleaned with a solution of distilled water and alcohol, and dried in an oven, using the
spin coating technique. The desired amount of the solution was put onto the glass slides
using a micropipette, the device was set to rotate at a rate of one thousand revolutions
per minute (rpm). Fourier-transform infrared spectroscopy (FTIR), field emission
scanning electron microscopy (FE-SEM), atomic force microscopy (AFM), X-ray
diffraction analysis (XRD) techniques were employed to characterize the films. Thermal
conductivity of MEH-PPV and MEH-PPV/Ag also was measured.

The thickness of the films was measured using AFM. The thickness of the
samples was determined by calculating the height difference between the material-
coated and uncoated area, and averaging the two values. The sample's thickness was
453.6 nm, as shown in Fig. 2.
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Figure 2: AFM scan images for specimen thickness measurement.

3. Results and Discussion
3.1. Field-Emission Scanning Electron Microscopy (FE-SEM)

The growth of the MEH-PPV pure film is clearly uniform, as shown in Fig. 3 for
MEH-PPV and MEH-PPV/Ag with different weight ratios. FE-SEM studies show that
there is a network of microscopic fractures with different lengths and directions. Under
thermal pressure, oxide-scale cracking is what causes these. This occurs as a result of
cyclic transitional thermal gradients caused by repeated heating and cooling of the
surface. When doping material (Ag) is added to MEH-PPV at various weight
percentages (0.01, 0.02, 0.03, and 0.04%), the formation of prominent or clear circles
indicates adsorption [9]. The adsorption increases as the number of dopants increases.
At a ratio of 0.03% of MEH-PPV/Ag, the sample exhibits the highest adsorption
energy.
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Figure 3: FE-SEM images of: A- pure MEH-PPV, B- MEH-PPV/Ag (0.01%), C-
MEH-PPV/Ag (0.02%), D- MEH-PPV/Ag (0.03%), and E- MEH-PPV/Ag (0.04%).

3.2. X-Ray Diffraction (XRD)
The X-ray diffraction pattern was used to look at the pure MEH-PPV-coated glass
samples and the silver-doped samples with varying amounts (0.02 and 0.04%) to find
out whether the material was crystalline or not. The test revealed that no crystalline
peaks appeared on the films deposited on the glass substrates of the pure MEH-PPV
material. This result confirms that the polymer MEH-PPV has an amorphous nature.
While the XRD pattern has shown numerous peaks or reflections when MEH-PPV is
doped with silver at varying concentrations, peaks appear at the following angles:
38.22°, 44.38°, 64.6°, and 77.70°, corresponding to (111), (200), (220), and (311)
groups of lattice levels, respectively, as shown in Fig. 4 and Table 1, which can be
classified as a type of face cube center (FCC), which is the structure of silver

nanoparticles.
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Figure 4: XRD patterns of (a) pure MEH-PPV, (b) MEH-PPV/Ag (0.02%), and (c) MEH-

P

PV/Ag (0.04%).

Table 1: X-ray diffraction peak list of silver nanoparticles.

20 (Degree)

38.22
44.38
64.6

77.70

Intensity (a.u.) FWHM (Degree) d-Spacing (A%
4948.38 0.2460 2.35

1498.07 0.295 2.04

720.81 0.344 1.442

85.19 0.24 1.22
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3.3. Atomic Force Microscope Analysis (AFM)

The AFM was used to evaluate the morphology and surface roughness of MEH-
PPV and MEH-PPV/Ag films on a substrate surface. Taking phase pictures with an
AFM in tapping mode can also show material details about the surface of a film. This is
because a change in dispersive power in a non-elastic tip-sample contact makes a solid
material show a positive phase transition compared to a soft material. The surface
structure and shapes of pure MEH-PPV and MEH-PPV/Ag at different concentrations
are shown in the 2D and 3D images that follow. Fig. 5 and Table 2 show that when
different amounts of silver are added to a polymer matrix, the film's surface roughness
(root mean square) goes up from an average of 83.51 to 511.3 nm.
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Figure 5: 2D and 3D AFM images of: (A) pure MEH-PPV, (B) MEH-PPV/Ag (0.01%), (C)
MEH-PPV/Ag (0.02%), (D) MEH-PPV/Ag (0.03%), and (E) MEH-PPV/Ag (0.04%).

Table 2: Values for mean roughness, particle height rate, mean diameter, and root mean
square of MEH-PPV/Ag at different ratios of Ag.

Sample Rq (hm) Ra (nm) Z max Mean diameter
MEH-PPV/Ag | Root mean square | Average roughness | (nm) (nm)
Pure (0%) 83.51 38.39 350.5 68.03
0.01% 24.18 97.60 7408 401.7
0.02% 276.4 162.3 5615 771.2
0.03% 376.2 276.9 3646 304.2
0.04% 511.3 374.7 2729 157.1

3.4. Thermal Conductivity

Thermal conductivity attempts to measure an object's capacity to conduct heat.
The objective of the thermal conductivity test is to quantify the polymer's thermal
conductivity and track its evolution in response to varying concentrations of silver
doping. The graph below represents the increase in thermal conductivity of the polymer
after the addition of silver. The conductivity of the polymer increased when the silver
was added. Fig. 6 demonstrates that the conductivity of the polymer was observed to
rise as Ag was added to the MEH-PPV polymer.
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Figure 6: Thermal conductivity of the pure polymer and MEH-PPV/Ag at different
ratios of Ag (0.01, 0.02, 0.03, and 0.04 %).

3.5. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy looks at multicomponent functional groups to help us
understand how reactions work and to find out what the substance phase is made of in
all the different types of bonds that are present in the samples. Fig. 7 demonstrates FTIR
spectra for pure MEH-PPV and MEH-PPV/Ag (0.01, 0.02, 0.03 and 0.04 wt %). As
shown in Table 3, the spectra reveal separated bands. Peaks at 3433 cm™ in pure MEH-
PPV correspond to N-H stretching vibration. At 3055.3 cm™, peaks correspond to C-H:
sp2 C-H (stretching mode). O-H stretching mode corresponds to peaks at 2954 cm™
(carboxylic acid). The peak at 2858 cm™ corresponds to carbon-hydrogen (stretching
mode). C=0 stretching mode corresponds to peaks at 1643 cm™ (conjugation of an
aldehyde with two aromatic rings). These results support M. Ibrahim and others’
position [47]. C=C aromatic ring corresponds to the peaks at 1577 cm™. According to J.
S. Shankar et al. [49], peaks at 1411 cm™ correspond to C-O-H (bending mode) and
975.98 cm™ correspond to vinyl oxygen expansion and alkyl oxygen expansion,
respectively. Regarding the addition of Ag at various weight ratios, there was a
great similarity between the peaks that appeared in pure material and a new peak at
475 cm™* correspond to Ag that did not appear in the pure state.

B, ]

Tranamittamnde

Figure 7: FTIR spectra for of the pure polymer and MEH-PPV/Ag at different ratios of Ag
(0.01, 0.02, 0.03, and 0.04 %).
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Table 3: Active groups affiliate with FTIR peaks for all samples.

Wave Number (cm™)

Bond type Pure 0.01% 0.02% 003% | 0.04%
N-H 3433 3448 3429 3429 3425
C-H:sp2 C-H 3055 3055 3055 3053 3051
O-H 29542924 | 3236,2870 | 2924,2858 | 2924 2924
C-H 2858 3236 2858 2854 2850
c=0 1643 1639 1639 1643 1658
c=C 1577 1577 1577+1500 | 1573 1612+1508
C-O-H 1411 1350 1350 1411 1350
c-0 1203+1041 | 1253+1203 | 1203 1203 1249
=C-H Out-of-plane | g55,705 | 702 068+879 | 794+702 | 964+844
bending mode

4. Conclusions

Thin films of MEH-PPV and MEH-PPV/Ag with varying weight ratios were
effectively produced using spin coating and drop casting processes. The FTIR spectra of
the samples exhibited the known MEH-PPV peaks. When Ag was introduced at various
weight ratios, a new peak of 474 cm™ developed, and this peak belonged to Ag,
indicating that Ag is not chemically reacted but rather creates a composite. AFM tests
show that when different amounts of silver are added to a polymer matrix, the film's
surface roughness (root mean square) goes up from an average of 83.51 to 511.3 nm.
The FE-SEM analysis revealed that pure MEH-PPV films had a uniform and regular
appearance; however, when Ag was added at various weight ratios, conspicuous circles
developed, suggesting the existence of adsorption energy, with the greatest adsorption
energy created at the MEH-PPV/Ag interface (0.03 %). Not only was the polymer's
thermal conductivity tested, but it was also proven that adding silver to the mixture
made it more conductive.
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