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Abstract Article Info. 

             Poly [2-methoxy-5-(2-ethylhexyloxy)-1, 4-phenylenevinyl] (MEH-PPV) 

thin films were created in this study using both spin coating and drop casting 

processes. MEH-PPV thin films generated by Ferric Chloride (FeCl3) doping (0.03, 

0.06, 0.09, and 0.12 wt%) were studied for some physical features using Fourier-

Transform Infrared Spectroscopy (FTIR), Field Emission Scanning Electron 

Microscopy (FE-SEM), and Energy Dispersive X-ray Spectroscopy (EDX). An 

FTIR test showed that there was no chemical reaction that occurred between Ferric 

Chloride (FeCl3) and MEH-PPV, but rather a physical one, that is, an organic 

material composite occurred. As for FE-SEM, the pure sample MEH-PPV formed 

uniformly, but when FeCl3 was added by weight, we have different circles that 

indicate the formation of adsorption energy and that the highest adsorption energy 

appears at MEH-PPV/FeCl3 (0.06%), as well as EDX, which indicates the absence 

of undesirable elements and indicates the presence of small peaks for iron (Fe) and 

chlorine (Cl). Peaks of carbon(C) and oxygen (O) types indicate the presence of the 

chemical elements of MEH-PPV. 
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1. Introduction 
         Through the earliest research in polymeric light-emitting diodes [1], accurate 

measurement was made for a group of conjugated polymers in order to form devices 

for industrial applications [2-5]. Among these polymers, PPV (polyphenylene 

vinylene) and its derivatives have witnessed a great deal of interest recently due to 

their amazing electrical properties [6]. Various models of conductive as well as 

electroluminescent polymers have been selected as a promising group of materials for 

organic electronic applications such as organic phototransistors, organic light-emitting 

diodes (OLEDs), and organic photovoltaics, organic photodetectors [7]. Light-

emitting polymers contain a polymer that conducts electricity when it is exposed to an 

external voltage. A. Bernanos and coworkers at Nancy University in France noted 

electroluminescence in organic materials in the early 1950s when materials such as 

acridine orange were exposed to a high alternating voltage [8]. In 1960, M. Pope and 

some of his co-workers at New York University produced contacts for an Ohmic 

electrode with a dark injection of organic crystals [9]. One of the prominent 

landmarks in history is the invention of the organic luminescent device with a thin 

green double-layer film [10]. This work incorporates carbon nanotubes into a 

conductive polymer called poly[2-methoxy,5-(2-ethylhexoxy)-1,4-henylenevinylene] 

(MEH-PPV) to improve gas sensing capacity [11]. The two solutions, MEH-PPV and 

MWCNTs, were combined to create simple and inexpensive sensors. According to the 

FTIR measurements, an ester bond connects MEH-PPV to the carbon nanotube 

surface.  The  average  roughness  increased  with  increasing  MWCNT  content, as  

P-ISSN: 2070-4003 

E-ISSN: 2664-5548 
DOI: 10.30723/ijp.v20i3.1016 

 
 

   Iraqi Journal of Physics is licensed under a Creative Commons Attribution 4.0 International License     
 

mailto:Mustafa.Hussein@sc.uobaghdad.edu.iq
mailto:Nour.mothana1204a@sc.uobaghdad.edu.iq
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Iraqi Journal of Physics, 2022               Noor Mothana Jabbar and Mustafa Mohammed Ali Hussein 

990 

 

revealed by AFM. When the sensors were exposed to H2S gas, the MEH-PPV: 

MWCNTs based sensors showed notable reactions [11]. The optical and 

optoelectronic properties of MEH-PPV hybrid thin films comprising different 

quantities of SiO2/TiO2 nanocomposites (STNCs) have been studied [12]. With 

increased STNC concentration, they discovered significant dampening of MEH-PPV 

emission intensity, which is due to more efficient charge transfusion. As compared to 

a pure MEH-PPV thin film, MEH-PPV/STNCs have shorter emission and decay 

lifetimes, indicating effective charge transfer as well as the absence of static 

quenching. The absence of any change in the absorption spectra with increasing 

STNC concentration, as well as the linear Stern–Volmer plot, reveal completely 

dynamic quenching in hybrid thin films. Increased STNC concentration allows for 

more effective charge transfer, which results in increased current and lower device 

turn-on voltage, resulting in improved OLED performance [12].  

         The aim of this work is to study the structural properties of pure MEH-PPV and 

MEH-PPV doped with FeCl3 in different weight ratios (0.03%, 0.06%, 0.09%, and 

0.12%). FTIR measurements also verified the occurrence of a physical reaction and 

the absence of a chemical reaction between MEH-PPV and FeCl3. 

2. Experimental work 
2.1. Materials 

         Table 1 shows the materials that were used in this work.  

   
Table 1: Chemicals that were used in this work. 

Materials Purity Properties Supplier 

MEH-PPV 99.99% Chemical formula (C17H24O2)n, appearance(Yellow 

solid), solubility in water(insoluble). 

American Dye 

source, Inc. 

Canada 

FeCl3 98% Odor (Slight HCl), solubility in 

(Methanol,Ethanol,Acetone), appearance(Green-

black by reflected light, purple-red by transmitted 

light, yellow solid as hexahydrate, brown as aq. 

solution). 

THOMAS 

BAKER-INDIA 

Methanol 99.5% Water 0.1%, acidity (Acetic Acid) 0.003%, 

alkalinity 5ppm, total sulphur 5ppm, aldehydes & 

ketones 0.005%, nonvolatile matter 0.001%. 

England 

toluene 99.7% Acidity(as Acetic acid)0,002%, color(APHA)10, 

sulfur compounds (as S) 0.003%, water(KF) 

0.03%w/w. 

France 

 

2.2. Preparation of specimens and thickness measurement 

         In this study, a glass slide was used as a base material for the thin films 

produced. The glass slides were cut into sizes of (2.5 * 2.5) and (1 * 1) cm
2
 and 

cleaned by following the necessary procedure (rinsing with distilled water, washing 

in an ultrasonic organic solvent, and drying with hot air) and making them suitable 

for film coating. A homogeneous aqueous solution of (210 mg) MEH-PPV was 

prepared by dissolving it in a solution (25 ml) of toluene, and also the substance with 

which the doping was done (80 mg). FeCl3 was prepared by dissolving it in a solution 

of toluene and methanol solution together. FeCl3 was added in different weight 

percentages (0.03%, 0.06%, 0.09%, and 0.12%) to the MEH-PPV solution. The 

prepared solutions were stirred at room temperature for 10 hrs and allowed to be 

homogeneous for 5 days. After the solution preparation step was completed, the 
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drop-casting step was started to check the FTIR and the spin coating step to check 

SEM and EDX on clean glass bases in order to produce thin films homogeneously on 

the slides. As for the thin films prepared by the drop-casting method, they were 

placed in the oven at a temperature of 60 °C for an hour to dry. As for the thin films 

prepared by the spin coating method, the glass substrates were appropriately placed 

on the magnetic platform that can rotate at high speeds. The specified amount of 

solution was drawn by a micropipette to the center of the glass base and began to 

rotate at a speed of 1000 rpm. When the rotation time is complete, the glass 

substrates are removed from the device. As shown in Fig.1 the spin coating device 

has been worked on. 

 
Figure 1: The spinning device that has been worked with. 

 

         To measure the thickness of the film, the weight difference method was used, 

Eq. (1). The mass of the film was measured before and after deposition. The 

difference will give the mass of the film (m). We know the area of the film (A) and 

the density (d) of the film material. So, the thickness of the films was found to be 

about 700 nm. 

  

                                                    
 

  
                              (1) 

 

3. Results and discussion 
3.1. Fourier Transform Infrared Spectroscopy (FTIR) 

         The goal of FTIR spectroscopy is to look at multicomponent functional groups 

in order to learn more about the reaction process and to determine the substance phase 

composition in a variety of bond types seen in all samples. Fig.2 shows FTIR spectra 

for pure MEH-PPV, MEH-PPV/FeCl3 (0.03%), MEH-PPV/FeCl3 (0.06%), MEH-

PPV/FeCl3 (0.09%), and MEH-PPV/FeCl3 (0.12 %). As can be seen in Table 2, the 

spectra indicated separate bands. According to pure MEH-PPV, peaks at 3447.79 cm
-1

 

correspond to O-H stretching vibration. Peaks at 3053.31 cm
-1

 correspond to C-H 

(aromatic stretching). Peaks at 2960.73 cm
-1

 correspond to CH3 (asymmetric 

stretching). Peaks at 1641.42 cm
-1

 correspond to C=O (ester). These results are in 

agreement with I. M. Ibrahim et al [11]. Peaks at 1512.19 cm
-1

 correspond to C-C 

aromatic (semicircular phenyl stretch) and this agrees with E. S. Bronze-Uhle et al 

[13]. Peaks at 1346.31cm
-1

 are only observed in nanocomposites and are due to CH2 

deformation. 1207.43 cm
-1

 and 975.98 cm
-1 

respectively, which correspond to vinyl 

oxygen expansion and alkyl oxygen expansion and this is consistent with J. S. 

Shankar et al [9]. As for adding FeCl3 in different weight ratios, there is a great 

similarity between the peaks that appeared in pure with the appearance of a new peak 

at 618 cm
-1

. This agrees with M. A. Inam [14]. This means that the Fe-C bond does 
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not appear and there is stress in the C-Cl bond, and this indicates that there is no 

chemical reaction between FeCl3 and organic material, but rather it should be a 

physical composite. And table (2) shows the types of bonds that have appeared. 

 
Figure 2: FTIR for pure MEH-PPV, MEH-PPV/FeCl3(0.03%), MEH-PPV/FeCl3(0.06%), 

MEH-PPV/FeCl3(0.09%) and MEH-PPV/FeCl3(0.12%). 

 

Table 2: List of FTIR peaks for all samples. 

Band 

type 

Wave Number ( cm
-1

 ) 

MEH-PPV 

(pure) 

MEH-

PPV+FeCl3-

(0.03%) 

MEH-

PPV+FeCl3-

(0.06%) 

MEH-

PPV+FeCl3-

(0.09%) 

MEH-

PPV+FeCl3-

(0.12%) 

OH 3447.94 3414.604 3452.58 3458.367 3446.794 

C-H 3053.31 3051.38 no 3055.24 3059.102 

CH3 2960.73 2912.51 2879.72 2873.93 no 

C=O 1641.422 1681.92 1637.56 1651.0665 1634.9 

C-C 1512.19 1523.764 15010.26 1506.4 1504.47 

CH2 1346.31 1344.38 1342.455 1338.59 1340.52 

C-O-C 1207.43 1176.57 1170.79 1151.5 1145.716 

C-O-C 975.98 966.336 958.621 948.977 956.96 

FeCl3 no 618 618 618 618 

3.2. Field-Emission Scanning Electron Microscopy (FE-SEM) 

         Figs.3-7 show pure MEH-PPV and MEH-PPV/FeCl3 with different weight 

percentages. As shown in fig.3, the MEH-PPV film shows uniformly homogeneous 

growth. Detailed FE-SEM observations have revealed that the heat-checking pattern 

is composed of thin interconnected cracks of different lengths and orientations, due to 

the oxide-scale cracking under the thermal stresses. This is due to cyclic transition 

thermal gradients, induced by repeated heating and cooling of the surface. When 

adding doping material FeCl3 in different weight percentages (0.03%, 0.06%, 0.09% 

and 0.12%) to MEH-PPV, the shapes appear the formation of prominent or clear 

circles, which indicate the presence of adsorption, with the increase in the amount of 

F
eC

l3
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dopants, the adsorption increases and the highest adsorption energy appears in the 

MEH-PPV/FeCl3 (0.06%) sample. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

Figure 3: FE-SEM images of pure MEH-PPV. Figure 4: FE-SEM images of MEH-

PPV/FeCl3(0.03%). 

Figure 5: FE-SEM images of MEH-

PPV/FeCl3(0.06%). 

 

Figure 6: FE-SEM images of MEH-

PPV/FeCl3(0.09%). 

 

Figure 7: FE-SEM images of MEH-PPV/FeCl3(0.12%). 
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 3.3. Energy-Dispersive X-Ray (EDX) Spectroscopy  

         Energy dispersive X-ray (EDX) spectroscopy is a technique for elemental 

analysis and chemical composition determination, associated with electron 

microscopy. The method relies on the generation of characteristic X-rays, that reveal 

the identity of the elements present in the sample. Typically, this technique is used in 

conjunction with SEM. The X-ray emissions from the prepared nanoparticles at 

different wavelengths are measured by a photon-energy-sensitive detector. These X-

rays are characteristic of each element and allow the determination of the 

nanoparticle’s elemental composition. EDX spectrum analysis can offer both semi-

qualitative and semi-quantitative information. The composition of the sample was 

determined by analyzing the EDX spectrum shown in Fig.8 (a-e), which showed the 

initial distribution in the samples (pure MEH-PPV, MEH-PPV/FeCl3 0.03%, 0.06%, 

0.09%, and 0.12%). The results show that there are no unwanted elements in the 

samples. Some items were found to be due to contamination agents that were used for 

testing. The EDX spectrum of the surface of the samples reveals the presence of small 

peaks of iron (Fe) and chlorine (Cl), which confirms the presence of the substance 

that has been doped with it, which is iron chlorides, and also reveals the presence of 

large peaks of silicon as shown in Fig.8. A series of peaks related to carbon (C) and 

oxygen (O) types were observed in the spectrum survey, and this also confirms the 

presence of chemical elements in MEH-PPV. 

   

 
Element Line W% A% 

C Ka 26.63 35.49 

N Ka 4.87 5.56 

O Ka 46.22 46.25 

Si Ka 22.28 12.70 

Total  100.00 100.00 

Figure 8(a): A typical EDX for pure MEH-PPV. 
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Element Line W% A% 

C Ka 15.99 22.74 

N Ka 5.75 7.01 

O Ka 49.55 52.90 

Si Ka 28.24 17.18 

Cl Ka 0.18 0.09 

Fe Ka 0.28 0.09 

Total  100.00 100.00 

Figure 8(b): A typical EDX for MEH-PPV/FeCl3 (0.03%). 

 
Element Line W% A% 

C Ka 9.39 12.65 

N Ka 4.71 5.44 

O Ka 74.89 75.78 

Si Ka 10.16 5.86 

Cl Ka 0.15 0.07 

Fe Ka 0.71 0.21 

Total  100.00 100.00 

Figure 8 (c): A typical EDX for MEH-PPV/FeCl3 (0.06%). 
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Element Line W% A% 

C Ka 67.63 76.36 

N Ka 5.35 5.18 

O Ka 15.21 12.89 

Si Ka 11.14 5.38 

Cl Ka 0.22 0.09 

Fe Ka 0.45 0.11 

Total  100.00 100.00 

Figure 8 (d): A typical EDX for MEH-PPV/FeCl3 (0.09%) 

  
Element Line W% A% 

C Ka 18.15 25.45 

N Ka 5.96 7.16 

O Ka 48.58 51.14 

Si Ka 26.82 16.08 

Cl Ka 0.14 0.07 

Fe Ka 0.35 0.10 

Total  100.00 100.00 

Figure 8 (e): A typical EDX for MEH-PPV/FeCl3 (0.12%). 
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4. Conclusion 
         Thin films of pure MEH-PPV and MEH-PPV/FeCl3 with different weight ratios 

were successfully prepared by spin coating and drop casting methods. FTIR samples 

show the presence of peaks of MEH-PPV in all samples. Also, a new peak of 618cm
-1

 

appeared when FeCl3 was added with different weight ratios, and this peak belonged 

to FeCl3, and this indicates that it is not chemically formed, but rather that it is 

composite. As for the FE-SEM assay, the pure MEH-PPV films showed a 

homogeneous and regular shape, and when FeCl3 was added in different weight ratios, 

prominent circles appeared, indicating the presence of adsorption energy, with the 

highest adsorption energy formed at MEH-PPV/FeCl3 (0.06%). The presence of 

undesirable elements also confirms the presence of small peaks of C and O chemical 

elements in MEH-PPV. 
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-إٌثٍل-2) -5-مٍثوكسً -2الخصائص التركٍثٍة والشكلٍة للمركة النانوي تولً ]

المشوب تكلورٌد الحدٌد الثلاثً انٍلٍنف-فٍنٍلٍن-1،4-هٍكسٍلوكسً(   

 
نور مثنى جثار

1
، مصطفى محمد علً حسٍن

1
 

1
 قسن الفٍشٌاء، كلٍح العلْم، جاهعح تغذاد

 

 الخلاصة
-فٌٍٍلٍي-1،9-( ٍُكسٍلْكسً-إٌثٍل-1) -1- هٍثْكسً-1] تْلً الٌاًْي اغشٍح رقٍقح هي للوزكة فً ُذٍ الذراسح تن اًشاء           

-1] تْلً الٌاًْي توت دراسح الاغشٍح الزقٍقح للوزكة .تاستخذام كل هي عولٍح الطلاء الذّراًً ّعولٍح الصة تالتٌقٍط ]فاًٍلٍي

الوشْب تكلْرٌذ الحذٌذ الثلاثً تٌسة ّسًٍح هختلفح  ]فاًٍلٍي-فٌٍٍلٍي-1،9-( ٍُكسٍلْكسً-إٌثٍل-1) -1- هٍثْكسً

الحوزاء ّ  تحت تالأشعح للطٍف فْرٌٍَ %( لثعض الخصائص الفٍشٌائٍح تاستخذام كل هي تحٌْل0001ّ%0001ّ%0001ّ%0091)

 تحت تالأشعح للطٍف فْرٌٍَ الوجِز الالكتزًًّ الواسح ّالاشعح السٌٍٍح الوشتتح للطاقح0 عٌذها تن قٍاص الخصائص الٍِكلٍح )تحٌْل

-1،9-( ٍُكسٍلْكسً-إٌثٍل-1) -1- هٍثْكسً-1] الحوزاء( ّجذ اًح لن ٌحذث أي تفاعل كٍوٍائً تٍي كلْرٌذ الحذٌذ الثلاثً ّتْلً

ذ الواسح تشكلت العٌٍح الٌقٍح تشكل هْحذ ّلكي عٌذها توت إضافح كلْرٌذ الحذٌ الالكتزًًّ اها تالٌسثح الى الوجِز 0]فاًٍلٍي-فٌٍٍلٍي

الثلاثً تٌسة ّسًٍح هختلفح تشكلت دّائز تارسج اّ دّائز ّاضحح تشٍز الى تكٌْي طاقح اهتشاس ّاى اعلى طاقح اهتشاس تظِز فً 

للطاقح تشٍز الى عذم ّجْد عٌاصز غٍز هزغْب فٍِا ّتشٍز الى ّجْد قون صغٍزج هي  الوشتتح السٌٍٍح %( ّكذلك الاشعح0001)

-1] هي القون الوتعلقح تاًْاع الكارتْى ّالاّكسجٍي ُّذا ٌؤكذ هي ّجْد العٌاصز الكٍوٍائٍح فً تْلًالحذٌذ ّالكلْر0 لْحظت سلسلح 

 0]فاًٍلٍي-فٌٍٍلٍي-1،9-( ٍُكسٍلْكسً-إٌثٍل-1) -1- هٍثْكسً


