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ABSTRACT 

 

 

SYNTHESIS AND CHARACTERIZATION OF NEW CONDUCTING POLYMER- NANO 

PARTICLE COMPOSITES 

 

 

Eroğlu, Esra 

M.Sc., Department of Chemistry 

Supervisor: Prof. Dr. Ahmet M. Önal 

Co-Supervisor: Assist. Prof. Dr. Emren Nalbant Esentürk 

 

 

January 2013, 38 Pages 

 

In this study, conjugated monomers containing fluorene units; 2-(9,9-dihexyl-2-(thiophen-2-yl)-9H-

fluoren-7-yl)thiophene (TFT) and 5-(9,9-dihexyl-2-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-9H-

fluoren-7-yl)-2,3dihydrothieno[3,4b ][1,4] dioxine (EFE) were synthesized on the basis of donor-

acceptor-donor approach and their electrochemical polymerization were achieved via potential 

cycling. Optical and electrochemical properties of their corresponding polymers, poly(2-(9,9-dihexyl-

2-(thiophen-2-yl)-9H-fluoren-7-yl)thiophene) PTFT, and poly(5-(9,9-dihexyl-2-(2,3-

dihydrothieno[3,4-b][1,4]dioxin-5-yl)-9H-fluoren-7-yl)-2,3dihydrothieno[3,4b ][1,4] dioxine) PEFE, 

were investigated and it was found that polymer films exhibited quasi-reversible redox behavior 

(Epox= 1.10 V for PTFT, Epox = 0.70 V and 1.00 V for  PEFE) accompanied with a reversible 

electrochromic behavior, yellow to dark green for PTFT, yellow to parliament blue for PEFE. Their 

band gap values (Eg) were found to be 2.36 eV and 2.26 eV for PTFT and PEFE, respectively. 

Furthermore, gold nanoparticles (AuNP) were prepared and their interaction with polymer films, 

PTFT and PEFE, were investigated using spectroscopic techniques. The fluorescence properties of 

the polymers and their composites, prepared by the interaction of AuNP with polymers, were also 

investigated. 

 

 

Keywords: Conjugated polymers, fluorene, gold nanoparticles, polymer-gold nanoparticle 

composites. 
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ÖZ 

 

 

YENĠ ĠLETKEN POLĠMER- NANOPARÇACIK KOMPOZĠTLERĠN SENTEZLENMESĠ VE 

KARAKTERĠZASYONU 

 

 

Eroğlu, Esra 

Y. Lisans, Kimya Bölümü 

Tez Yöneticisi: Prof. Dr. Ahmet M. Önal  

Ortak Tez Yöneticisi: Yard. Doç.Dr. Emren Nalbant Esentürk 

 

 

Ocak 2013, 38 sayfa 

 

Bu çalıĢmada, verici-alıcı-verici dizininde, floren içeren konjuge monomerler 2-(9,9-dihekzil-2-

(tiyofen-2-yl)-9H-floren-7-yl)tiyofen (TFT) ve 5-(9,9-dihekzil-2-(2,3-dihidrotiyeno[3,4-

b][1,4]dioksin-5-yl)-9H-floren-7-yl)-2,3dihidrotiyeno[3,4b ][1,4] dioksin (EFE)  sentezlenmiĢ ve 

monomerler döngülü voltametri yöntemi ile   elektrokimyasal olarak polimerleĢtirilmiĢtir. Elde edilen 

polimerlerin, poli(2-(9,9-diheksil-2-(tiyofen-2-yl)-9H-floren-7-yl)tiyofen) (PTFT) ve poli(5-(9,9-

diheksil-2-(2,3-dihidrotiyeno[3,4-b][1,4]dioksin-5-yl)-9H-floren-7-yl)-2,3dihidrotiyeno[3,4b][1,4] 

dioksin) (PEFE), optik ve elektrokimyasal özellikleri incelenmiĢ ve polimer filmlerinin tersinir 

redoks davranımı esnasına (PTFT için Epox = 1.10 V, PEFE için Epox= 0.70 V ve 1.00 V) tersinir 

elektrokromik davranım (PTFT için sarıdan koyu yeĢile ve PEFE için sarıdan maviye) gösterdiği 

gözlenmiĢtir. PTFT ve PEFE’ nin bant aralıkları sırasıyla 2.36 eV ve 2.26 eV olarak bulunmuĢtur. 

Ayrıca, altın nanotanecikler (AuNP) hazırlanmıĢ ve polimer filmleri, PTFT ve PEFE, ile etkileĢimleri 

spektroskopik teknikler kullanılarak incelenmiĢtir. Polimerlerin ve bunların AuNP ile etkileĢimi 

sonucu elde edilen kompozitlerin floresan özellikleri de incelenmiĢtir. 

 

 

Anahtar Sözcükler: Konjüge Polimerler, Floren, Altın nanoparçacık, Polimer- altın nanoparçacık 

kompozitleri.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

 1.1. Conducting Polymers (CPs) 

 1.1.1. Brief History of CPs 

 

Conducting polymers (CPs)  are macro molecules which are formed by polymerization of  conjugated 

chains in which -electrons are delocalized along the chain. The important developments in the field 

of CPs have started with the coincidental discovery in a collaborative effort between three scientist, H. 

Shirakawa, A. J. Heeger and A. McDiarmid, that polyacetylene exposed to iodine vapors develops 

very high and well characterized conductivities for an organic material.1 In 2000, Nobel Prize was 

given to H. Shirakawa, A. J. Heeger and A. McDiarmid, who invented high conductivity property of 

polyacetylene upon iodine doping, in chemistry.2
-3

 Although polyacetylene was initially the most 

studied CP from scientific and practical application point of view, due to its high chemical instability 

in air, limited processibility and low solubility, interest in it has recently been confined to its scientific 

aspects.
4 

Thus, considerable research done on polyacetylene to overcome its limiting properties which 

is accompanied with the  rapid development of many other CPs  in the following years.  Polypyrrole
5
, 

polyfuran
6
, polythiophene

7,8 
and poly(3,4-ethylenedioxythiophene) (PEDOT)

9
, which are similar 

properties with some other aromatic polymers like polyaniline
10

, poly(p-phenylenevinylene)
11

 and 

polyfluorenes
12

 are some examples of other conjugated polymers which are shown in Figure 1. These 

polymers have attracted considerable attention since they found wide variety of applications including 

light-emitting diodes
13

, molecular electronics
14

, organic solar cells
15

, gas sensors
16

 and electrochromic 

mirrors.
17

 These potential applications make CPs  center of attention and significant efforts have been 

devoted for the design and synthesis of new π-conjugated polymers. 

 

 

Figure 1: Examples of some CPs and their repeating unit 
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1.1.2. Conductivity of CPs 

Conjugated polymers exhibit a variety of interesting properties among them their ability to act as 

electronic conductors is perhaps the most important. Electronically conducting polymers are 

extensively conjugated molecules, with alternating single and double bonds along the chains. This 

characteristic structural feature of conjugated polymers makes them semi-conductors in their neutral 

state. 

To conduct electricity, charge carriers should be introduced into the polymer along π orbitals by a 

process known as doping. In this manner, positive (p-type) and negative (n-type) charge carriers could 

be formed during polymer oxidation and reduction, respectively. Formation of either p or n type 

charge carriers with the distortion of structure is named as polaron. If two polarons form a couple, it 

turns into bipolaron with a charge of +2 or (-2) shown in Figure 2. As the number of bipolarons 

increases, the number of states between the valence band and conduction band also increases. As a 

result, band gap, Eg, of polymer decreases and conductivity increases at the same time.
18

 

 

 
 

Figure 2: Formations of charge carriers and polaron/bipolaron structures in polypyrrole during 

oxidative doping
19 

 

1.1.3. Band Theory 

Materials could be classified into three main catagories according to their conducting  properties as 

insulators, semiconducturs and conductors.To predict the fundamental catagory of material, major 

reference have to be known is the band gap. A band gap (Eg) is defined as energy difference between 

highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO).
20

 An 

insulator has such a high band gap energy that is insufficent to allow electrons to promote from 

valence band to the conduction band. Eg value of insulator is generally greater than 3.0 eV. Thus, 

valence band is fully occupied and conduction band is fully empty. 

 



 

3 

 

A band gap energy of semiconductor, on the other hand,  is lower compared to insulator, which is 

between 0.5 - 3.0 eV, so that electrons could be excited from the valence band to the conduction band 

with different kinds of excitations. If overlapping of valence and conduction bands occurs the Eg value 

becomes zero and the material gains high electrical conduction property
21

 as in the case of conductors. 

(Figure 3) 

 

 

Figure 3: Schematic representation of three types of materials in terms of their band gaps
22 

1.1.4. Electrochemical Polymerization 

In general CPs can be synthesized either by chemical polymerization or by electrochemical 

polymerization methods.
23-26 

Electrochemical polymerization is one of the polymerization technique in 

which polymerization is initiated via formation of radical ions due to the oxidation of monomer by an 

applied external potential. Electrochemical polymerization has been widely used to generate CPs due 

to its many advantages as stated below. 
27-28 

 

 Properties of product could be analyzed in situ. 

 Small amount of monomer is sufficent to start polymerization. 

 Product obtained from electrochemical polymerization could adhere well to the electrode 

surface. 

 Product shows good electrochromic properties. 

 The redox system could be altered by providing control of doping-dedoping process, 

adjusting applied voltage, polymerization time or scan rate.  

 

There are some important points that affect the electrochemical polymerization process and properties 

of the resultant polymer such as solvent-electrolyte couple, applied voltage and monomer 

concentration
29

. First of all, solvent should be able to dissolve both monomer and supporting 

electrolye. However, if there is a need for polymer film on the electrode surface, polymer shoud be 

insoluable in the solvent. Electrolyte has to be non-nucleophilic and inert through electrochemical 

reactions. Tetraalkylammonium hexafluorophosphate, tetraalkylammonium tetrafluoroborate and 

lithium perchlorate are mostly preferred electrolytes in the synthesis of CPs
30

. Also, 

oxidation/reduction potentials of the solvent-electrolyte couple should be greater than the redox 

potential of the monomer. Monomer concentration is also critical for successful electrochemical 

polymerization and it should be high enough to ensure polymer synthesis. Finally, applied potential 

should not exceed the oxidation potential of monomer to prevent the overoxidation and side 

reactions.
31

 

 

The first step of electrochemical polymerization is the formation of radical cation by the oxidation of 

monomer via applied potential.  

 



 

4 

 

Due to higher speed of electron transfer reactions compared to monomer diffusion, radical cations 

maintain high concentrations near the electrode surface during the polymerization.  

In the second step, two radical cations are coupled and make re-aromatization by losing two hydrogen 

atoms. Then, dimer is oxidized and turns into radical form to couple with monomeric radical. 

Polymerization proceeds until oligomer becomes insoluble and starts to adhere to the electrode 

surface. Figure 4 represents the mechanism of electro-oxidative polymerization of heterocyclic 

monomers.
 32

 

 

 
 

Figure 4: Mechanism of electrochemical polymerization of heterocyclic monomers (X = O, S, and 

NH)
33 

 

1.2. Polyfluorenes 

1.2.1. Overview of Polyfluorenes 

 

Among the variety of conjugated polymers, polyfluorenes, PFs, are suitable for wide range of 

applications due to their high photoluminescence quantum yields, good photostability and high 

thermal stability. They are also one of the most preferred candidates of blue electroluminescence 

devices.
34-35

. On the other hand, it has too high energy barrier to inject a hole and limited solubility 

property which are some of the disadvantages of PF Furthermore, PFs may show excimer and 

aggregate formation when exposed to high temperatures or during current flow. In both cases, red-

shift in the fluorescence with reduced intensity occurs.
36

To prevent these drawbacks, C-9 position of 

the fluorene might be substituted by suitable substituents which may not only increase the solubility 

but also avoids aggregate formation. Another possibility is copolymerizing fluorene with other 

suitable monomers which will allow the tuning of emission colors. Furthermore, stiffness and liquid 

crystalline characteristics of PFs might also be affected depending on the nature of comonomer used 

in the copolymerization. Some possible comonomers are depicted in Figure 5.
37

 Examples of 

copolymers of PFs with different emission colors are depicted in Figure 6. 
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Figure 5: Different copolymers of PFs 

 

 

Figure 6: PFs covering whole visible spectrum 
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1.2.2. Synthesis of PFs 

 

There are two common methods for the synthesis of PFs by carbon-carbon cross coupling reactions 

from fluorene monomers. First method was reported by Yoshino and coworkers in which poly (9, 9-

dihexyl-2, 7-fluorene) is synthesized via oxidative coupling reaction by using   iron (III) chloride as 

catalyst.
38-39 

This method was named as Scholl reaction. However, there are some drawbacks of this 

reaction including formation of low molecular weight product and nonconjugated linkages other than 

2 and 7 positions. Thus, new method, transition-metal mediated polycondensation reactions, has been 

replaced by Schroll reaction in many syntheses. 

 

Transition-metal mediated polycondensation reactions branched into three according to the types of 

transition metals used. Yamamoto, Suzuki and Stille coupling reactions are the methods in which 

nickel used for Yamamato, palladium for Suzuki and Stille coupling as catalysts. Products obtained by 

Yamamato coupling are limited if the object is to synthesize homopolymer and copolymer. On the 

other hand, high molecular weight polymer and wide range of PF homo and copolymer synthesis are 

possible when Suzuki and Stille coupling methods are used.
40

 

 

1.2.3. Fuctionalization of PFs 

 

PFs are important class of conjugated polymers due to their light emitting properties with high 

photoluminescence quantum yields. Furthermore, they exhibit high chemical and thermal stabilities 

which allow them to be used in light emitting diodes. However, PFs also have some disadventages 

such as formation of excimers and bias to aggregation in the solid state, and lower solubility in 

common solvents.
41-43

  

 

One way to overcome these drawbacks is the substitution of the C-9 position of fluorene by suitable 

substituents, such as aryl or alkyl groups. If alkyl groups are attached to the C-9 position of fluorene, 

solubility is improved in common organic solvents so that processibility will increase. Some aryl 

groups such as carbazole and oxadiazole could be attached to the C-9 position of fluorene unit. All 

these side groups have some effect on the morphology of PFs and PFs with different morphology 

show different photophysical properties.
44

 

Besides functionalization of the C-9 position of fluorene, copolymerization of fluorene with different 

kind of aryl partners makes possible altering of electronic properties so that this method becomes 

important for PFs whose electronic properties are not easily altered by chemical modifications.
45

 

 

Copolymerization typically starts and continues from the 2-7 or 3-6 positions of fluorene unit. This 

process could be performed by Stille coupling reaction in which fluorene monomer should be 

brominated and comonomer should be stannated before the coupling reaction. As a result of 

copolymerization, band gaps of polymers are changed and different colored materials could be 

obtained. It is revealed that alternation of donor and acceptor groups regularly could reduce the band 

gap by means of broadening of the valence and conduction bands. 
46 

Therefore, various donor-

acceptor type copolymers based on fluorene were prepared. Some examples of fluorene containing 

copolymers synthesized in our research groups are shown in Figure 8.
47-50
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Figure 7: Polyfluorene with typical ring numbering 

 

 

 
 

Figure 8: Band gap values of different kinds of fluorene copolymers 

 

1.3. Brief Information of Nanoparticles (NPs) 

 

Particles which have the dimensions in the scale of 1-100 nm are called nanoparticles (NPs), whether 

they are dispersed in gaseous, liquid, or solid media. NPs usually contain 10
6 

atoms or fewer and they 

bond together and are intermediate in size between individual atoms and macroscopic solids.
51-52 

NPs 

have attracted the interest of many scientist in different fields of chemistry, physics and material 

science due to their unique physical and chemical properties.
53-57

 Specifically, studies with gold 

nanoparticles (AuNPs) have become an active area in recent years because they can be used 

succesfully in electronical, optical and catalytic studies.
58-59

  

1.4. Surface Plasmon Oscillation (SPO) 

 

The electric field of an incoming light causes polarization of the free conduction electrons of spherical 

nanoparticles. The positive charges are assumed to be immobile and the negative charges that is, the 

conduction electrons, start to move by applied electric field. Thus, such kind of displacement of 
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conduction electrons from the positive charges results to net charge difference at the boundries of 

NPs. As a consequence, there is a dipolar oscillation of the electrons with a spesific time period, 

which is named as surface plasmon oscillation. In other words, the conduction electrons in a spherical 

cluster are in resonance with the frequency of incoming light and results to surface plasmon 

oscillations (SPO). SPO is generally refered as surface plasmon resonance. This resonance frequency 

is strongly dependent on the size, shape, interparticle interactions, and local environment of the 

nanoparticle.
60-65 

Figure 9 represents the creation of surface plasmon oscillation in metal NPs. 

 

              
 

Figure 9: Schematic presentation of the surface plasmon in metallic NPs when metal sphere interacts 

with electromagnetic radiation 

1.5. Properties of AuNPs 

 

Spherical AuNPs are preferred for many purposes in different areas due to their shape and size related 

optoelectronic properties, low toxicity, large surface-to volume ratios and biocompatibility.  

 

One of the most important properties of AuNPs is their surface plasmon resonance ability which 

results with absorption of light in visible region. Due to the fact that d-d band transitions matches with 

the energy of light in the visible region, AuNPs characteristically show strong absorption in the visible 

region.
66 

They show a range of colors such as orange, purple, red or brown as the particle size, solvent, 

temperature changes.
67-69 

For small gold nanoparticles with an avarage diameter about 30 nm 

generally have an absorption of light at about 520 and 530 nm. As the particle size gets bigger which 

is between 50-100 nm, in which amount of scattering light and peak broadining increase, absorption 

of light is observed between 540 and 570 nm. Figure 10 exhibits absorbances of AuNPs with respect 

to their incresing diameter sizes. 
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Figure 10: Absorption spectra of AuNPs with different diameters in organic solvent at room 

temperature.
70

 

Second major point related with AuNPs is their fluorescence quenching property. This florescence 

deactivation process is based on good overlapping of excited fluorophores and the surface plasmon 

band of AuNPs.That is, if life time of emission is decreased; then, fluorophore’s oscillating dipole is 

in phase with AuNPs surface plasmon resonance frequency.
71 

1.6. Preparation of AuNPs  

 

Generally gold nanoparticles are produced in a liquid by reduction of chloroauric acid, H[AuCl4], 

with citric acid. This method is pioneered by J. Turkevich and named as Turkevich method. Although, 

the method is widely used for long times to synthesize AuNPs with diameter of 10-20 nm to 100 nm, 

it suffers from aggregation of NPs during thiolate processing. Therefore, to overcome aggregation 

problems new strategies were developed. 
72

 

 

In 1994, Brust and Schriffin achieved to develop a new methodology having more advantages over 

former method. They followed biphasic reduction process in which tetraoctylammonium bromide 

(TOAB) was used as phase transfer catalyst and sodium borohydride (NaBH4) as the reducing agent. 

Final products, AuNPs, are soluable in organic phase and have high stability when compared to other 

AuNPs because of strong thiol-gold interactions and van der Walls attractions between the 

neighboring ligands. This high stability makes them possible to use for further functionalization.
73

 

1.7. Composite Materials 

 

The term ‘composite’ is used to identify two or more constituents that are  gathered with different 

methods; then, product which have different physical and chemical behaviors then constituents. Also, 

nanocomposite materials have recently been studied due to their unique properties. Specifically, 

conducting polymers and metal nanoparticles have gained much attention in recent years because of 

their application areas such as catalysis
74

, optoelectronic devices
75

, transistors
76

 and sensors
77

. 

Polyaniline, polythiophene and polypyrole are the examples of  conducting polymers and Au, Ag,  Pt 

or Pd are the metal  naoparticles preferred to prepare nanocomposites.  
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Electrical and optical properties of these composite systems depend of the polymer and metal 

nanoparticle types and amounts. If AuNP and conducting polymer composites are considered, several 

methods have been studied by now in literature.
78-81

 

 

Two of the most preferable methods are generally either adsorption of AuNPs on the substrate  coated 

surfaces with bifunctional aminosiloxane and mercapto siloxane as terminal ligand or with n-

alkanethiol containing  terminal thiol and amine functioanal groups. The other popular method is 

embedding AuNPs into the polymer matrix by which effective stacking of AuNPs onto polymer 

surface and increase of stabilization of polymer are aimed. The final method stated in literature is the 

chemical and electrochemical polymerization in the presence of AuNPs.
82-88

 

1.8. Aim of Study 

 

It is known that composite preparation has promising method to develop the conducting polymer 

properties in terms of electrical conductivity, fluorescence ability and optical properties. Thus, the 

main object of this study was to prepare AuNP containg conjugated polymers  and to investigate the 

effect of AuNPs on the properties of polymer. For this purpose two types of monomers TFT and 

EFE, having D-A-D system to lower the band gap, have been designed and synthesized as a first step. 

Then, monomers were electropolymerized. After their characterization, AuNP containing composites 

were prepared to investigate the effect of AuNPs on the properties of electrochemically obtained 

polymers PTFT and PEFE. Optical and fluorescence properties of the polymers were compared with 

polymer film-AuNP composites. 
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CHAPTER 2 

 

 

EXPERIMENTAL 

 

 

 

2.1. General Information 

 

All chemicals were purchased from Sigma Aldrich and they were used without additional process 

except some solvents such as acetonitrile (ACN), toluene and dichloromethane (DCM). In the 

experiments, solvents were freshly distilled over CaH2 under argon atmosphere before using. In 

electrochemical experiments, three-electrode setup was used containing platinum wire as counter 

electrode, platinum disc (0.02 cm
2
) as working electrode and Ag/AgCl in 3 M NaCl (aq) solution as a 

reference electrode. In these experiments, tetrabutylammonium hexafluoraphosphate (TBAPF6) and 

tetrabutylammonium tetrafluoroborate (TBABF4) were used as electrolytes. Cycling voltammetry 

(CV) was used to synthesize and characterize polymers by potential cycling and constant potential 

electrolysis methods; then, behaviors of resulting films regarding electrochemically and optically and 

composite materials were analyzed in appropriate solvent-electrolyte mixture. Gamry PCI4/300 

potentiostat-galvanostat was used for CV studies. During redox switching, all electronic transition 

changes that shows the spectroelectrochemical (SPEL) properties of CPs, were investigated on an 

indium tin oxide conducting glass (ITO, Delta Tech. 8–12 Ω, 0.7 cm x 5 cm) which was used as 

working electrode and with Ag wire as  a pseudo-reference as reference and platinum wire  as a 

counter electrode. A Hewlett-Packard 8453A diode array UV-vis spectrometer was used both for 

SPEL studies and to monitor AuNP formation on the polymer films. Also, FEI-Quanta 400 F scanning 

electron microscope (SEM) was used as complementary instrument to UV-Vis spectrometer to detect 

Au NPs.
 1

H NMR and 
13

C NMR spectra were recorded on a Bruker Spectrospin Avance DPX-400 

Spectrometer in CDCl3 using tetramethylsilane as the internal standard. FTIR spectra were recorded 

on a Bruker Vertex 70 spectrophotometer equipped with attenuated total reflectance (ATR) unit. High 

resolution mass spectrometry analysis was done via Water, Synapt HRMS instrument for 

characterization of monomers. 

 

2.2 Monomer Synthesis  

2.2.1 Synthesis of 2-(9,9-dihexyl-2-(thiophen-2-yl)-9H-fluoren-7-yl)thiophene (TFT) 

 

2,7-dibromo-9,9-dihexyl-9H-fluorene (2.03 mmol, 1 equiv), 2-(Tributylstannyl)thiophene (4.06 

mmol, 2 equiv) and 2 mol % of Pd(PPh3)4 (0.082 mmol) were placed in a 100 ml two necked flask 

equipped with reflux condenser and magnetic stir bar under Ar atmosphere. 50 ml toluene, which had 

been freshly distilled and degassed with Ar, was added to the reaction medium as solvent and heated 

until the reflux starts which is about 100-110C
o
. It was stirred at stable reflux temperature and 

controlled with TLC. The reaction was stopped after 72 h and excess toluene was remeoved from the 

reaction medium under reduced pressure. The crude product was isolated by coulmn chromotography 

on silica gel by eluting with chloroform: hexane (1:3, v/v). The purified pale yellow solid was isolated 

in a %65 yield. 
1
H NMR (400 MHz, CDCl3): δ 7.76 (d, J= 8.2 Hz, 2H), 7.68-7.60 (m, 4H),7.38 (d, 

J=4.4,2H) 7.35-7.23 (m,2H), 7.12 (d, 2H), 2.08 (q, J= 7.6, 2H,CH2), 1.46-1.12 (m, 26H, CH2), 1.24 

(m, 4H, CH2), 0.92 (t, J=7.2, CH3). 
13

C NMR (400 MHz, CDCl3) δ: 151.39, 142.36, 139,.45, 137.97, 

124.92, 120.39, 119.68, 118.43, 97.22, 55.18, 40.30, 31.46, 29.68, 23.72, 22.56, 14.02. 
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Figure 11: Synthesis of 2-(9,9-dihexyl-2-(thiophen-2-yl)-9H-fluoren-7-yl)thiophene (TFT) 

2.2.2 Synthesis of 5-(9,9-dihexyl-2-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-9H-fluoren-7-yl)-

2,3dihydrothieno[3,4b][1,4] dioxine (EFE) 

 

2,7-dibromo-9,9-dihexyl-9H-fluorene (1.42 mmol, 1 equiv), 2-(tributylstannyl)EDOT (2.8 mmol, 2 

equiv) and 2 mol % of Pd(PPh3)2Cl2 (0.056 mmol) were placed in a 100 ml two necked flask equipped 

with reflux condenser and magnetic stir bar under Ar atmosphere. Freshly distilled and degassed 40 

ml toluene was added to the reaction medium as solvent and heated until the reflux starts which is 

about 100-110C
o
.After stabilizing the temperature, reaction was stirred at reflux temperature and 

controlled with TLC until the end of the reaction. It was stopped after 72 h and toluene was removed 

by rotary evaporator. Monomer was isolated from the crude product by column chromotography on 

silica gel by chloroform: hexane (1:3.5, v/v) as an eluent.The resultant yellow solid was isolated in a 

%42 yield in yellow solid form. 
1
H NMR (400 MHz, CDCl3): δ 7.76 (d, J= 8.2 Hz, 2H), 6.25 (s, 2H) 

1.94 (t, J= 4.2, 4H, CH2), 1.52-0.96 (m, 16H, CH2), 0.72 (m, 4H, CH2), 0.67 (t, J=7.2, 6H, CH3). 
13

C 

NMR (400 MHz, CDCl3) δ: 151.39, 142.36, 139.45, 137.97, 124.92, 120.39, 119.68, 118.43, 97.22, 

55.18, 40.30, 31.46, 29.68, 23.72, 22.56, 14.02. 

 

 

Figure 12: Synthesis of 5-(9,9-dihexyl-2-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-9H-fluoren-7-

yl)-2,3dihydrothieno[3,4b ][1,4] dioxine (EFE) 

2.3 Polymer Synthesis 

2.3.1. Electrochemical polymerization of monomers 

 

Electrochemical polymerization of both monomers, TFT and EFE, were performed by using 

multiple scan cyclic voltammetry. TFT (5.0x10 
-3 

M) was electropolymerized by using mixtures of 

ACN/ DCM (98/2 v/v)  and  TBABF4 as electrolyte on platinum disc electrode by repetitive 

potential cycling which was applied between 0.00 V and 1.27 V at a scan rate of 100 mV/s. Due to 

limited solubility of TFT in ACN it was first dissolved in limited amount of DCM. Polimerization 

of EFE was achieved on platinum electrode by repetitive potential cycling in between  0.00 V and 

1.35 V at scan rate of 100 mV/s under Ar atmosphere. Polymerization was carried out in solvent 

mixture of DCM/BF3O(C2H5)2 (99/1 v/v)  and 1x 10 
-3

M  TBAPF6 was used as supporting 

electrolyte. After predetermined number of potential cycling, polymer film coated working 

electrodes were removed from the electrolytic solution and polymer films were washed with ACN to 

remove unreacted monomers and electrolytes from the polymer surface.   
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2.4. AuNP preparation 

 

Synthesis of gold nanoparticles was carried out according to the Brust’s method reported in the 

literature.
62

 To a 40.0 ml  1.0 x 10 
-3 

M of  tetraoctylammonium bromide solution in toluene, 5.0 ml of 

aqueous gold chloride solution HAuCl4 ( 3.0 x10
-2 

M) was added in one portion. Then, transfer of 

metal salt to toluene was observed by color change in toluene which was from colorless to wine red. 

The mixture was stirred about 2 hours to ensure the transfer of all metal salt to toluene phase. As a 

reducing agent, NaBH4 aquous solution (5.0 x10
-3

M, 12,5 ml) was added dropwise while stirring. 

Solution was allowed to stir for 2 hours. Then, two phases were seperated and toluene phase was 

washed with 0.1M H2SO4 and 0.1M NaOH aqueous solutions; then, dried over MgSO4 to obtain gold 

nanoparticles. 

 

2.5. Polymer-Gold Nanoparticle Composite Preparation 

 

Prior to Au NPs-polymer composite sample preparation, polymer films, PTFT and PEFE (25 mC), 

were deposited on to ITO electrodes via constant potential electrolysis. Then polymer fılm coated 

electrodes were dipped into AuNP solution for different time intervals. To monitor the AuNP 

deposition due to the interaction between sulphur atoms of the polymer and Au, UV-vis spectra of the 

polymer coated ITO electrodes were recorded in ACN. 

 

2.6. Characterization of Polymer 

2.6.1. Cyclic Voltammetry (CV) 

 

Cyclic voltammetry is one of the most widely used electroanalytical techniques for acquiring 

qualitative information about electrochemical reactions because it offers simple usage and well-

rounded data.There are three electrodes in the properly working system which are working electrode 

(WE), referance electrode (RE) and counter electrode (CE). In CV, potentiostat linearly scans the 

potential of WE, the electrode at which the redox reaction of interest is taking place, with respect to 

RE. There is a current creation from WE to CE when the potential is applied to the system, and 

current flow detection is done by potentiostat. Data are then plotted as current (i) vs. potential (E). 

 

2.7. Spectroelectrochemistry 

Spectroelectrochemistry combines electrochemical and spectroscopic methods. It provides 

information about the some changes of transitions in electronic states of  CPs between different redox 

states and information related with Eg values which form upon doping process of the materials. 

Spectroelectrochemical studies were done by Hewlett-Packard 8453A diode array UV-vis 

spectrometer. In these experiments, three electrode system was by application of potential to observe 

absorbtion spectra. Pt wire, Ag wire and indium tin oxide (ITO, Delta Tech. 8-12 Ω, 0.7 cm x 5 cm) 

were used as CE, pseudo-RE, WE respectively 

2.8. Kinetic Properties 

 

Kinetic studies make possible to obtain information about optical properties of CPs such as percent 

transmittance differences (∆%T), switching time (ts) and coloration efficiency (CE). In this study,  

 

three electrode system was used as in the SPEL analysis in which  Pt wire as CE, a Ag wire as a 

pseudo-RE and ITO as a WE. Kinetic behaviors of polymers were studied with a Hewlett-Packard 

8453A diode array UV-vis spectrometer.
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2.9. Characterization of Polymer-Gold nanoparticle composites 

2.9.1. UV Measurements 

 

Formation of AuNPs and their interaction with polymer films, PTFT and PEFE, were monitored by 

recording their UV-vis spectra in ACN at different time intervals.  A Hewlett-Packard 8453A diode 

array UV-vis  

2.9.2. Scanning Electron Microscope (SEM) 

 

The scanning electron microscope (SEM) is a type of tecnique that uses a focused beam of high-

energy electrons instead of light to generate signals at the surface of solid specimens. The signals 

deriving from electron-sample interactions reveal information about the sample including 

morphology, chemical composition, and crystalline structure of materials. Detection of gold 

nanoparticles in composite metarials was investigated by the FEI-Quanta 400 FEG scanning electron 

microscope (SEM) scanning microscope. 
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CHAPTER 3 

 

 

RESULTS AND DISCUSSION 

 

 

 

3.1. Electrochemical Properties of Monomers 

 

3.1.1. Cyclic Voltammograms of Monomers 

 

Prior to polymer synthesis, electrochemical behavior of monomers, TFT and  EFE,  were investigated 

utilizing CV. In the case of TFT, 0.1 M TBABF4 / ACN / DCM   mixture was used as electrolytic 

medium due poor solubility of TFT in ACN. On the other hand, DCM/BF3O(C2H5)2 mixture 

containing 0.1 M TBAPF6 was used as solvent-electrolyte mixture for investigating the 

electrochemical behaviour of EFE. The cyclic voltammograms of both monomers are shown in Figure 

13. An inspection of Figure 13a and 13b reveals that both monomers exhibit an irreversible oxidation 

peak, 1.12 V vs. Ag/AgCl and 1.24 V vs Ag/AgCl for EFE and TFT, respectively, during the anodic 

scan. Since both monomers have the same electron acceptor unit, which is 9,9- dihexylfluorene, the 

slight difference in their oxidation potentials can be explained on the basis of electron donating power 

of donor side groups. Due to the higher electron donating effect of EDOT than thiophene, monomer 

EFE has slightly lower oxidation potential.  

     

 

Figure 13: Cyclic voltammograms of a) TFT in 0.1 M TBABF4/ACN/DCM b) EFE in 0.1 M 

TBAPF6/DCM/BF3O(C2H5)2 solution at 100 mV/s vs. Ag/AgCl. Concentration of monomers: TFT= 

5.0 x10-3 M, EFE= 4.0 x10
-3
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3.1.2. Electropolymerization of Monomers 

 

Monomers are electrochemically polymerized by repetitive cycling in their proper electrolytic 

medium. Different polymerization media were used in the polymer synthesis due to characteristic 

solubilities of monomers and polymers. Since solubility of TFT was limited in ACN, it was dissolved 

in minimum amount of DCM before ACN was added. Its polymerization was performed in ACN/ 

DCM (98/2, v/v) solvent mixture containing 0.1 M TBABF4 as an electrolyte. In the case of EFE, 

polymerization medium was DCM/ BF3O (C2H5)2 (97/3, v/v) in which TBAPF6 was used as 

electrolyte. Polymers, PTFT and PEFE, were deposited either on Pt or on ITO working electrodes via 

potential cycling from 0.00 to 1.30 V (for TFT) and 0.00 to 1.40 V (for EFE). During repetitive 

cycling, formations of new reversible redox couples were observed at about 1.05 V and 0.9 V for TFT 

and EFE, respectively (See Figure 14a and 14b). These newly formed redox couples revealed the 

electroactive polymer film formation on the surface of working electrode with increasing thickness of 

polymer film. 

 

Figure 14: Electropolymerization of a) 5.0 x 10
-3 

M of TFT in ACN/ DCM (98/2; v/v) with 0.1M 

TBABF4,b) 4.0 x 10
-3

 M of EFE in DCM/ BF3O(C2H5)2 with 0.1 M TBAPF6 at 100 mV/s (vs. 

Ag/AgCl) 
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3.2. Characterization of Polymers 

3.2.1. Electrochemical Properties of Polymers 

 

Investigation of electrochemical behaviors of polymers, PTFT and PEFE, were performed in 0.1 M 

TBABF4 /ACN and TBAPF6 /ACN, respectively in monomer free solution. As it seen from the 

cycling voltammograms shown in Figure 15a, PTFT shows a well-defined reversible redox couple at 

1.1 V. PEFE, on the other hand, exhibits two redox couples at 0.7 V and 1.0 V, due to formation of 

charge carriers (Figure 15b). Peak currents variation, which is a function of voltage scan rate,was also 

investigated by recording the cyclic voltammograms of polymer films at different voltage scan rates. 

The results are depicted in Figure 16.  The linear increase in anodic peak current with increasing 

voltage scan rate indicates not only the existence of polymer film on the working surface with a well 

adhesion  but also a non-diffusional electron transfer process. 

 

 

 

 

                                     

 

 

 

Figure 15: Cyclic voltammograms of films a) PTFT in 0.1 M TBABF4/ACN b) PEFE in 

0.1M TBAPF6/ ACN on a Pt disk electrode at 100 mV/s (vs. Ag/AgCl). 
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Figure 16: (a) Scan rate dependence of  PTFT and PEFE film on a Pt disk electrode in 0.1 M 

TBABF4/ACN and TBAPF6/ACN between 20-100 mV/s. (b) Relationship of anodic (ip,a) and 

cathodic (ip,c) peaks current as a function of scan rate between to redox states which are neutral and 

oxidized state 
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3.3. Properties of Composite Materials 

3.3.1.UV-Vis Measurements 

Since AuNP solution has a characteristic absorption band at around 550 nm, due to plasmon 

resonance, interaction of AuNP with sulphur containing polymers were investigated  by recording 

their UV-vis absorption spectrum before and after dipping polymer films in AuNP solution and the 

results are given in Figure 17. Prior to immersing into AuNP particles solution, PTFT film exhibits an 

absorption band at 400 nm due to * transition.  Upon immersing polymer film coated ITO 

electrode in  AuNP solution for 1 h, a new absorption band at about 550 nm, characteristic of AuNP, 

was observed indicating the existence of AuNP on the polymer surface. To investigate the effect of 

contact time with AuNP solution, PTFT film was kept in contact for further four hours and UV-vis 

absorption spectrum was recorded with one hour time intervals. As seen from Figure 17a, the intensity 

of 550 nm absorption band increases up to three hours and no appreciable increase was observed 

beyond this point. Thus, 4 h of contact time was assumed to be enough to obtain maximum amount of 

AuNP on the PTFT. Same procedure was applied for the PEFE films. As it seen from Figure 17b, 

before immersing into AuNP solution, PEFE has an absorbance band  at 475 nm, due to * 

transition. After keeping the polymer film 1 h in contact with AuNP solution, characteristic AuNP 

band was observed at about 600 nm. This band intensified upon keeping it in contact with AuNP 

solution for further one hour. However, no appreciable increase in intensity of 600 nm band was noted 

beyond 2 h contact time. As a result, optimum dipping time in Au NP solution for PTFT and PEFE 

are determined as 4h and 2h, respectively.  

                                  

 

Figure 17: UV-vis absorption spectra of a) PTFT-AuNPs b) PEFE- AuNPs composites in ACN 

3.3.2. Scanning Electron Microscope (SEM) Images   

 

In order to find further support for the Au-S interaction on the polymer films, SEM images of PTFT 

and PEFE films before and after dipping into AuNP solutions were recorded. To record the images of 

composite materials, back scattered electrons (BSE) are detected. In this method, electrons which are  
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reflected or backscattered from the sample are used to create the images. Theoretically, heavy elments  

back scatter electrons more strongly than the light elements which cause contrast between different 

areas in the images. As a result, heavy elements are brigther then light elements. In our SEM images, 

it is expected to observe Au nanoparticles brighter than the polymer films. For PTFT-AuNP 

composite, magnification was 2000 for each image. SEM images of PTFT films before and after 

immersing into AuNP solution are depicted in Figure 18 a-e.  Figure 18a, shows the PTFT SEM 

image before the interaction with Au and as it is seen there is no difference in contrast of PTFT itself. 

However, it is obviously seen in Figure 18 b that AuNPs are accumulated onto surface of PTFT. Due 

to the BSE effect, AuNPs are brighter as compared to PTFT. Figure 18c, 18d and 18e correspond to 

2, 3 and 4 h interaction of PTFT with AuNP containing solution. Similiar to the results obtained from 

UV-vis measurements, AuNPs reach to their maximum value within 4 h on the PTFT.  

 

The last five SEM images given in Figure 19 belongs to PEFE and it’s composite with AuNP. In this 

case, magnification value was 20000 for each SEM image. Similar to the SEM image of PTFT, 

PEFE also has no contrast difference in itself (See Figure 19a). SEM images change and AuNPs 

become observable upon keeping PEFE film in contact with AuNP solution (See Figure 19 b-e). 

According to SEM images given in figure 19c, 19d and 19e 2h is sufficient to obtain maximum 

amount of AuNP on the PEFE surface which is consistent with the results obtained from the UV-vis 

measurements. 
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Figure 18: SEM images of PTFT and PTFT-AuNP composites with respect to polymer –Au 

interaction times a) PTFT b) 1h c) 2h d) 3h e) 4h in AuNP solution 

                                    

a b 

c d 

e 
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Figure 19: SEM images of PEFE and PEFE-AuNP composites with respect to polymer –Au 

interaction times a) PEFE b) 1h c) 2h d) 3h e) 4h in AuNP solution  

 

 

a b 

c d 
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3.4. Comparison of Polymer-Au NP composites 

3.4.1. Comparison of Spectroelectrochemical Properties of Polymers and Composites 

 

Spectroelectrochemical (SPEL) data reveals the electro-optical properties of the polymers and 

composite materials that one can observe changes in the electronic absorption spectra under a voltage 

pulse in a monomer free electrolyte solution via constant potential electrolysis. Neutral form of PTFT 

film has an absorption band at about 400 nm and PEFE has at about 350 and 450 nm shown in Figure 

20. These neutral absorption bands corespond to π-π* transition of the polymers. However, these 

absorption bands lose their intensity upon oxidation and new band formations are observed for both 

polymer films. In the case of PTFT, there are new band formations at about 725 nm and upon further 

oxidation at 1000 nm which indicates the formation of new charge carriers. PEFE has similiar SPEL 

data with the previous polymer PTFT. Its valance band -conduction band transition at 350 and 450 

nm diminish during oxidation and a new band starts to form at about 600 nm. Upon further oxidation, 

formation of a weak and broad band which is around 940 nm is also observed. Both polymers also 

show electrochromic responses between oxidized and reduced forms. PTFT film is yellow colored in 

the neutral state and dark green in its oxidized states. For PEFE, color changes from yellow to 

parlement blue as going from its neutral to oxidized state.  

In the case of PTFT-AuNP composite film, there exist and absorption band due to AuNP besides the 

400 nm π-π* transition band of polymer film. Upon oxidation, composite exhibits an absorption band 

at about 750 nm. This polaron band is red shifted about 25 nm compared to polaron band of PTFT. 

Also, composite has a clear isosbestic point at 590 nm. In the case of PEFE-AuNP composite, the 

absorption band due to AuNP was observed at about 570 nm in its neutral form. Similiar to PTFT-

AuNP composite, isosbestic point of this composite is well-defined and observed at about 520 nm. 

The band gap values of polymers PTFT, PEFE and their composites PTFT-AuNP and PEFE-Au NP 

were also determined. These values are calculated as 2.36 eV and 2.26 eV for PTFT and PEFE and 

2.24 eV and 2.21 eV for PTFT-AuNP and PEFE-AuNP composites, respectively. 
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Şekil 20: Optical absorption spectra of a) PTFT on ITO b) Optical absorption spectra of PTFT-AuNP  

composites on ITO electrode electrode in 0.1 M TBABF4/ACN  at potential range between 0.0V and 

1.20V. 
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Figure 21: Optical absorption spectra of c) PEFE on ITO d) PEFE-AuNP composites on ITO 

electrode electrode in 0.1 M TBAPF6/ACN at potential range between 0.0V and 

 

c 
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Table 1: Colors of the PTFT, PEFE on ITO electrodes in their neutral and oxidized state 

 

 

 

 

 

3.4.2. Comparison of Kinetic Properties of Polymers and Composites 

 

Comparison of polymers and composite materials regarding their kinetic properties is one of the 

beneficial way to investigate AuNP effect on polymer.  Due to its importance in electrochromic 

applications, investigation of switching times and optical contrast of the polymers and their 

composites on ITO were also done under square wave input of 0.0 V and 1.25 V for PTFT and 0.0 V 

and 1.23 V for PEFE in 10 s intervals by monitoring the visible transmittance and the results are 

tabulated in Table 2. As seen from Table 2, the percent transmittance (∆%T) between the neutral and 

oxidized states of PTFT  film was found to be 16.71% and it decreases to 6.59% for its composite at 

470 nm. Same effect was also observed for PEFE. PEFE has value of percent transmittanece % 27.72 

between its neutral and oxidized states at 460 nm. When Au is adsorbed on the polymer surface, % 

transmittance decreases to 23.22%. Thus, it can be clearly concluded that AuNP has a has negative 

effect on transmittance values of the polymers . 

 

On the other hand, time required for change in redox states of both  polymers has improved after Au-S 

interaction. That is, PTFT/Au composite can oxidize more quickly which is about one third of the 

PTFT’s oxidation time. Similiarly, oxidation time of PEFE dropped from 2.19 s  to 1.94 s after 

composite preparation. 
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The other parameter for electrochromic applications is the coloration efficiency values of the 

polymer.The CE were found to be 503.9 cm
2
/C at 470 nm for PTFT film, 1050.0 cm

2
/C at 460 nm for 

PEFE film. These relatively high CE value of polymers unfortunately, decreased to 75.4 and 148.7  

cm
2
/C  for PTFT/Au and PEFE/Au composites, respectively. 

 

Table 2:  Optical and electrochemical properties of PTFT, PEFE, PTFT/AuNP and PEFE/ AuNP 

composites. 

 

 

PTFT PEFE 
PTFT-Au NP 

composite 

PEFE-Au NP 

composite 

Em
ox

 (V) 1.12 1.24 - - 

λmax (nm) 470 
370 

460 

550 shld. 

470 

600 shld. 

370 

460 

Eg (eV) 2.36 2.26 2.24 2.21 

∆%T   16.71 27.72 6.59 23.22 

Color 

Yellow            

(neutral) 

Dark green 

(oxidized) 

Yellow       

(neutral)  

Parliament 

blue     

(oxidized)  

- - 

ts (s) 0.83 2.19 0.34 1.94 

CE95% 

(cm
2
/C) 

503.9 1050.0 75.4 148.7 

 

 

3.4.3. Comparison of Fluorescence Properties of Polymers and Composites 

 

Fluorescence is the emission of light by a substance that has absorbed light or other electromagnetic 

radiation. The emitted light has a longer wavelength, and therefore lower energy, than the absorbed 

radiation.  Since both polymers synthesized in this work, PTFT and PEFE, are polyfluorene 

derivatives with blue light emission, we have also investigated the effect of AuNP on the fluorescence 

emissions of both polymers. For this purpose PTFT and PTFT-AuNP composite were dissolved in 

toluene and these solutions were excited at 353 nm. Emission spectra were recorded between 375 nm 

and 700 nm and the results are given in Figure 21. As it could be seen from Figure 21a, PTFT 

solution has maximum emmision intensity at about 400 nm and 500 nm. (λmax = 492 nm). However, 

after immersing it in AuNP solution, there is a significant decrease in the emmision intensity of 500 

nm emission band of PTFT. It is clearly seen that AuNPs have quenching effect on the polymer 

fluorescence intensity. Similiar results were obtained for the PEFE and PEFE-AuNP composite 

fluoresence spectra. Firstly, PEFE and PEFE-AuNP composite were dissolved in toluene. Both 

solutions were excited at 360 nm and their emmision spectra were recorded in 400-600 nm region. An 

inspection of figure 21b indicates that PEFE emits light with a maximum intensity at about 400-450 

nm (λmax =417 nm), however, a quenching effect was also noted for PEFE-AuNp composite material. 

In Table 3, quenching effect of AuNPs on fluorescence emissions of polymers could be clearly 

observed. 

 

 

http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation
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Figure 22: Fluorescence spectra of a) PTFT and PTFT/ AuNP composite b) PEFE and PEFE/ 

AuNP composite solution in toluene at room temperature 
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Table 3:  Fluorescence emissions of PTFT, PEFE, PTFT/AuNP, PEFE/ AuNP composites  in toluene 
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CHAPTER 4 

 

 

CONCLUSION 

 

 

 

In this study, syntheses of two new monomers; 2-(9,9-dihexyl-2-(thiophen-2-yl)-9H-fluoren-7-

yl)thiophene (TFT) and 5-(9,9-dihexyl-2-(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-9H-fluoren-7-yl)-

2,3dihydrothieno[3,4b ][1,4] dioxine (EFE) were successfully achieved. Then, monomer 

characterizations were done by spectroscopic techniques (1H NMR, 13C NMR and FTIR). 

Additionally, syntheses of polymers, PTFT and PEFE, were achieved by common electrochemical 

methods which are potential cycling and constant potential electrolysis. These monomers were 

characterized with cyclic voltammetry and UV-vis spectrometry. 

 

In the second part of the study, Au NPs were synthesized and polymer-Au NP composites prepared by 

dipping polymer coated ITOs into the AuNP solution with different time intervals. Deposition of 

AuNP onto polymer surface was controlled with UV-vis spectrometer, which gives signal due to 

surface plasmon resonance.  Deposition of AuNPs was also proved by SEM according to different 

dipping time of polymers in Au NP solution. After that, polymer and their composites were compared 

regarding their optical and fluorescence properties. 

 

According to optical results, AuNPs have mostly negative effect on polymer properties. CE and ∆%T 

values reduce for composites of both polymers PTFT and PEFE. Although PTFT and PEFE have 

relatively high CE values, which are 503.9 and 1050.0 cm
2
/C, respectively, their composites have 

lower CE values. ∆%T values were found to be low for both polymers and their composites. However, 

both polymers exhibit relatively shorter switching time values after Au adsorbed on the polymer 

surface. Also, a slight decrease in the band gap values (Eg) of polymers were observed after composite 

preparation. Eg values drops from 2.36eV to 2.24eV for PTFT and, from 2.26eV to 2.21eV for PEFE. 

 

Fluorescence results indicated that AuNP have quenching effect on the emmisin intensities of PEFE 

and PTFT. There is a significant decrease in the emmision intensity of PTFT at 500 nm after AuNP 

interaction. Similiar results were obtained for the PEFE fluorescence emission intensity. There is a 

decrease of the maximum emission intensity about 425 nm indicating AuNP squenched its emission. 
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APPENDIX A 

NUCLEAR MAGNETIC RESONANCE SPECTRA OF TFT AND EFE MONOMERS 

 

 

 
 

 
 

 

Figure A.1. 
1
H NMR and 

13
C NMR of  TFT monomer 
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Figure A.2. 
1
H NMR and 

13
C NMR of EFE monomer                   
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APPENDIX B 

FTIR SPECTRA OF MONOMERS AND POLYMERS 

                         

 
 

Figure B.1. FTIR spectrum for monomer TFT and its polymer PTFT 

 

 
 

Figure B.2. FTIR spectrum for monomer EFE and its polymer PEFE 

 

 

 

 

 

 

 

 

 

 

 

 


