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Polythiophene/graphene oxide thin films: optical properties 
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Thin films of polythiophene/graphene oxide (PTh/GO) were prepared using 
chronoamperometry. X-ray diffraction (XRD), Fourier transform infrared spectroscopy 
(FTIR), scanning electron microscopy (FESEM), UV-Vis spectroscopy, and 
photoluminescence spectroscopy (PL) were used for characterization purposes. PTh and 
PTh/GO thin films were achieved through chronoamperometry at a constant anodic potential 
of +1.9 V vs. Ag/AgCl. The PTh/GO thin films exhibited visible light absorption. The 
thicknesses of the thin films were approximately 2.42 µm. 
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1. Introduction 
 
The interest in polythiophene-based composites is based on their electrical conductivity, 

optical properties, thermal and chemical stability, and ability to create flexible devices. 
Polythiophene and its composites materials are now extensively researched for energy storage 
applications and electronic instruments, for example, batteries, fuel cells, light-emitting diodes 
(LEDs), supercapacitors, solar cells, anticorrosive coatings, sensors, etc. [1–4]. These polythiophene 
films can be prepared from the monomer by electrochemical or chemical polymerization techniques 
and demonstrate a range of electrical exploitable properties with also optical advantages related to 
this category of technology. In this regard, one important feature of the electrochemical method is 
that it allows for fabricating thin films with high quality film growth. 

Highly conductive materials have a very strong appeal in the area of printed 
macroelectronics and other electronic devices. The intention behind this is to remove heavy metal-
based current collectors with thin, flexible, light weight films which are highly conducting to further 
increase energy density of such devices. One possibility that appears quite attractive for film 
production is two-dimensionally shaped building units including graphene and reduced graphene 
oxide (rGO) nanosheets because are cheap and present a high aspect ratio, low percolation threshold 
and excellent flexibility. The focus on the development of graphene for flexible electronics has seen 
new applications like Cyberskin[5], wearable devices[6], and motion sensors[7]. However, graphene 
based materials are considered ideal candidates for electrically conducting components because they 
are bendable and flexible; nevertheless, the utilization of nanomaterials in electrochemical 
biosensors represents a novel approach towards electrochemical biosensor design [8–13]. 

Graphene oxide combined with polythiophene has been investigated for its synergistic 
potential due to the strong π-π* interactions that result from it between these materials leading to the 
creation of more ordered regions within composite enhancing overall performance. However, the 
use of these films in flexible optoelectronic devices and solar cells is still under investigation[14,15]. 
Several methods have been investigated to enhance the desired properties of different materials. 
Analyzing how various nanoparticles  sizes, shapes, even used as decorations, being impactful in 
the composites performance is one of the most often used techniques [1–3,16]. 

An in-depth analysis of the main polymer synthesis methods showed that the chemical 
oxidative approach, despite its cost-effectiveness, faces challenges due to harsh reaction conditions 
that might restrict the polymer's suitability for specific substrates, leading to contamination from 
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leftover reagents. However, chemical vapor deposition offers high-purity films and the capability to 
regulate coating layers. Nevertheless, the challenges of relying on costly, intricate equipment and 
the limited suitability for certain substrates that can endure the process conditions are evident 
[17,18]. However, the present research focuses on creating an uncomplicated and reliable technique 
for making polythiophene/graphene thin films using an electrochemical method. This method allows 
for control over the film's structure by adjusting factors like thickness and the range of substrates it 
can be applied to, including flexible ones [19].  

 
 
2. Experimental procedure 
 
2.1. Graphene oxide (GO) synthesis 
Using the Hummers method, graphene oxide was prepared by mixing pure graphite powder 

with concentrated sulfuric acid. Afterward, KMnO4 was poured into the reaction mixture. The 
reaction mixture was stirred for 30 min at room temperature and then heated to 35°C for another 
two hours with constant stirring. Next, distilled water was dropped slowly onto the mixture; external 
heating maintained a temperature of 100°C for 15 min. In order to remove excess KMnO4, 30% 
H2O2 was added dropwise and left overnight in room temperature. Following synthesis, the filtrate 
contained none of the starting materials and the obtained residue was washed with both 10% HCl 
and distilled water. 

 
2.2. Polythiophene (PTh) and PTh/GO electrodeposition 
PTh deposition was performed via chronoamperometry using a PGSTAT302N Metrohm 

Autolab potentiostat. A typical three-electrode electrochemical setup with ITO glass as the working 
electrode, platinum wire as the counter electrode, and saturated Ag/AgCl as reference electrode was 
used for all experiments which were executed at room temperature. The solution contained 0.5 M 
thiophene monomer and 0.1 M tetrabutylammonium hexafluorophosphate (Bu4NPF6) dissolved in 
dried acetonitrile to obtained PTh thin films with a fixed potential of +1.9 V vs Ag/AgCl. To prepare 
PTh/GO thin films, GO powder was added to the electrochemical cell under the same conditions.  

 
2.3. Characterization techniques 
The morphology and size of the GO were determined by field emission scanning electron 

microscopy (FESEM) using JEOL JSM6701F. The crystalline structure of the samples was 
measured by X-ray diffraction (XRD) on a Bruker AXS diffractometer with a CuKα X-ray source 
of wavelength λ = 1.54184º in a scan speed of 0.05º/min over a range of diffraction angles from 20º 
to 90º. All organic samples were measured by attenuated total internal reflection and Fourier 
transform infrared (ATR-FTIR) spectroscopy in the range 500-4000 cm-1 using a Perkin Elmer 
Spectrum Two spectrophotometer. Electrochemical measurements were conducted on a Metrohm 
Autolab PGSTAT302N instrument. Optical absorption spectra were recorded using Shimadzu UV-
1800 UV-Vis spectrophotometer while fluorescence spectroscopy was measured through Perkin 
Elmer LS55 fluorescence spectrometer. 

 
3. Results and discussion  
 
3.1. Graphene oxide synthesis  
3.1.1 X-Ray diffraction (XRD) 
In Figure 1 we can see the XRD patterns of graphite and GO, which demonstrate different 

degrees of oxidation. The graphite sample exhibits a strong and sharp peak at approximately 2θ = 
26.5º, corresponding to the (002) reflection plane, and two relatively weak intensity peaks at 
approximately 2θ = 44.5º and 54.5º, as shown in Figure 1(a). Compared with the graphite sample, 
the GO sample in Figure 1(b) exhibits a strong peak at a lower diffraction angle at 2θ = 9.9º, while 
the characteristic peak of graphite loses its intensity at 2θ = 20.4º. This change was attributed to the 
interlayer spacing, indicating the presence of oxygen-containing functional groups within the GO 
structure [20].  
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(a)                                                                              (b) 

 

Fig. 1. XRD patterns for graphite(a) and graphene oxide(b). 
 
 
3.1.2 Fourier transform infrared spectroscopy (FTIR) 
Graphite powder and graphene oxide FTIR spectra are presented in Figure 2. Chemical 

inertness accounts for the absence of a major peak in the FTIR spectrum of pristine graphite. This 
contrasts with the GO FTIR spectrum having several oxygen-containing functional groups 
introduced during the oxidation process. The absorption peaks include a very intense band at 3425 
cm-1 for the O-H stretching vibration of COOH functional groups within its structure. Weaker peaks 
at 1720 cm-1 and 1630 cm-1 were assigned to the C=O stretching vibration due to carbonyl, and the 
C=C stretching vibrations respectively. Additionally, weak bands located at 1400 cm-1, 1228 cm-1, 
and 1113 cm-1 show O-H deformation, C-O stretching vibration of epoxy groups and C-O stretching 
vibration of alkoxy groups respectively. 

 
 

 
 

Fig. 2. FTIR spectra of graphite and graphene oxide synthesized. 
 
 
3.1.3. Field emission scanning electronic microscopy (FESEM)  
Figure 3 shows a typical SEM image of GO, which shows a sheet morphology, indicating a 

good exfoliation process of graphite. 
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Fig. 2. SEM image of graphene oxide sheets synthesized. 
 
 
3.2. GO/PTh thin films 
3.2.1. Cyclic voltammetry analysis (CV) 
The synthesis of polythiophene films begins with the oxidation of the monomer. This step 

involves subjecting the monomer to an appropriate oxidation potential, which promotes the 
formation of monomer cations. These cations then concentrate at the surface of the working 
electrode, leading to the formation of a thin film. Doping and de-doping represent reversible 
processes that maintain the integrity of the polymer backbone. Nonetheless, under conditions of high 
potential, conductive polymers experience a mechanism of over-oxidation, a process that is not fully 
comprehended. This irreversible mechanism leads to accelerated structural degradation and a 
significant loss of electroactivity [21]. The cyclic voltammograms for thiophene and Bu4NPF6 in an 
acetonitrile solution obtained at 5 mV/s are shown in Figure 4. Voltammogram shows typical 
electrochemical behavior of PTh with an oxidation peak at +1.3 V associated with a p-doped state, 
functionalized polymers such as 3-bromo-4-dodecylthiophene exhibits oxidation peaks at +2.4V 
using the same support electrolyte showing that different reagents (halogenated thiophene monomer) 
might change the potential window for polymer formation [22]. The obtained thin films exhibit a 
thickness of 2.03 µm which can be regulated by adjusting the reaction time and/or the concentration 
of monomer. 

 
 

 
 

Fig. 4. Cyclic Voltammetry curves of PTh in dried acetonitrile containing 0.1 M Bu4NPF6 at  
a scan rate of 5 mV/s. 

 
 



1203 
 

3.2.2. Chronoamperometry 
Polythiophene and polythiophene/GO thin films were successfully produced via 

chronoamperometry, conducted under a stable anodic potential of +1.9 V, this increase in the 
potential needed to synthesize the film could be due to interference because of the presence of other 
substances (GO) in the electrochemical cell because with lower voltages the film wouldn’t form on 
the substrate. Figure 5 shows the typical behavior of the electrodeposition of PTh/GO, where the 
initial high current is associated with the oxidation and nucleation of the oligomer chains in the 
solution near the ITO surface. After nucleation, the current (2.7 mA) remained constant over time, 
indicating that the oligomer chains reached a molecular weight to precipitate on the electrode 
surface, forming PTh/GO thin films. The obtained thin films had a thickness of 2.42 µm. The 
thickness shows time dependence, and with increasing time, the film thickness also increases until 
monomer depletion and oligomer precipitation are reached.  

 
 

 
 

Fig. 5. Chronoamperometry curve of PTh/GO on ITO substrate. 
 
 
3.2.3. UV-visible analysis 
The UV-visible spectrum of PTh/GO thin film is shown in Figure 6. The optical spectrum 

shows a strong absorption at around 336 nm associated with 𝜋𝜋–𝜋𝜋* transition while the strong 
absorption at around 485 nm is due to the bipolaron state of the polythiophene[23]. The presence of 
bipolarons can cause additional absorption peaks in the UV-Vis spectrum that are absent in the 
spectrum of the neutral (undoped) polymer. The absorption bands of polarons are generally more 
broad than those observed in neutral species, providing valuable insights into the types of charge 
carriers present in the material[24]. 

 

 
 

Fig. 6. Absorption spectrum of PTh/GO on ITO substrate. 
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3.2.4. Photoluminescence analysis (PL) 
The PL spectrum of PTh/GO thin film is depicted in Figure 7. Upon excitation at 450 nm, 

the composite film exhibited three distinct peaks at wavelengths of 496, 536, and 612 nm. These 
peaks correspond to σ*-n, 𝜋𝜋–𝜋𝜋* and 𝜋𝜋*-n electronic transitions, respectively. A wider peak 
indicative of 𝜋𝜋–𝜋𝜋* emission was observed in the composite film associated with the sp2 carbon 
atoms derived from both graphene oxide and polythiophene. A conjugated polymer, such as 
polythiophene, can display redshifts in its absorption peaks, which are influenced by factors such as 
molecular structure, conjugation length, excitation energy and interactions with other materials. This 
phenomenon has significant implications for their application in organic electronics and 
optoelectronic devices[25]. 

 
 

 
 

Fig. 7. Emission spectrum of PTh/GO on ITO substrate. 
 
 
 
 
 
4. Conclusions  
 
This work reports on the electrochemical synthesis of polythiophene/graphene oxide. The 

graphene oxide was obtained previously using the Hummers method. The bipolaron state of the 
polythiophene and the 𝜋𝜋–𝜋𝜋* transition in the thin films caused optical absorption at 485 nm and 366 
nm. While the emission properties indicate a strong 𝜋𝜋–𝜋𝜋* emission due to sp2 carbon atoms present 
in graphene oxide and polythiophene. The effect of the thickness over the electrodeposition time 
was also investigated.  
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