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ABSTRACT 

Photocatalysis is the catalytic process classified as chemical method of waste water treatment. It can be 

carried out by using a photocatalyst such as metal oxides (TiO2, ZnO,...). Thus, in this paper, in-situ 
synthesized nanocomposite of conducting polymer poly(3,4-ethylenedioxythiophene) (PEDOT) in the 

presence of ZnO nanoparticles was studied. The role of the conducting polymer was to increase the 

photocatalytic activity of photocatalyst under simulated Solar irradiation. During the synthesis of PEDOT 
with ammonium persulfate (APS) the ratio of monomer: oxidant was varied (1:2; 1:3; 1:5) and obtained 

samples are denoted as PEDOT/ZnO (1:2), PEDOT/ZnO (1:3) and PEDOT/ZnO (1:5). Synthesized 

photocatalysts were characterized by infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning 

electron microscopy (SEM) and thermogravimetric analysis (TGA). Photocatalysis is carried out under UV-
A and simulated Solar irradiation where the efficacy of azo dye Reactive Red 45 (RR45) removal from water 

was followed by monitoring discoloration using UV/Vis spectroscopy. From the results of photocatalytic 

activity it can be seen that the lowest efficiency of degradation show nanocomposite with higher 
concentration of PEDOT polymer. TGA thermograms of PEDOT/ZnO nanocomposites synthesized by 

various ratio monomer:APS oxidant indicate different structure of PEDOT and its concentration in samples.  

 

1. INTRODUCTION 

Conducting poly(3,4-ethylenedioxythiophene), PEDOT (structure shown in the inset in Fig. 1), has 

properties like high stability, high electrical conductivity and a low band gap of approximately 1.6 eV 

making this material a candidate for many industrial applications in the conducting polymer family [1,2]. 
There are several methods which can be used to chemically polymerize EDOT monomer in the presents of 

oxidizing agents such as FeCl3, APS, etc. Among the many condition of synthesis the ratio of 

monomer:oxidant is very important due to strong influence on the PEDOT molecules structure and its 
conductivity. Higher ratio of the monomer: oxidant contribute to branching and crosslinking of polymer 

while the lover ration (higher than 1 lower then 2) results in formation of more linear polymer. Because of 

that in this work the effect of the monomer:oxidant ratio (EDOT:APS) was studied. PEDOT polymer was in 
situ synthesised with ZnO catalyst and three composite samples were prepared; PEDOT/ZnO (1:2), 

PEDOT/ZnO (1:3) and PEDOT/ZnO (1:3) where the ratio monomer:oxidant was kept to 1:2; 1:3 and 1:5. 

For such prepared PEDOT/ZnO catalysts validation of their photochatalitic activity was determined by 

degradation of Reactive Red 45 dye in waste water.   

 

2. EXPERIMENTAL 

2.1. Materials  
Monomer 3,4-ethylenedioxythiophene (EDOT), 99% (Acros Organics), Ammonium persulfate (NH4)2S2O8, 

(Kemika), Zinc oxide nanoparticles (ZnO), (Sigma-Aldrich) BET 15-25 m
2
/g, Hydrochloric acid (HCl) 37% 

(Carlo Erba Reagents). 

 

2.2. Synthesis of poly(3,4-ethylenedioxythiophene)/ZnO nanocomposite photocatalysts 

The synthesis of PEDOT/ZnO photocatalyst was carried out by chemical oxidative polymerization with 
ammonium peroxydisulfate (NH4)2S2O8 (APS) used as oxidant. Three different samples were synthesized in 

the presence of ZnO nanoparticles with three monomer:oxidant ratio (EDOT:APS = 1:2, 1:3, 1:5) The molar 

ratio of monomer EDOT:ZnO was 0,36. EDOT monomer (0.009 mol) and ZnO (0.025 mol) were dispersed 
in 150 ml of water and stirred for 30 mins. After that 100 ml of APS solution (0.018 mol) was added and 
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polymerization reaction was carried out for 24 h at room temperature under an inert nitrogen atmosphere. 

The synthesized PEDOT/ZnO precipitate was obtained through centrifugation and then washed with distilled 

water and ethanol several times to remove the redundant oxidant and finally dried at 60 ºC under vacuum for 
24 h. Obtained sample was denoted PEDOT/ZnO (1:2). The same procedure was used for other samples 

where 0.027 mol and 0.045 mol of APS was used. At the same conditions pure PEDOT polymers, without 

ZnO were prepared. 

2.3. Characterization of photocatalysts 
The samples were characterized by FTIR spectroscopy on the instrument FTIR Spectrum One, Perkin Elmer 

with ATR chamber. Samples were used in their basic powder form, without prior preparation. Spectra were 

recorded in wavelength range 4000-650 cm
-1

. 

For determination of the sample thermal stability and conversion of EDOT to PEDOT, TGA analyzer Q500, 

TA Instruments was used. The weight of samples was cca. 10 mg, heating rate was 10 °C/min in an air 

atmosphere in temperature range from 25 °C to 600 °C. 

The crystal structure of nanocomposites was characterized by X-ray diffraction analysis (XRD) on a 
Shimadzu XRD-600 instrument. Measurement was performed under the conditions: 2Ɵ angle from 5° to 70°, 

step 0.02°, 0.6 s/step. 

Morphology was determined by scanning electron microscopy on Tescan Vega 3 instrument. Prior to 
measurement surface was sputter coated with Au/Pt layer. 

 

2.4. Photocatalytic activity 
The photocatalytic activity of synthesized polymer photocatalyst was determined by monitoring the 

degradation of Reactive Red 45 (RR45) dye initial concentration 30 mg/l, with the photocatalysts 

concentration 1 g/l. Photocatalysis was performed in 0.1 l batch reactor with a magnetic stirrer at room 

temperature. Percentage of removed dye was followed by UV/Vis spectroscopy. The UV-A lamp Pen Ray 
UVP (254 nm) and solar irradiation simulator Oriel Newport (Osram XBO 450 W lamp) were used as 

irradiation source). Before the start of the photoreactions adsorption equilibrium was reached within 30 

minutes in a dark. The photocatalysis process lasted for 90 minutes and the samples were taken periodically 
from reactor every 15 minutes. Before each measurement, the samples were filtered using Chromafil XTRA 

RC (25 mm, 0.45 microns) filters. 

To monitor the process of photocatalytic degradation of RR45 dye UV/Vis spectrophotometer Perkin Elmer 
Lambda EZ 201 was used at λmax = 542 nm. RR45 in its structure contains an azo group -N=N- which 

absorbs light at that wavelength. 

 

3. RESULTS AND DISCUSSION 

3.1. FTIR analysis  
PEDOT/ZnO composite photocatalysts were recorded by FTIR spectroscopy and the main vibrations 

appearing in the region 1700600 cm
-1

 in the spectra are shown in Fig. 1. Vibrations at 1481 and 1363 cm
-1

 

originate from the stretching of CC and CC in the thiophene ring [3]. Vibrations from the CS bond in the 
thiophene ring can be seen at 988, 904 and small vibration at 685 cm

-1 
[4]. Vibrations at 1285, 1237 and 1063 

cm
-1

 are assigned to stretching in the alkylenedioxy group (COROC) [3,4].  
According to the literature [5] characteristic vibration at FTIR spectra for the poly (3,4-

ethylenedioxythiophene) conducting polymer can be found on different position and can differ to p- doping, 
n-doping and neutral PEDOT. The FTIR bands at vibrational below 1200 cm

-1
 are similar for the p- and the 

n-doped structures, besides differences in the relative intensities. Above 1200 cm
-1

 difference in the p- and n-

doped forms are observed: the band at 1513 cm
-1

 is missing in the n-doped form and instead of the band at 
1315 cm

-1
 in p-doping two new bands at 1285 and 1237 cm

-1
 are seen in n-doping. 
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Figure 1. FTIR spectra of PEDOT/ZnO samples synthesized by various ratio of monomer:APS oxidant  
(1:2; 1:3; 1:5) 

 

The additional bands induced by doping are present at spectra: 1150, 1090 and 988 cm
-1

. The relative 
intensities of the bands are different in the two differently charged forms. The intensities of the bands in n-

doping are generally lower than the intensities of fully p-doped material. For the all three studied samples the 

same vibration bands are observed with some slight variations. In the region 730-690 cm
-1

 higher 

concentration of CS bonds and higher vibration intensity at 988 cm
-1
 was indicated and showing increased 

doping of PEDOT/ZnO (1:2) sample. Higher vibration intensity at 11501130 cm
-1

 and at 10901040 cm
-1

 

due to higher concentration of the –CO bonds indicate some crosslinked or branched polymer structure for 

PEDOT/ZnO (1:3, 1:5) samples. The appearance of vibrations in the region at 1600 to 1680 cm
-1

 indicates 
the existence of carbonyl groups, which is related to the side reaction such as overoxidation. That decrement 

of conductivity represents nonconductive side-chains on the conductive PEDOT backbone. 

 

3.2. TG analysis  

TG curves in Figs. 2 and 3 shows temperatures of weight loss of pure PEDOT conducting polymers and their 

composites with ZnO, respectively.  

 

Figure 2. TG curves of PEDOT samples synthesized by various ratio of monomer:APS oxidant  
(1:2; 1:3; 1:5) 
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The pure PEDOT samples (Fig. 2) are rather stable up to the temperature of 250 °C where major 

decomposition occurs in the region between 250 and 350 °C (70 %) with the second smaller step of 

degradation between 350 and 500 °C.  

 

Figure 3. TG curves of PEDOT/ZnO samples synthesized by various ratio of monomer:APS oxidant (1:2; 

1:3; 1:5) 
 

Small weight loss around 50 °C to 150 °C (about 2-3 %) corresponds to the vaporization of adsorbed water. 

The weight loss at temperatures above 250 °C may be attributed to the degradation and decomposition of the 
PEDOT main chains [6]. Sample PEDOT (1:2) above 325 °C shows lower thermal degradation than other 

samples. This can indicates various structure and conductivity variation of polymers formed during the in 

situ synthesis [7]. PEDOT-ZnO composites show major differences depending on monomer:oxidant ratio. 
From Fig. 3 it can be seen that at lowest ratio 1:2 weight loss is only around 3 %. Since the ZnO is 

completely stable up to 600 °C that weight loss can be contributed to degradation of organic polymer. As the 

ratio increases residue decreases as a consequence of higher amount of polymer in the composite. These TG 

curves show that higher monomer/oxidant ratio has influence on polymer structure, conductivity and 
contributes to obtain significantly higher conversion of monomer to polymer in the composites. 

 

3.3. XRD analysis  
Figure 4 shows XRD diffraction patterns of synthesized PEDOT/ZnO samples. For all samples very intense 

peaks with maximums at 2Ɵ = 31.7°, 34.3°, 36.2°, 47.4°, 56.5°, 62.8°, 67.8° and 69.0° are visible (JCPDS 

Data Card No: 36-1451) [8]. These peaks characterize the hexagonal ZnO wurtzite structure and since their 

intensity is about 30 times higher than the intensity of the amorphous PEDOT, the peaks of polymer are not 
possible to identify. However, it is notable that the peak intensity of ZnO decreases with increase of 

polymers concentration in composites which is clearly seen when samples (1:2) and (1:5) are compared. 

Further on, small peak can be discerned at 25° (Figure 4, inset) which is characteristic for the pure PEDOT 
and confirms its amorphous nature [9]. The XRD results show that by increasing the monomer:oxidant ratio 

polymer covers the surface of ZnO photocatalyst significantly. 
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Figure 4. XRD diffractograms of PEDOT/ZnO samples synthesized by various ratio of monomer: APS 

oxidant (1:2; 1:3; 1:5)  

 

3.4. SEM analysis  

To investigate the difference in morphologies of PEDOT/ZnO conductive polymer nanostructured 

composites in our experiments, SEM micrographs were analyzed  (Fig. 5). For PEDOT/ZnO (1:2) sample it 

is visible that only small fraction of polymer is present on ZnO particles which is consistent with TGA 
results. At the ration 1:3 and 1:5 more dense morphology is observed. SEM images of PEDOT/ZnO 

composite also suggest the development of PEDOT polymer over the surface of the zinc oxide. For the 

PEDOT/ZnO (1:5) sample spherical polymer PEDOT particles are clearly visible (Fig. 5c), which 
demonstrates the amorphous structure of pure PEDOT. This is confirmed by the results of XRD analysis, 

where also the same sample showed the highest amount of amorphous phase. 

   

Figure 5. SEM micrographs of a) PEDOT/ZnO (1:2), b) PEDOT/ZnO (1:3), c) PEDOT/ZnO (1:5) 

 

3.5. Photocatalytic activity 

The efficiency of the synthesized composite photocatalysts was examined by following the discoloration of 
RR45 dye in water during photocatalysis under UV-A irradiation (Figure 6) simulated Solar irradiation 

(Figure 7). Before the start of the photocatalysis it is necessary to achieve adsorption/desorption equilibrium 

and therefore samples were stirred in the dark for half an hour. In that period adsorption of RR45 onto the 
surface of ZnO catalyst takes place because of the established interactions between the dye molecules and 

the catalyst. The highest degree of adsorption was observed for ZnO and PEDOT/ZnO (1:2) composite as 38 

% of dye was removed (Figure 6). The higher the amount of polymer in composite is, the lower is adsorption 

of dye onto its surface. It is well known that certain interactions need to be present during the photocatalysis 
because the degradation of the contaminant (RR45) occurs at the surface of catalyst [10]. Too high 

adsorption of contaminant onto the surface of catalyst can slow down or even postpone the photodegradation 

and reduce the efficiency of catalysts itself [11]. The highest rate of RR45 dye removal was achieved with 
pure ZnO catalyst where after 90 minutes only 2% of initial dye concentration still remains in the waste 

water. The photocatalytic efficiency of the synthesized composite photocatalysts (PEDOT/ZnO (1:2, 1:3, 
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1:5)) was significantly lower because 25 %, 82 % and even 91 % of RR45 dye, respectively, remains after 90 

minutes of irradiation.. The results obtained for PEDOT/ZnO (1:2) composite photocatalysts can be 

considered as satisfying.  

 

Figure 6. The discoloration of RR45 dyes during photocatalysis under UV-A irradiation by using a 

commercial ZnO and synthesized composite photocatalysts 

Photocatalysis under the simulated Solar irradiation was performed under the same conditions and results are 

given in Fig. 7. It can be seen that photocatalytic degradation of RR45 dye was significantly lower for all 

studied catalysts due to lower activation energy of Solar irradiation that consist of only 5 % of UV-A light. 
The very good results are obtained for pure ZnO because after 90 minutes 19% of RR45 remain in water 

while for the composite catalysts samples results are rather poor. Although, some efficiency of photocatalytic 

activates for PEDOT/ZnO (1:2) composite catalyst is observed. Here should be pointed out that it was 

expected of PEDOT polymer to establish synergic effect with ZnO catalysts in composite and improve 
photocatalysis process under Solar light. The results indicate absence of any synergic effect and on the 

contrary, higher concentration of PEDOT polymer in composite (sample (1:3) and particularly sample (1:5)) 

exhibit congestion of ZnO catalyst. That significantly reflects on their photocatalytic activity and poor 
photodegradation. These results indicate that PEDOT/ZnO (1:2) sample has the highest photocatalitic 

activity in comparison with other two samples ((1:3, 1:5)) indicating good conductivity and satisfying 

structure of the PEDOT molecules obtained during the syntheses as confirmed by characterization.  

 

Figure 7. The discoloration of RR45 dyes during photocatalysis under solar simulated irradiation by using a 

commercial ZnO and synthesized composite photocatalysts 
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4. CONCLUSIONS 

The results of characterization (FTIR, XRD, SEM) for the synthesized PEDOT/ZnO composite 

photocatalysts indicate that ratio of monomer:oxidant has the significant influence on the structure of 
obtained PEDOT polymer, which reflects on the properties. The results of validation of photocatalytic 

activity by degradation of RR45 dye show that PEDOT/ZnO (1:2) sample has the highest photocatalytic 

activity and good conductivity indicating that satisfying structure of the PEDOT was achieved only for this 

catalyst. 
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