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Abstract  

Conjugated polymers have emerged as very active photocatalysts under visible light. Among 

these materials, nanostructured polypyrrole (PPy) has recently been used as photocatalyst for 

degradation of environmental pollutants under UV as well as visible light. In the present study, 

we specifically explored the photocatalytic activity of conducting PPy synthesized by 

radiolysis, either in water (PPyH2O) or in dichloromethane solvent (PPyDCM), in the absence of 

any external dopant or template. The successful preparation of both kinds of conducting 

polymers was confirmed by complementary spectroscopic techniques and morphological 

characterizations. Besides, the photocatalytic activity of both materials was evaluated in the 

degradation of phenol as model pollutant in aqueous solution. PPyH2O as well as PPyDCM were 

found to exhibit remarkably high photocatalytic activity under both UV and visible light. These 

organic photocatalysts remain very stable after several cycles and thus, easily reusable. 

Interestingly, PPyDCM clearly appears as the most efficient photocatalyst due to its longer chain 

length, highly doped nature, lower optical band gap and extended absorption band from the UV 

to the near infrared region. The present work definitely validates radiation chemistry as an 
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alternative approach to synthesize conducting polymer-based photocatalysts. The obtained 

results also highlight that the radiosynthesized PPy, especially those prepared in 

dichloromethane, constitute promising candidates for photocatalytic depollution of water. 

 

 

1. Introduction 

Photocatalysis is one of the green and powerful chemistry that processes for reducing 

environmental immerging pollution in liquid and air media. However, for better employing this 

technology, there are many challenges to achieve such as: i) designing new materials with low 

energy band gap and extended photocatalytic activity under visible light (to efficiently exploit 

the solar energy), and ii) providing high stability to these materials for better reusability. 

Solar light is composed by only 4-5% of UV. Thus, for a better use of solar light, it is 

important to develop photocatalytic materials which are active under visible and infra-red light. 

TiO2 (Upadhyay et al., 2019) is the most commonly studied photocatalytic material. 

Nevertheless, the limitations in its applications result firstly from its low quantum yield due to 

fast charge carriers (electron/hole, e-/h+) recombination and secondly from its activation which 

occurs only under UV-irradiation because of the value of its band gap (3.2 eV for anatase and 

3.0 eV for rutile) (Ohtani et al., 2010). Therefore, several strategies have been developed for 

modification of titania based materials in order to increase their activities under visible light, 

such as chemical doping (with C, N, S) (Xu et al., 2010), surface modification with metal 

nanoparticles (NPs) (including plasmonic metal NPs) (Kowalska et al., 2010; Mendez-Medrano 

et al., 2016a, 2016b; Basavarajappa et al., 2020) or coupling with other low band gap 

semiconducting materials (Sanchez-Rodriguez et al., 2018) to produce various kinds of titania 

composites (Ge et al., 2019).  

Despite efforts to synthesize and improve the efficiency of such TiO2-based photocatalytic 

materials, some drawbacks still remain such as complexity in synthetic methods, inhibition of 

oxygen radicals production and charge recombination with dopants (Liu and Chen, 2008) which 

weakens the separation of e-/h+ pairs. In this context, the use of alternative synthetic routes, 

especially radiolytic ones, and the development of new classes of promising photocatalysts, like 

conducting polymers, should be considered as robust and optimal solutions for the 

aforementioned limitations. In particular, such a strategy can open up the door to the efficient 

use of these amazing organic nanostructures for photocatalytic applications, especially for 
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photodegradation and mineralization of organic compounds (Floresyona et al., 2017; Ghosh et 

al., 2015a, 2015b). 

Interestingly, conjugated polymer nanostructures recently appeared as very active under UV 

as well as visible light, for air and water treatment including water splitting (Ghosh et al., 2015a, 

2015b, 2017; Patel et al, 2020). Also, in our recent works, their photocatalytic activity under 

visible light was shown to surpass even that of plasmonic TiO2 towards pollutant removal 

applications. Among organic photocatalysts, polypyrrole (PPy) which is considered as one of 

the most promising conjugated polymers in the field of photocatalysis, can be synthesized by 

chemical route (Cui et al., 2014), by the way of water radiolysis (Bahry et al., 2021b; Cui et al., 

2014) and by using templates such as hexagonal mesophases (Yuan et al., 2019). Note that 

among the latter, PPy nanostructures synthesized in hexagonal mesophases displayed 

interesting photocatalytic activity for water treatment under visible light and for hydrogen 

generation (Yuan et al., 2021, 2020). These previous studies highlighted the fact that PPy 

nanostructures present different photocatalytic activities depending not only on the synthetic 

route but also on the solvent used during synthesis. Also, the efficiency of PPy as photocatalysts 

was shown to depend on polymer morphology, particles size, as well as on optical and chemical 

states (Stejskal, 2020; Yuan et al., 2019). 

In this context, we propose in the present work a facile and environmentally friendly 

radiolytic synthesis of polypyrrole photocatalysts in both aqueous solution (PPyH2O) and 

organic solvent, namely dichloromethane (PPyDCM). The first aim is to easily prepare efficient 

and reusable photocatalysts without using any external dopant and any template and second to 

compare the photocatalytic activity of radiosynthesized PPy materials with those of conjugated 

polymer based photocatalysts already described in literature. A particular emphasis will be put 

on PPyDCM synthesized by radiolysis in dichloromethane which is shown in the present work to 

be not only a very good and efficient candidate for photocatalytic degradation of organic 

pollutants, such as phenol, but also very stable with cycling. 

 

 

2. Experimental 

2.1. Reagents, atmospheres and solvents 

Pyrrole, Py, (98% purity) was used as monomer for polypyrrole (PPy) synthesis. 

Dichloromethane (DCM) anhydrous (≥ 99.8%, purchased from Sigma-Aldrich) and distilled 

water (Millipore system 18.2 MΩ cm) were used as solvents. Nitrous oxide (N2O) and Nitrogen 
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(N2) (from Air Liquid Co. with purity 99.99 %) were respectively used for degassing aqueous 

or dichloromethane solutions before γ-irradiations. Phenol (≥ 99.5% purity) was used as an 

organic model pollutant. Acetonitrile (ACN) (≥ 99.9%, purchased from Sigma-Aldrich) was 

used for HPLC measurements. All reagents were used as received without any further treatment 

or purification. All experiments were performed at room temperature. 

 

2.2. Preparation of polymer-based photocatalysts 

For the preparation of our organic PPy-based photocatalysts, we followed the radiation-

based methodology developed in our previous studies (Cui et al., 2014; Bahry et al., 2021b) 

with some modifications in terms of Py monomer concentrations and irradiation doses. In the 

present work, two Py monomer solutions were prepared with two different solvents, water and 

dichloromethane, under two different atmospheres (Scheme 1). In the first solution, Py 

monomers were dissolved in water at a concentration of 20 mM. The solution was then degassed 

for 20 minutes under N2O. In the second solution, Py monomers, also at a concentration of 20 

mM, were dissolved in DCM and the solution was then degassed for 20 minutes under N2.  

Both prepared solutions were then placed under g-irradiation at an irradiation dose of 72 kGy 

at a dose rate of about 4 kGy.h-1. The irradiations were performed with a 60Co panoramic γ-ray 

source. The irradiation dose chosen for both solutions is totally justified and reasoned. Indeed, 

as explained in our previous works, water radiolysis under N2O leads to the generation of 

hydroxyl radicals (HO.) which efficiently oxidize Py monomers leading to their polymerization 

(Cui et al., 2014; Bahry et al., 2021b). In particular, it was shown that an irradiation dose of 72 

kGy is required for the quantitative polymerization in water of Py (20 mM) into PPy polymers 

(PPyH2O), according to Scheme 1. On another hand, we also demonstrated that chloromethyl 

(CH2Cl.) and dichloromethyl (CHCl2.) radicals, produced during DCM radiolysis under N2, also 

quantitatively oxidize Py monomers (Bahry et al., 2020, 2021a, 2021b). Based on our work 

(Bahry et al., 2021b), the dose needed for the quantitative polymerization in DCM of Py (20 

mM) into PPy polymers (PPyDCM) is once again 72 kGy, according to Scheme 1. 

Irradiation at 72 kGy of both samples (Py in water or in DCM) led to two black, aqueous 

and organic, suspensions. The irradiated solution of PPyH2O was centrifuged at 8000 rpm for 30 

minutes. A black PPyH2O precipitate was then obtained. Differently, after irradiation, DCM 

solvent was removed from the suspension of PPyDCM by using a rotary evaporator. A black 

PPyDCM precipitate was then obtained. PPyH2O and PPyDCM polymer deposits were then dried at 
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60°C for 24h to get the final black solid powders. Afterwards, these two solid samples were 

characterized by complementary techniques and finally used as photocatalysts. 

 

2.3. Characterization of polymer materials 

UV-Vis absorption spectroscopy. This technique was used to check the optical properties in 

solution of Py monomers before irradiation and those of PPyH2O and PPyDCM polymers 

radiosynthesized in water and DCM at 72 kGy, respectively under N2O and N2 atmospheres. A 

HP 8543 spectrophotometer was used to measure the absorbance of all solutions. 

Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) spectroscopy. 

ATR-FTIR spectroscopy was used for chemical characterization of radiosynthesized PPyH2O 

and PPyDCM polymers. The dried polymers were deposited and squeezed on the ATR support 

of the FTIR spectrophotometer. Measurements were recorded by using a Bruker Vertex 70 

FTIR spectrophotometer and infrared spectra were recorded between 600 and 4000 cm-1. 

X-ray Photoelectron Spectroscopy (XPS). XPS spectroscopy was used to identify the 

chemical states of dried PPyH2O and PPyDCM polymer powders. XPS analysis was conducted 

under argon atmosphere on a Thermofisher Scientific K-Alpha instrument equipped with an Al 

Kα monochromatic X-Ray source (Al-Kα, hn = 1486.7 eV). A spot of 400 µm with a 

hemispherical analyzer, operating at a pass energy of 200 eV and a step of 1 eV, was used for 

recording the general survey spectra. Differently, for the narrow scans, a pass energy of 50 eV 

and a step of 0.1 eV were used. Thermo ScientificTM Avantage software was used for treating 

and interpreting data acquisition. 

X-Ray Diffraction (XRD) analysis. XRD analysis was used to check the crystallinity of 

radiosynthesized PPyH2O and PPyDCM polymers which were first crushed and hand-milled in 

order to obtain fine powders. XRD characterization was conducted on an X-ray diffractometer 

PANalytical X’pert pro MPD with X’celerator acquisition system. The Cu Kα1 radiation (λ = 

1.54059 Å) radiation was used as the X-ray source. The intensity detected was recorded as a 

function of the angle of deflection 2θ of the beam from 10° to 80°. 

Scanning Electron Microscopy (SEM). SEM microscopy was used to investigate the structure 

of radiosynthesized PPyH2O and PPyDCM polymers. The dried polymers were deposited onto 

carbon tape adhered to aluminum mounts. The SEM observations were performed by using a 

ZEISS Supra 55-VP FEG-SEM microscope operating at 1 kV. 
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Transmission Electron Microscopy (TEM). TEM microscopy was used to investigate the 

structure, size and morphology of radiosynthesized PPyH2O and PPyDCM polymers. Few drops 

of each irradiated solution were first dispersed in ethanol, then deposited onto carbon-coated 

copper grids and dried under N2 flow. A JEOL JEM-2010 microscope operating at an 

accelerating voltage of 200 kV was used. The micrographs were collected by using a Gatan Rio 

CMOS 16 camera. 

 

2.4. Evaluation of photocatalytic activity of polymer materials 

The photocatalytic activity of radiosynthesized PPyH2O and PPyDCM polymers was evaluated 

for the photodecomposition of phenol (C6H5OH, chosen as a model pollutant) in water. Indeed, 

it is well known that phenolic compounds are real contaminants of water with very high toxicity. 

Besides, the choice of phenol as model pollutant was guided by different favourable 

characteristics: i) phenol is not photosensitive, ii) its degradation mechanism and products are 

well known and already identified by using High Performance Liquid Chromatography 

(Andrade et al., 2006; Cristina Sertori Paschoalino et al., 2012; Mesa et al., 2020) and iii) it can 

be completely mineralized into CO2 and H2O. 

At first, an aqueous solution containing phenol pollutant (50 ppm) was prepared. 3 mg of 

dried PPyH2O powder were added to 3 mL of this phenol solution in a quartz cell reactor while 

3 mg of dried PPyDCM powder were added to 3 mL of the same solution in another quartz 

cuvette. The two obtained suspensions were stirred carefully in the dark in order to attain the 

adsorption-desorption equilibrium before irradiation.  

Before any photocatalytic test, dark adsorption tests of PPyH2O and PPyDCM polymers were 

carried out in the presence of phenol but in the absence of UV or Visible light irradiation in 

order to check the adsorption of the model pollutant onto the surfaces of the photocatalysts. 

The degradation of phenol in presence of radiosynthesized PPyH2O and PPyDCM polymers 

was then studied under UV and visible light irradiations. The two obtained suspensions were 

irradiated in the quartz cuvettes with an Oriel 300 W xenon lamp under bubbling with O2 at a 

fixed flow rate, along with continuous magnetic stirring. For experiments under visible light 

irradiation, an ultraviolet optical cut-off filter (l > 400 nm) was specifically used. 

Every 10 minutes (under UV-Vis light irradiation) and every 1 hour (under Visible light 

irradiation), 400 µL of each suspension were collected, and centrifuged for 30 minutes at  

13 000 rpm. The resulted supernatants were systematically analyzed by High Performance 

Liquid Chromatography (HPLC) in order to determine the effective concentration of phenol 
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and to evaluate its degradation. HPLC apparatus was supplied by Agilent Technologies (HPLC, 

Agilent 1260 Infinity Quaternary LC) and used with a mobile phase of 80 vol% H2O and  

20 vol% acetonitrile. In order to follow the photodegradation of phenol, the ratio C/C0 was 

studied as a function of irradiation time. Note that C0 is the initial concentration of phenol and 

C is the concentration of phenol after sampling in regular time intervals. Multiple photocatalysis 

experiments were performed under identical reaction conditions to verify the reproducibility of 

the measurements. 

After completion of the degradation of phenol, both PPyH2O and PPyDCM polymer 

photocatalysts were recovered by filtration, washed many times with distilled water and dried 

at 60°C overnight. In order to check their stability upon cycling, these already-used 

photocatalysts were then re-employed in another cycle to check their efficiency in the 

photocatalytic degradation of phenol under identical experimental conditions. These steps were 

repeated up to 4 cycling experiments. The photodegradation rate of phenol for each cycle was 

finally evaluated by using the following formula: 

Degradation rate (%) = "#$"
"#

× 100     (1) 

 

 

3. Results and Discussion 

3.1. Radiation induced synthesis of PPyH20 and PPyDCM 

Aqueous and dichloromethane solutions containing 20 mM Py monomers both appear 

colorless before irradiation (inset of Figure 1a). Their absorption spectra display the 

characteristic peak of Py monomers at 205 nm (inset of Figure 1a), usually ascribed to π-π* 

transitions in pyrrole, in good agreement with literature (Bahry et al., 2021b). 

According to our previous studies, starting from 20 mM in Py monomers, the complete and 

optimal PPy synthesis either in water under N2O or in DCM under N2 atmosphere is always 

attained at 72 kGy. The UV-Vis absorption spectra of PPyH2O and PPyDCM polymers produced 

in these conditions are displayed in Figure 1a. Note that the two solutions, which were colorless 

before irradiation, transformed to black suspensions as exhibited in Figure 1a. The change in 

UV-Vis absorption spectra and in colors of both solutions upon irradiation are indicative of the 

successful synthesis of polymer materials both in water and DCM. Moreover, the quantitative 

production of PPy polymers upon radiolysis is confirmed by the quasi-disappearance of the 

characteristic peak of Py monomers positioned at 205 nm within the spectra of irradiated 

solutions. 
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The UV-Vis absorption spectrum of PPyH2O is in good agreement with previous studies (Cui 

et al., 2014; Bahry et al., 2021b). It displays a shoulder in the range of 350–400 nm which is 

attributed to the formation of PPy oligomers and which can be ascribed to the π−π* transitions 

along the oligomer chains (Figure 1a). In addition, a continuous scattering (long absorption 

tail) is observed in the extinction spectrum of PPyH2O, in the range 400−1000 nm, which should 

result from the presence of the black suspension present in the sample. Note that this suspension 

remains relatively stable and that no sedimentation process occurs over a few days after 

irradiation. This could be explained by the relatively low molecular weight of PPyH2O oligomers 

as well as by their hydrophilicity. 

The UV-Vis absorption spectrum of PPyDCM is different from that of PPyH2O (Figure 1a). 

By comparing the two spectra, one can note that spectral features of PPyDCM are clearly more 

prominent than those observed in case of PPyH2O. In addition to the absorption band observed 

at around 350 nm, ascribed to the π−π* transitions, PPyDCM spectrum displays a shoulder at  

530 nm together with a broad band at higher wavelengths in the range 700-1100 nm with a 

maximum absorption at 930 nm. When comparing with PPyH2O, PPyDCM spectrum is red-shifted 

which is attributed to the formation of PPyDCM polymers possessing higher molecular weight. 

Note that we unsuccessfully attempted to estimate and compare the molecular weights and the 

polymer chain lengths of PPyH2O and PPyDCM by size-exclusion chromatography (SEC). Indeed, 

the solubility of both radiosynthesized polymers was too low in the different solvents usually 

used in SEC chromatography (such as acetone, acetonitrile and THF). Besides, when comparing 

with PPyH2O spectrum, the large absorption band at 930 nm observed in PPyDCM spectrum 

corresponds to polaron and bi-polaron bands, originating from the oxidized state of doped 

PPyDCM polymers in agreement with previous works (Cui et al., 2014; Bahry et al., 2021b, 2020; 

Chen et al., 2015; Li et al., 2010). Indeed, as highlighted in literature and contrarily to water 

radiolysis which leads to non-doped PPy materials, dichloromethane radiolysis generates 

chloride ions which enable in situ production of doped PPy polymers (Cui et al., 2014; Bahry 

et al., 2021b, 2020, 2018). 

 

In order to calculate and compare the optical band gaps (Eg) of radiosynthesized PPyDCM 

and PPyH2O, Tauc plots were used (Tauc and Menth, 1972). These plots (Figure 1b and Figure 

1c) can be easily read out from the UV-Vis absorption spectra of both PPyH2O in aqueous 

solution and PPyDCM in DCM solvent (Figure 1a). In the context of Tauc plots, based on Tauc 

equation applied to amorphous materials (such as radiosynthesized PPy as it will demonstrated 
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in section 3.3), (ahn)1/2 must be plotted as a function of photon energy (hn) (Ghobadi, 2013) 

according to: 

(ahn)1/2 = A(hn - Eg)       (2) 

where a, h, n and Eg are respectively the absorption coefficient, Planck constant, light 

frequency and optical band gap energy and where A is a constant. 

The Tauc plots of PPyH2O and PPyDCM are respectively displayed in Figure 1b and Figure 

1c. Besides, plotting (ahn)1/2 as a function of photon energy (hn) enables the determination of 

the two optical band gaps (Eg) by extrapolating the straight-line portion of the Tauc plots to the 

photon energy axis. While the optical band gap of PPyH2O amounts to 2.31 eV, that of PPyDCM 

is about 1.30 eV.  

These two optical band gaps values characterizing PPyH2O and PPyDCM are in good 

agreement with our previous works on radiation induced conducting polymers (Bahry et al., 

2021b) as they remain relatively low. Nevertheless, the band gap value of PPyDCM is much 

lower than that of PPyH2O. This interesting result can be easily explained by the longer polymer 

chains and by the doping state of PPyDCM polymers synthesized by using radiolysis 

dichloromethane solvent (Abdulla and Abbo, 2012). 

Interestingly, the low band gap value of PPyDCM materials together with their intense 

absorption in the UV and Visible domains are triggering hopes for a higher photocatalytic 

activity in the whole solar spectrum. This will be discussed at a later stage of the work. 

 

3.2. Chemical characterization of PPyH20 and PPyDCM 

In order to investigate and compare the chemical compositions of the as-synthesized PPyH2O 

and PPyDCM polymers, ATR-FTIR analysis was performed on the black PPy powders obtained 

after solvent removal (photographs within Figure 2). The infrared spectra of PPyH2O and 

PPyDCM were recorded within a wavenumber region from 600 to 4000 cm-1 as displayed in 

Figure 2. 

The FTIR spectra of PPy obtained in both solvents by water and DCM radiolysis are in very 

good agreement with the literature (Kato et al., 1991; Vetter et al., 2011; Rezaul Karim et al., 

2007; Cui et al., 2014; Bahry et al., 2021b) where all the infrared peaks observed in the present 

work were already described and ascribed, highlighting the successful radiation-induced 

synthesis of PPy materials. 

Also, aside from a difference in the intensity and the shape of the bands around 3200 cm-1 

and the presence of an additional peak at 1677 cm-1 in PPyDCM spectrum, no significant 
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differences exist between PPyH2O and PPyDCM spectra. Only small shifts in the vibration modes 

can effectively be observed. For instance, PPyH2O spectrum shows =C–H out-of-plane vibration 

band at 793 cm-1 (792 cm-1 in case of PPyDCM) and =C–H in-plane, and C-C out-of-plane 

vibration between 1047 cm-1 and 1262 cm-1 (between 1051 cm-1 and 1263 cm-1 in case of 

PPyDCM) (Karim et al., 2007; Kato et al., 1991; Vetter et al., 2011; Bahry et al., 2021b; Cui et 

al., 2014). Besides, the weakest bands at around 1346 cm-1 (for both polymers) and 1411 cm-1 

for PPyH2O (1421 cm-1 for PPyDCM) can be attributed to the C–N stretching vibration in the 

pyrrole rings (Rezaul Karim et al., 2007; Bahry et al., 2021b). Also, the peak at 1535 cm-1, 

which appears as a shoulder in PPyH2O spectrum corresponds to the C=C and C–C stretching 

vibrations of pyrrole rings within polypyrrole polymers (Karim et al., 2007; Kato et al., 1991). 

When focusing on the differences between the two infrared spectra, one can notice the 

surprising presence in PPyH2O spectrum of an intense peak at 1677 cm-1. Nevertheless, such a 

band has already been observed in literature specifically when polymerizing Py monomers in 

water. This peak was attributed to the presence of C=O carbonyl groups which highlights the 

overoxidation state of polypyrrole when quantitatively synthesized in water (Mathys and 

Truong, 1997; Cui et al., 2014; Vetter et al., 2011). One can then conclude that at 72 kGy (dose 

required for complete polymerization of both materials), contrary to PPy polymers which are 

found overoxidized when synthesized in aqueous medium, the use of DCM solvent for radiation 

induced Py polymerization clearly avoids PPy overoxidation. 

Now, when considering the two spectra in the domain of highest wavenumbers, the large 

bands observed at 3282 cm-1 in case of PPyH2O and at 3144 cm-1 in case of PPyDCM are both 

attributed to the in-plane stretching of N–H groups in PPy polymers (Gürbüz et al., 2017; Kato 

et al., 1991; Lei and Martin, 1992). The broadness of these bands can be explained by the 

hydrogen bond interactions which exist between the N-H groups present all along the polymer 

chains. The more intense band observed in case of PPyH2O should result from the specific 

presence within these polymers of carbonyl groups which evidently favor such hydrogen bond 

interactions. 

As highlighted in previous works, FTIR spectra of Py monomers before irradiation display 

a band at 734 cm−1 either in water or in DCM (Cui et al., 2014; Bahry et al., 2021b), which is 

characteristic of C−H wag vibration at α, α′ positions (see Scheme 1, results not shown). 

However, interestingly, one can note the absence of such a band in both PPyH2O and PPyDCM 

FTIR spectra. This finding proves the total consumption of Py monomers and confirms the 

successful and quantitative radiolytic production of PPy polymers, through α-α’ coupling 

reactions according to Scheme 1, either in water or in DCM solvent. 
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As a complement to ATR-FTIR study, XPS analysis was performed in order to get further 

insight concerning the surface elemental composition and chemical states of both PPyDCM and 

PPyH2O samples. The wide scans (General Survey spectra) as well as the C1s and N1s core-

levels spectra obtained for the two polymer samples are presented in Figure 3. 

The two survey spectra of Figure 3 show the presence of carbon, nitrogen, and oxygen atoms 

(peaks with variable intensities) as already observed in literature in the case of PPy polymers 

synthesized by conventional methods (Šetka et al., 2019; Tabačiarová et al., 2015). Given the 

formula of the polymer (see Scheme 1), the presence of carbon and nitrogen in both samples is 

totally comprehensible. The presence of oxygen in PPyH2O is also logical and can easily be 

explained by the presence of C=O functionalities within overoxidized polymers as highlighted 

by ATR-FTIR spectroscopy. In PPyDCM sample, the amount of oxygen is far lower since no 

overoxidation happens in DCM solvent. Nevertheless, the presence of oxygen, even in trace 

amounts, within PPyDCM sample was not expected. The unexpected presence in trace amounts 

of oxygen in this case could be due to a chemical contamination by small amounts of water 

since DCM solvent that was employed during radiolysis was used without prior distillation. 

Interestingly, in case of PPyDCM, one can observe in the spectrum (Figure 3) the specific 

presence of an additional peak located at 200.8 eV. Such a peak is undoubtedly attributable to 

chlorine atoms which are present in PPyDCM polymers, but not in PPyH2O. Interestingly, in 

previous works concerning chemical synthesis of polypyrrole materials, such a Cl2p3/2 peak 

was observed and assigned to Cl atoms linked to PPy carbon chains (Feng et al., 2020; 

Tabačiarová et al., 2015). In our case, this observation is in good agreement with DCM 

radiolysis which produces reactive chloromethyl (CH2Cl.) and dichloromethyl (CHCl2.) radicals 

(that can add to PPy carbon chains) and which also generates HCl and Cl- (that can dope PPy 

polymers) (Bahry et al., 2021b, 2020, 2018). This definitely demonstrates that PPyDCM 

synthesized by radiolysis in DCM are in situ doped with chlorine atoms, in total agreement with 

our results obtained by UV-vis absorption spectroscopy. 

Let’s now consider the individual C1s core-level spectra of PPyH2O and PPyDCM conducting 

polymers (Figure 3a and 3c). Both spectra were fitted using the same components. The 

characteristic peaks at 284.3 eV,  284.9 eV, 285.7 eV, 286.7 eV and 288.3 eV are attributed, in 

agreement with literature, to β carbon, α carbon, C–N, C–O and C=O respectively (Feng et al., 

2020; Šetka et al., 2019). As already observed and mentioned, the contribution of oxygen is 

noticeably larger in PPyH2O sample due to overoxidation. Interestingly, PPyDCM carbon level 
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spectrum specifically exhibits an additional peak at 287.7 eV, which was attributed in literature 

to –C=N+ of bipolaron charge species in polypyrrole (Feng et al., 2020; Šetka et al., 2019). 

When considering the individual N1s core-level spectra of PPyH2O and PPyDCM materials 

(Figure 3b and 3d) which highlight similarities, the binding energies of 398.3 eV, 399.7 eV 

and 400,3 eV respectively correspond to the =N– imine like nitrogen (Setka et al., 2020; Šetka 

et al., 2019; Tabačiarová et al., 2015), to the –N–H– structures (Ge et al., 1994; Malitesta et al., 

1995; Pfluger and Street, 1984) and to the –N–H+– polaron within PPy polymers. At higher 

binding energy and specifically in case of PPyDCM, one can observe the presence at 401.9 eV of 

an additional peak which was ascribed in literature to the =N–H+– bipolaron charge species 

within polypyrrole (Malitesta et al., 1995; Pfluger and Street, 1984; Šetka et al., 2019).  

In agreement with ATR-FTIR spectroscopy and UV-Vis absorption spectrophotometry, XPS 

analysis demonstrates that PPyH2O polymers are found overoxidized when produced by water 

radiolysis at 72 kGy, while PPyDCM materials are in situ doped and thus produced in an oxidized 

state during DCM radiolysis at the same irradiation dose. The doping state of PPyDCM explains 

in particular its relatively low band gap value as found by Tauc plot (Figure 1c). 

 

3.3. Structural and morphological characterizations of PPyH20 and PPyDCM 

In order to investigate the crystallinity of PPyH2O and PPyDCM polymers produced by water 

and DCM radiolysis, X-ray diffraction (XRD) analysis was performed on the black PPy 

powders obtained after solvent removal (Figure 4). The typical X-ray diffraction patterns 

characterizing the two polymers are exhibited in Figure 4. The two diffractograms look 

somewhat similar, highlighting the fact that PPyH2O and PPyDCM have the same structure. 

Both XRD patterns display a broad diffraction peak at about 2θ ~ 20°, meaning, in agreement 

with literature (Chougule et al., 2012, 2011), that both radiosynthesized PPyH2O and PPyDCM 

materials have an amorphous structure (Warren and Madden, 2006), this structural disorder 

being due to the scattering of PPy carbon chains at the interplanar spacing (Wynne and Street, 

1985). Note that the amorphous structure of both PPy polymers justifies and legitimizes the use 

of equation (2) in section 3.1 in the context of Tauc plots. 

 

In order to investigate the morphology and the size of PPyH2O and PPyDCM materials 

produced by radiolysis, SEM and TEM observations were performed. Typical SEM images 

recorded after deposition of dried PPyH2O and PPyDCM polymer powders are displayed on 

Figure 5a and 5b respectively. Figure 5a (characterizing PPyH2O sample) highlights the 
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presence of aggregated spheroidal particles. The same observations were made throughout the 

whole sample. These packed globular PPyH2O particles which are heterogeneous in size 

(between 200 nm and 800 nm) have a mean diameter of few hundreds nm. Besides, Figure 5b 

(characterizing this time PPyDCM sample) also displays spheroidal particles (heterogeneous in 

size, between 200 nm and 1.5 µm) with relatively larger average size. Same observations were 

once again made in the whole PPyDCM sample. Note that the observation of such aggregated 

spheroidal particles in the case of radiosynthesized conducting polymers is in very good 

agreement with literature (Cui et al., 2014; Bahry et al., 2018, 2020). Each observed PPyH2O or 

PPyDCM particle should be composed of linear chain polymers which are neither branched nor 

networked but in weak interactions (by hydrogen bonds or p-stacking interactions). 

 

As a complement to SEM microscopy, TEM observations were performed in order to get 

further insight concerning the morphology of both PPyH2O and PPyDCM samples. This time, few 

drops of each irradiated solution were deposited onto carbon-coated copper grids then dried 

under N2 flow. Representative TEM images obtained in case of PPyH2O and PPyDCM polymers 

are displayed on Figure 5c and 5d respectively. Low-density globular structures forming 

polydisperse spherical nanoparticles are observed in both cases. PPyH2O polymers have a mean 

diameter of few hundreds nm (Figure 5c), while bigger PPyDCM polymer particles, up to 1.5 

µm in size, are observed (Figure 5d) in very good agreement with SEM observations. Also, in 

all our TEM observations, PPyH2O and PPyDCM particles systematically appear self-assembled 

into supramolecular nanochaplets (thanks to interparticle interactions). This result is in good 

agreement with a previous observation, made by cryo-TEM microscopy, of PPy synthesized in 

water by radiolysis (Cui et al., 2014). 

The observations made by SEM and TEM microscopies in the present work as well as the 

characterizations conducted by XRD analysis enable us to conclude without any ambiguity that 

radiolysis of Py monomers in both water and DCM solvents leads to the production of 

amorphous PPy polymers, made of polydisperse spherical nanoparticles. Clearly, the nature of 

the solvent (water or DCM) used during radiolysis does not impact the morphology nor the 

crystallinity of radiosynthesized polymers. Interestingly, even if PPyDCM nanoparticles appear 

always slightly larger than PPyH2O ones, the similarity between the results obtained by SEM 

and TEM indicates that the drying process as well as the deposition procedure do not affect the 

size and the shape of the particles. This highlights the stability of our radiosynthesized materials 
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as well as the existence of relatively strong interactions (p-stacking and hydrogen-bond 

interactions) into each polymer particle whatever the solvent used during radiolysis. 

 

3.4. Photocatalytic activity assessment of PPyH20 and PPyDCM 

Two kinds of polymers, namely PPyH2O and PPyDCM, were first prepared by radiolysis and 

then chemically, structurally and morphologically characterized by complementary techniques. 

The photocatalytic activity of both radiosynthesized polymers was finally investigated for the 

photodecomposition in water of phenol (C6H5OH), which was chosen as a model pollutant. 

To this end, two aqueous solutions (3 mL) each containing 50 ppm of phenol pollutant were 

prepared in the dark: the first one in presence of 3 mg of dried PPyH2O powder and the second 

one in presence of the same amount of dried PPyDCM powder. Before any irradiation and any 

photocatalytic experiment, dark adsorption tests were carried out on both samples in order to 

check the adsorption of the model pollutant onto the surfaces of PPyH2O and PPyDCM polymers. 

Interestingly, as highlighted by HPLC (results not shown), no decrease in the concentration of 

phenol was observed even after few hours, highlighting the fact that this model pollutant does 

not adsorb onto the surfaces of the photocatalysts and that any further decrease in phenol 

concentration under irradiation should only be attributed to a photocatalytic degradation (and 

not to an eventual adsorption). 

After these preliminary dark adsorption tests, both samples were subjected to UV and visible 

light irradiations under O2 flow. The degradation of phenol in presence of PPyH2O or PPyDCM 

polymers, now employed as photocatalysts, was then assessed by using HPLC. In both cases, 

the ratio C/C0 (as deduced from HPLC) was studied as a function of irradiation time either 

under UV-light irradiation (Figure 6a) or under visible-light irradiation (Figure 6b).  

When considering UV-irradiation, the decay in phenol concentration is clearly observed as 

a function of irradiation time in both PPyH2O and PPyDCM cases (Figure 6a), highlighting the 

fact that both materials act as photocatalysts under UV. Nevertheless, from the comparison 

between the two curves of Figure 6a, one can note that the degradation of phenol under UV is 

much faster in the presence of PPyDCM. In particular, while the total consumption (100 %) of 

phenol is reached after 80 minutes in the case of PPyDCM, only 50 % of phenol is consumed in 

the presence of PPyH2O even after 120 minutes. Clearly, the photocatalytic activity of PPyDCM 

for phenol degradation is much higher than that of PPyH2O under UV light. 

Also, the degradation of phenol in presence of PPyDCM was followed by HPLC as a function 

of UV-irradiation time (results not shown). In agreement with literature (Andrade et al., 2006; 
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Cristina Sertori Paschoalino et al., 2012; Mesa et al., 2020), HPLC results clearly showed that 

first degradation step (at intermediate irradiation times) consists in oxidation of phenol into 

phenol intermediates (catechol, hydroquinone, and benzoquinone). Interestingly, after 80 

minutes UV-irradiation, HPLC analysis clearly highlighted the total disappearance of both 

phenol and its intermediates, indicating the quantitative degradation and mineralization in these 

conditions of the model pollutant. 

PPyDCM appears as a very efficient photocatalyst under UV for the degradation of organic 

pollutants. But what about its activity and that of PPyH2O under visible light irradiation? Indeed, 

an important challenge in photocatalysis is to develop photocatalytic materials which are active 

in the visible light region. In order to answer this question, the photocatalytic activity of PPyDCM 

and PPyH2O materials was then studied in this spectral region. As in the case of UV-irradiation, 

the decay in phenol concentration under visible light irradiation is clearly observed as a function 

of irradiation time in both PPyH2O and PPyDCM cases (Figure 6b), highlighting the fact that both 

materials also act as photocatalysts in the visible light region. Nevertheless, one can note that 

phenol degradation is less efficient than under UV, particularly in the case of PPyH2O material. 

As observed in the case of UV-irradiation, from the comparison between the two curves of 

Figure 6b obtained under visible light irradiation, one can note that the degradation of phenol 

is much faster in the presence of PPyDCM. In particular, PPyDCM photocatalyst shows a relatively 

high degradation rate of 50% after 300 minutes, whereas only 12% degradation is reached after 

the same irradiation time with PPyH2O as photocatalyst. Clearly, the photocatalytic activity of 

PPyDCM for phenol degradation under visible light is much higher than that of PPyH2O, as in the 

case of UV light irradiation. 

Many factors can impact the photocatalytic activity of a material, such as size, morphology, 

electrical state and hole/electron recombination rate (Ghosh et al., 2015b, 2015a). In particular, 

we have already shown that the nanostructuration of a conjugated polymer-based photocatalyst 

is a key factor which determines the photocatalytic efficiency of the material. Higher surface 

area and lesser number of defects in nanostructured polymers (which induce less electron-hole 

recombinations), lead to higher photocatalytic activity. Nevertheless, as demonstrated in the 

present work, both radiosynthesized PPyH2O and PPyDCM appear as nanostructured materials 

with comparable morphologies. As a consequence, the superior photocatalytic activity of 

PPyDCM which is observed here, in the whole solar spectrum, comes essentially from its doping 

state that positively impacts its optical band gap energy (Eg =1.30 eV), which is much lower 

than that of PPyH2O (Eg = 2.31 eV), and from its absorption in the visible-near IR region, which 
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is much larger than that of PPyH2O, as earlier highlighted by UV-Vis absorption spectra and by 

the corresponding Tauc plots (Figure 1). 

Let’s now compare the photocatalytic efficiency of PPyDCM materials, synthesized in the 

present work by DCM radiolysis, with activities of other kinds of materials previously used in 

literature for photocatalytic degradation of phenol as model pollutant. Let’s also limit the 

comparison and the discussion to the most efficient conducting polymer based photocatalysts 

which have anteriorly been described in literature (Ghosh et al., 2015a, 2015b; Floresyona et 

al., 2017; Yuan et al., 2019).  

Among the most interesting results available in literature, the best photocatalytic activity 

was obtained by using PEDOT nanospindles which were chemically synthesized within 

hexagonal mesophases as soft templates (Ghosh et al., 2015b). Indeed, the total consumption 

(100 %) of phenol was reached after only 10 minutes under UV light and after 240 minutes 

under visible light. This extraordinary efficiency was explained by the nanostructuration of 

PEDOT nanospindles within mesophases during chemical synthesis and by their relatively low 

electrochemical band gap (1.69 eV) together with their extended visible light absorption ability.  

The same synthetic approach, based on the use of soft templates, was then pursued in order 

to prepare new efficient conducting polymer based photocatalysts: PDPB nanofibers (Ghosh et 

al., 2015a) were successfully synthesized by photopolymerization within hexagonal 

mesophases, while PPy (Yuan et al., 2019) and P3HT (Floresyona et al., 2017) nanostructures 

were obtained by chemical polymerization in the same hexagonal self-assemblies. 

Nevertheless, the results obtained in the latter cases for phenol degradation were less interesting 

than those obtained with PEDOT nanospindles. Indeed, on the first hand, PDPB photocatalysts 

showed a degradation rate of 82 % under UV light after 270 minutes and of  

70 % under visible light after the same time (Ghosh et al., 2015a). Also, on the second hand, 

PPy nanostructures chemically prepared within hexagonal mesophases were characterized by 

slightly higher activity under UV but much lower activity under visible light: a degradation rate 

of 100 % under UV light was reached after 270 minutes, while only 10 % degradation was 

reached after 300 minutes under visible light (Yuan et al., 2019). Finally, P3HT nanostructures 

chemically synthesized within soft templates were characterized by a degradation rate of 90 % 

under UV light after 180 minutes and of 16 % under visible light after 240 minutes (Floresyona 

et al., 2017). When comparing conducting polymer nanostructures prepared in hexagonal 

mesophases, the much lower photocatalytic activity of PDPB, PPy and P3HT nanostructures 

(in comparison with that of PEDOT nanospindles) was explained by their relatively high optical 



 17 

and electrochemical band gap values (Ghosh et al., 2015a, 2015b; Floresyona et al., 2017; Yuan 

et al., 2019). 

In the present work, instead of chemical or photochemical polymerizations, we used an 

alternative radiolytic route for synthesizing conducting polymer based photocatalysts. And 

notably, we prepared photocatalytic materials in the bulk of water or DCM solvent in the 

absence of any chemical template. Interestingly, despite the simplicity of our methodology, we 

obtained PPyDCM materials with very encouraging photocatalytic properties thanks to their very 

low optical band gap and their large extended absorption band. Indeed, under UV light 

(degradation rate of 100 % after 80 minutes), the activity of PPyDCM  is much higher than that 

of PDPB, PPy and P3HT nanostructures prepared in hexagonal mesophases. Only PEDOT 

nanospindles, also prepared in soft templates, appear more efficient under UV since the time 

needed for complete degradation of phenol is shorter (10 minutes instead of 80). Also, under 

visible light (degradation rate of 50 % after 300 minutes for radiosynthesized PPyDCM), even if 

the photocatalytic activity of PPyDCM  remains two times lower than that of PEDOT 

nanospindles, it is still higher than that of PPy and P3HT nanostructures prepared in hexagonal 

mesophases and appears almost comparable with that of PDPB nanofibers. 

The stability over time and upon cycling of photocatalytic materials is a key factor for their 

effective use in industrial and environmental applications. In order to check the stability upon 

cycling of PPyDCM, this material was re-employed up to 4 cycling experiments under identical 

conditions in the context of phenol photodegradation under UV irradiation. The 

photodegradation rate of phenol for each cycle was evaluated by using equation (1) and the 

obtained results are displayed in Figure 6c.  

As already described in case of PPyDCM, in the first photocatalytic cycle, the total 

consumption (100 %) of phenol is reached after 80 minutes. As observed in Figure 6c, during 

the following cycles, after the same time, the photodegradation rate remains almost close to 100 

% and slightly decreases, reaching 95 %, even at the end of the fourth cycle. This result 

undoubtedly demonstrates that PPyDCM photocatalysts remain very stable with cycling. The 

small decrease in degradation rate should not be attributed to a reduction of photocatalytic 

efficiency of PPyDCM material. On the contrary, it should be explained by the decrease in the 

amount of PPyDCM material (loss of mass) due to the repeated centrifugation and washing steps 

at the end of each photocatalytic cycle. Note that similar results were also obtained with PPyH2O 

materials highlighting their stability upon cycling. Remarkably, the high photocatalytic activity 

of PPyDCM combined with its stability give a glimpse of very promising applications by using 
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such a radiosynthesized material in water treatment and more generally in alternative 

photocatalytic treatments. 

The mechanism of photocatalytic process involving conducting polymers as photocatalysts 

was studied in previous works (with addition of radical scavengers) and discussed in detail 

(Floresyona et al., 2017; Ghosh et al., 2015a; Yuan et al., 2019). In these studies, conjugated 

polymers always behave as organic semiconductors. When a conjugated polymer based 

photocatalyst is excited with photons whose energy is higher than its optical band gap (Eg), 

electrons (e-) and holes (h+) are generated: electrons are promoted from the valence band (VB) 

to conduction band (CB), leaving holes (h+) in the VB as illustrated in Figure 7. As a 

consequence, photons with energies higher than 1.30 eV (λ ≤ 954 nm) generate excess electrons 

and holes within PPyDCM materials, while photons with much higher energy (≥ 2.31 eV, λ ≤ 537 

nm) are required in case of PPyH2O. Due to the lower optical band gap of PPyDCM, less energy 

is effectively needed to promote an electron to the conduction band and as a result, more 

electronic transitions are likely to occur at higher wavelength radiations compared to PPyH2O. 

This evidently explains the superior photocatalytic activity of PPyDCM in particular in the visible 

part of the solar spectrum. Note that the high UV and visible light absorption of PPyDCM, 

compared to that of PPyH2O (see Figure 1), also explains its enhanced photocatalytic activity. 

A high photocatalytic activity is also related to an efficient separation of the photoexcited 

electron-hole pairs generated within the photocatalysts after their excitation, which is certainly 

the case for both PPyDCM and PPyH2O materials. When the electrons and holes escape the 

recombination process, they can indeed migrate and reach the surfaces of PPyDCM and PPyH2O 

materials and then interact with molecules present in the surrounding medium, namely water 

molecules and dissolved oxygen, forming in particular hydroxyl (HO•) and superoxide (O2•-) 

radicals (Floresyona et al., 2017; Kumar et al., 2020; Yuan et al., 2019). These reactive species 

finally act as oxidizing species towards organic pollutants leading to their subsequent 

photodegradation and mineralization as demonstrated in previous works (Ghosh et al., 2015a, 

2015b; Floresyona et al., 2017; Yuan et al., 2019) and as summarized in Figure 7 in the case 

of photocatalytic degradation of phenol by both PPyDCM and PPyH2O under UV and visible light. 

 

 

4. Conclusion 

In the present work, in the absence of any template and without using any external dopant, 

two kinds of conducting polymers were radiolytically prepared at an irradiation dose of 72 kGy 
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directly in the bulk of a solution: PPyH2O material was synthesized in water, while PPyDCM was 

obtained in DCM solvent. Both polymers were found amorphous and appeared as 

nanostructured materials with similar morphologies. Nevertheless, contrarily to PPyH2O 

polymers which were found overoxidized, PPyDCM materials were produced in a doping state 

and characterized by a very low optical band gap and an intense absorption in the UV, the 

visible and the near-infrared spectral regions.  

Radiolytically produced PPyH2O and PPyDCM materials were then used as photocatalysts for 

degradation of phenol under either UV or visible light irradiation. Both materials were found 

stable upon cycling, easily removable from the liquid phase without appreciable loss of activity 

and thus as a consequence industrially reusable. Moreover, the photocatalytic activity of 

PPyDCM was shown to be remarkably high and much greater than that of PPyH2O. Notably, the 

superior activity of PPyDCM was found higher than that of most of the best conducting polymer 

based photocatalysts, namely PDPB, PPy and P3HT nanostructures, which were previously 

prepared in hexagonal mesophases by the way of chemical or photochemical polymerizations. 

The very promising photocatalytic properties of PPyDCM were logically explained by their 

doping state, their very low optical band gap and their large extended absorption band from the 

UV to the near infrared region.  

The present work definitely provides a facile way to develop cheap and very active metal-

free photocatalysts. Indeed, it validates radiation chemistry as a simple method to prepare, 

within the bulk of a solution, efficient conducting polymer based photocatalysts. However, even 

if radiolytically synthesized PPyDCM material is triggering hopes for its use as photocatalyst in 

different environmental applications, its photocatalytic activity still remains slightly lower than 

that of PEDOT nanospindles which were previously prepared by chemical polymerization 

within soft templates. This encourages us to adjust the conditions of radiolytic synthesis of PPy 

(solvent, absorbed dose, dose rate…) in order to optimize their physichochemical properties 

(band gap value, absorption properties, doping state, stability, processability) and thus to 

enhance their photocatalytic activity. 

Also, work is in due course in order to evaluate the photocatalytic activity of alternative 

conducting polymers which we already successfully produced by water and DCM radiolysis: 

PEDOT, P3HT and PTAA polymers as well as their copolymers (Bahry et al., 2021a, 2021b, 

2020, 2018). Particular emphasis will be placed on PEDOT synthesized by DCM radiolysis. 

Finally, as perspective to this work and for environmental purposes the use of PPyDCM and other 

radiosynthesized conducting polymers, will be investigated for other applications such as air 

treatment, self-cleaning surfaces, water splitting, energy conversion and hydrogen production. 
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Scheme 1 
 

 
 

Scheme 1- Radiation-induced polymerization of Pyrrole (Py) monomers in water under N2O 
or in dichloromethane (DCM) under N

2
, leading respectively to PPy

H2O
 and PPy

DCM
 polymers.
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Figure 1 
 

 
 

Figure 1- a) UV-Vis absorption spectra and photographs of PPyH2O and PPyDCM aqueous and 
DCM solutions obtained after g-irradiation at 72 kGy. Inset) UV-Vis absorption spectra and 
photographs of pyrrole aqueous (PyH2O) and DCM (PyDCM) solutions. Initial concentration of 
Py monomers was 20 mM and references were pure solvents in all cases. b) and c) Tauc’s plot 
analysis of UV-Vis absorption spectra of PPyH2O and PPyDCM for optical band gap assessment. 
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Figure 2 
 

 
 

Figure 2- ATR-FTIR spectra and photographs of PPyH2O and PPyDCM polymer powders 
obtained after g-irradiation at 72 kGy of an aqueous solution under N2O or a DCM solution 
under N2 atmosphere. Initial concentration of Py monomers was 20 mM in both cases. 
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Figure 3 
 

 
 

Figure 3- XPS General Survey spectra of PPyH2O and PPyDCM polymers obtained after g-
irradiation at 72 kGy of an aqueous solution under N2O or a DCM solution under N2 

atmosphere. Initial concentration of Py monomers was 20 mM in both cases. High C1s and N1s 
resolution spectra with deconvoluted peaks from PPyH2O and PPyDCM: a) C1s from PPyH2O, b) 
N1s from PPyH2O, c) C1s from PPyDCM and d) N1s from PPyDCM. 
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Figure 4 

 

 
 

Figure 4- XRD patterns of PPyH2O and PPyDCM polymer powders obtained after g-irradiation 
at 72 kGy of an aqueous solution under N

2
O or a DCM solution under N2 atmosphere. Initial 

concentration of Py monomers was 20 mM in both solutions. The substrate used for XRD 
analysis was aluminium. 
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Figure 5 
 

 

 

Figure 5- Morphological characterizations of radiosynthesized PPy polymers: SEM images of 
a) PPyH2O and b) PPyDCM polymers as well as TEM images of c) PPyH2O and d) PPyDCM 
polymers. PPy polymers were obtained after g-irradiation at 72 kGy of an aqueous solution 
under N2O or a DCM solution under N2 atmosphere. Initial concentration of Py monomers was 
20 mM in all cases.  

 

  



 33 

 

Figure 6 
 

 
 

Figure 6- Photocatalytic degradation rate of phenol using PPyH2O and PPyDCM under a) UV 
light and b) Visible light. c) Evaluation of the reusability of PPyDCM photocatalysts with cycling. 
PPy polymers were obtained after g-irradiation at 72 kGy of an aqueous solution under N2O 
or a DCM solution under N2 atmosphere. Initial concentration of Py monomers was 20 mM in 
all cases.  
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Figure 7 
 

 

 

Figure 7- Proposed mechanism of photocatalytic degradation of phenol by PPyH2O and PPyDCM 
under UV and Visible light irradiation. 
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Graphical abstract 
 

 

 

 

 

 

Highlights 

 

Radiolysis is used for the synthesis of PPyH2O and PPyDCM polymers in water and DCM. 

PPyDCM is produced in a doping state with a very low band gap and an intense absorption.  

PPyH2O and PPyDCM are used as photocatalysts for phenol degradation under UV and Vis light. 

Photocatalytic activity of PPyDCM is remarkably high and much greater than that of PPyH2O. 

PPyDCM is found as one of the best conducting polymers based photocatalysts. 


