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Abstract: To satisfy the demands of people for clean and safe water, 

new technologies for wastewater treatment have been developed. 

Hence, photocatalysis has emerged as a green chemical approach 

for such treatment. In this context, we have developed a new 

regenerable POM/polymer composite characterized by photocatalytic 

properties which are synthesized by photopolymerization process 

under mild conditions. Furthermore, the photocatalytic ability of these 

new hybrid materials has been applied for water treatment in order to 

remove different emergent pollutants such as dyes and organic 

compounds. In fact, the POM excited by the irradiation could oxidize 

directly the pollutants adsorbed on its surface or generate highly 

reactive chemicals such as °OH radicals which promote the 

degradation. In order to increase the conversion rates of these 

pollutants, different sources of irradiation have been used. The most 

efficient were the UV lamp and the solar irradiation. Pollutants 

degradation mechanisms as well as identification of the 

photoproducts will be discussed using mass spectroscopy technique. 

Introduction 

Bisphenol-A (BA) is an endocrine disrupting chemical (EDC) 

and an emerging pollutant, manufactured worldwide in high 

quantities. This compound is mainly used in polymer science for 

the production of polycarbonate and epoxy resins[1]. As example, 

Bisphenol-A is used to synthesize food and water containers, 

coating materials for cans, baby bottles, water pipes, sports 

equipment, eyeglasses lenses, consumer electronics. It is also 

used for dental fillings, paints, medical equipment and different 

types of paper and cardboards including cigarette filters and cash 

register receipts[2]. The Bisphenol-A can be released from these 

plastics products under existing conditions, therefore high heat, 

alkaline and/or acidic conditions can promote his release into 

different environments including air, soil and more especially 

water.  

The water is the most important resource for living species. 

However, potable water which is indispensable for every human 

being represents only 1% of surface water from lakes and rivers[3]. 

In fact, wastes of Bisphenol-A which are generated during his 

production or transport processes and after the massive use of 

plastic products is continuously introduced with different 

concentrations into the aquatic environment via municipal 

wastewater and manufacturing discharges[4]. Indeed, it was 

detected in surface water with concentrations equal to 7.3 ng/L in 

Léman French lake[5] and between 28.7-98.4 ng/L and 4–92 μg/L 

in Portuguese and Germany rivers, respectively[6,7]. This 

endocrine disruptor appears also at higher concentration ranging 

from 0.23 to 149.2 µg/L in Canadian industrial effluents[8]. 

  Because of the high production and application of 

Bisphenol-A in various products, several toxic impacts of this 

chemical exposure were spread onto all the living being especially 

humans. In fact, a prenatal exposure to this chemical causes fetus 

and children neurodevelopment disorders such as autism[9]. 

Moreover the penetration of Bisphenol-A into the humans bodies 

by dietary ingestion, inhalation or skin contact threats humans 

health by causing several diseases including cancer[2,10],diabetes, 

obesity[11] and cardiovascular problems such as angina, 

hypertension and heart attack [12]. Additionally, many studies have 

proved that exposure to Bisphenol-A affects humans reproductive 
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systems[13],15,16]. Bisphenol-A has also attracted many 

researchers’ interest since 2000. Based on first bibliometric 

analysis, the number of publications related to this pollutant have 

continuously increased with approximately 284 publications per 

year and reached a total of about 70,000 articles in 2019 (Figure 

1, curve (A)), proving the enormous interest brought to this 

chemical and its negative effects clearly identified by the scientific 

community. Due to these harmful and toxic effects, Bisphenol-A 

have captivated the attention of several  regulatory agencies, 

such as the European Food Safety Authority (EFSA) who 

decreased the tolerable daily intake (TDI) for BA from 50 to 

4 μg/kg per bodyweight day[16]. 

 

 

 
 

 

 

 

 

 

Figure 1. Bibliometric data using 

the keywords: Bisphenol-A (curve (A)) and Bisphenol-A/Photocatalysis (curve 

(B)). Source: BibCNRS  

 

To mitigate the harmful effects of this pollutant on the environment 

and especially in water, several processes to remove this 

compound have been developed including adsorption[17,18], 

electrochemical process[19,20], chlorination[21,22], biodegradation[23–

25] and advanced oxidation methods (AOP) which are based on 

powerful oxidants as the radical °OH[21]. However, in the case of 

BA chlorination  and ozonation, several studies have reported the 

formation of toxic intermediates[27,28]. Moreover, all these methods 

are expensive to use for the removal of these pollutants. 

                 Among AOP, photocatalysis has emerged as a 

promising technique for the treatment of bio-recalcitrant pollutants.  

In fact, high degradation and mineralization rates of Bisphenol-A 

can be achieved by using photocatalytic oxidation [29]. In this 

context, the same bibliometric analysis demonstrated high 

interest to this process for BA degradation (Figure 1(curve (B)). 

About 1186 articles have been published since 2000 on the 

Bisphenol-A photocatalytic degradation by various developed and 

improved photocatalysts including bismuth, silver, zinc and 

carbon based photocatalysts[6,24]. High increase was observed 

since 2015 and publications number doubled between 2018 and 

2019, showing that photocatalysis is an innovative degradation 

process for this organic pollutant. The degradation performance 

of Bisphenol-A by photocatalysis is summarized in Table 1. As 

treatment conditions, irradiation intensity, treatment time and 

photocatalyst type vary widely from one publication to another, a 

ratio B* representing the “average degradation” was calculated 

by considering Bisphenol-A degradation percentages, initial 

concentration of BA, the treated volume and reaction time is used 

for comparison. The apparent Kinetic order can be also used for 

this purpose when available. Others parameters are also 

important such as the catalyst amount and the specific surface of 

the catalyst. It appears that the “average degradation” vary widely 

from 2*10-6 mg.min-1 to 1.30 mg.min-1, with interesting values 

using only sunlight[31,32].  

Table 1. Comparative study of the different suspended photocatalysts used for 

Bisphenol-A photodegradation. 

Photocataly

st  

Light 

source 

Average 

degradation 

(mg.min-1) 

(B*) 

Catal

yst 

amou

nt 

(mg/

L) 

Specific 

surface 

(m2/g) 

Kapp 

(min-
1) 

R

ef. 

ZnO/carbon 

xerogel  

Solar 

irradiation 

1.30 500 24.4 0.005

1 

[31] 

TiO2-SiO2 500 W 

halogen 

lamp  

  1.08*10-1 500 49 0.121 [33] 

TiO2@ACD

@RGO 

250 W 

metal 

halide 

lamp  

3.47*10-2 1000 83.83 0.739 [34] 

WO3/TiO2  150 W Hg 

lamp 

2.5*10-2 62.5  - [35] 

Ag/AgCl/Fh 

/H2O2  

5 W LED 

light  

2.5*10-2 1000  0.050

6 

[36] 

g-

C3N4/MoS2-

PANI 

Visible 

light 

1.57*10-2 - 184.21 0.039

5 

[37] 

TiO2/nano-

diamond   

20-W 

Omnilux 

lamp  

1*10-2 80  6.66*

10-4 

[38] 

(CNQDs)/Ti

O2  

Xenon 

lamp  

6.25*10-3 1000 37.06 3*10-

1 

[39] 

Pd@MIL-

100(Fe) 

/H2O2  

300 W Xe 

lamp 

5.30*10-3 125 2102 - [40] 

(0,3AF-

C3N4)  

Visible 

light 

λ > 420 n

m 

3.89*10-3 200 46 1.02*

10-2 

[41] 

ZnO/MIL-

100(Fe)/H2

O2  

500 W Xe 

lamp 

3.1635*10-3 200 654 - [42] 

Bi/Bi2WO6  500 W 

xenon 

lamp  

2.997*10-3 250 - 3.67*

10-4 

[43] 

S-TiO2/UiO-

66-NH2  

Visible 

light LED 

50 mW 

2.026*10-3 200 154.26 2.98*

10-2 

[44] 
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Cu-ZnO  Two 

halogen 

lamps  

2.06*10-3 50 49 7.6*1

0-3 

[45] 

ZnFe2O4  Sunlight 3.19*10-4 2000  7.06*

10-2 

[46] 

ZnO@ZnH

CF   

 Sunlight 3.23*10-5 926 113.49

1 

4*10-

3 

[47] 

WO3/MIL-

100(Fe)/H2

O2  

25 W 

LED light 

2*10-6 250  - [48] 

B* was calculated by this paper’s authors. 

In this context, Polyoxometalates (POM) have appeared as 

a new visible-light photocatalysts thanks to their low toxicity and 

cost, their acidity and redox properties as well as their efficient 

absorption of the light at a wider wavelength domain than that 

obtained with TiO2 [49,50] .These appealing properties have made 

POMs, interesting photocatalysts for the degradation of pollutants 

including photocatalytic reduction of toxic metals[51], isolating toxic 

gases[52] as well as photocatalytic  oxidation and mineralization of 

a variety of pollutants such as pesticides[53], dyes[52,54,55] and 

organic pollutants including chlorophenols[56], ibuprofen[57], formic 

acid[55] and sulfamethoxazole[55]. Remarkably, according to the 

same bibliometric analysis, only two papers[58,59] have been 

published on the Bisphenol-A photocatalytic degradation by 

suspended polyoxometalates.  However, these clusters are very 

soluble in aqueous solutions, which limit their recyclability and 

their reuse as a photocatalyst and introduce an organic pollution 

to the treated environment. As a solution, several studies have 

reported the association of POMs with counter ion[60], TiO2
[61], 

silica gel[62] or active carbon[63]. 

Recently, immobilization of POMs into polymers has been 

achieved in our previous works[64,65]. Different POM/polymer 

composites were synthesized by photopolymerization upon 

visible light and the photocatalytic abilities of these materials have 

been proved as well as their regeneration. The photodegradation 

mechanism is based on the creation of electrons and holes by 

exciting the POM under near UV light irradiation. The POM 

excited by the irradiation could oxidize directly the pollutants 

adsorbed on its surface or generate highly reactive chemicals 

such as °OH radicals, promoting the degradation[64]. The objective 

of this paper is to apply these novel photocatalysts to the 

degradation of the BA and to optimize the operating parameters 

for high degradation rate. The removal of this pollutant from 

aqueous solution will be investigated under different sources of 

irradiation and by using different synthesized composites. 

Pollutant degradation mechanism as well as identification of the 

photoproducts was discussed using mass spectroscopy 

technique.  

Results and Discussion 

Study of Bisphenol-A photodegradation in water by UV-Vis 

spectrometry 

 

First, BA photodegradation kinetics were monitored by UV-

Visible spectrometry in the presence or not of the 

phosphomolybdic composite and under different irradiation 

sources including UV lamp, LED@375nm and sunlight (Figure 

 2). 

 

Figure 2. UV-visible absorption spectra of Bisphenol-A (15 ppm) in water at 

different irradiation times in the presence of H3PMo12O40/polymer (BAPO/Iod) 

composite under: (A) UV lamp; (B) LED@375nm; (C) solar irradiation and 

without photocatalyst and under (D) UV lamp; (E) LED@375nm; (F) Solar 

irradiation. Initial pH=6.5. 

The BA photolysis absorption spectra in water in the 

absence of the composite at different irradiation times using 

various sources of irradiation shown in Figure 2 (D, E and F), 

indicates almost no temporal changes of the absorption peak of 

this pollutant. This result indicates that the BA dissolved in pure 

water did not photolysis under any of the used irradiation source.  

However, Figure 2 (A, B, C) show that the absorption peaks 

of BA, were gradually reduced with increasing the irradiation time 

using the same sources of irradiation in the presence of 

H3PMo12O40/polymer composite due to the photocatalytic reaction. 

Indeed, the obtained conversion rates presented at Figure 3, 

show that after 90 min of irradiation, the different light sources 

efficiencies for BA removal from low to high were the 

LED@375nm (50.3%), the sunlight (88.2%) and the UV Lamp 

about:blank


L PAPER    

4 

 

(100%), respectively. According to Table 7, the band gap of the 

composite can be excited by the three irradiation sources based 

on their respective wavelength domains.  The excitation of POM 

encapsulated into the composite produces hydroxyl and peroxide 

radicals which oxidize BA. The BA adsorbed on its surface can 

also react directly with the produced e-/h+ at the surface of the 

composite[64].  

The reason for the high degradation rates achieved upon 

application of the photocatalytic system under solar (766 

mW/cm2) and UV lamp irradiations (250 mW/cm2) are due to a 

larger excitation domain and a higher intensity compared to the 

LED source (70 mW/cm2).  

 

Figure 3. Conversion of Bisphenol-A in the presence of the composite under 

(1) UV Lamp, (2) sunlight, (3) LED@375nm, and without the composite under 

(4) UV Lamp, (5) sunlight and (6) LED@375nm. [BA]0=15 ppm, pH=6.5. 

 

In fact, an increasing the power of the UV lamp induces an 

improvement on BA degradation reaching 100% after 90 min of 

250 mW/cm2 irradiation (Figure 4 ((A) and (B)). The conversion 

rate increases linearly with the intensity. Such observations have 

also been reported in the literature by Son et al. who studied the 

degradation of BA[66] and by Pirgholi-Givi et al. who applied 

titanium dioxide nanostructures for the removal of Methylene Blue 

from water under different sources of irradiation[67]. Aguado et al. 

have also noticed that photocatalytic reaction kinetics is 

proportional to the irradiation source intensity and to the square 

root of light intensity if this one is beyond 250 W/m2 [68]. 

 

 

 

 

 

 
Figure 4. (A) Photodegradation of Bisphenol-A as a function of time, at various 

UV lamp Intensity in the presence of H3PMo12O40/polymer composite in water: 

(1) 250 mW/cm2; (2) 125 mW/cm2; (3) 70 mW/cm2 and (4) 20 mW/cm2. (B) Effect 

of the intensity of irradiation on the conversion rate of Bisphenol-A in the 

presence H3PMo12O40/polymer composite in water.  

The efficiency of the H3PMo12O40/polymer composite was 

compared to that of W10O32(TH)4/polymer composite and to 

Titanium dioxide/polymer as TiO2 is the most widely used 

photocatalyst nowadays under UV light. All composites were 

synthesized under the same operating conditions (Figure 5). 

 

 

 

 

 

 

 

 

 

 
Figure 5. Bisphenol-A photolysis (1) without photocatalysts presence and in 

the presence of (2) Suspended TiO2, (3) TiO2/polymer composite, (4) Polymer, 

(5) W10O32(TH)4/polymer composite, (6) H3PMo12O40/polymer composite and 

(7) Suspended W10O32(TH)4, under UV lamp irradiation. [BA]0=15ppm, pH=6.5. 

In the dark (Figure 5), phosphomobolybdic and 

decatungstate composites show limited ability to adsorb BA in the 

dark compared to the polymer without catalysts which adsorbs the 

highest quantity of BA (18%). This better adsorption is ascribed to 

the larger BET surface area of 9.3 m2/g comparing to the 

decatungstate and phosphomolybdic composites which have a 

BET surface area of 5.4 m2/g and 1.32 m2/g respectively (Table 

7). Moreover, approximatively 10% and 6% of BA are adsorbed 

respectively by 0.53 g/L of suspended TiO2 and W10O32(TH)4, 

comparing to 13% and 7% adsorbed respectively by 

W10O32(TH)4/polymer and TiO2/polymer composites. 

Under irradiation, Figure 5 shows a comparative study 

between the different synthesized materials as well as the 

suspended catalysts used for the BA removal. The two 

POM/polymer composites exhibit a high BA photocatalysis under 

UV lamp irradiation. In fact, approximately 100% and 95% of this 

compound is removed by H3PMo12O40/polymer and 

W10O32(TH)4/polymer composites, respectively after 1 hour of 

irradiation. The most efficient photocatalyst was the 

phosphomolybdic composite, which is more easily reduced than 

the decatungstate composite, thanks to the higher redox potential 

of the molybdate POM (approximatively a difference of 0.4V)[69,70]. 

Furthermore, a molybdate kegging type polyoxometalate can 

accept between 1 e- and 12 e-, however, the decatungstate can 

accept only 1 or 2e-[70].The decatungstate composite is also more 

efficient than titanium dioxide/polymer composite despite a similar 

band gap. This high removal percentages are achieved thanks to 

the polyoxometalates redox properties.  

The in situ embedded photocatalyst in the composite 

has a lower efficiency compared to the suspension. This behavior 

is confirmed in the case of decatungstate POM, which removed 

100% of BA in 30 min under UV lamp irradiation when it is used 

in suspension (Figure 5 (curve 7)) vs. 41% in composite (Figure 5 
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(curve5)). On the contrary, for the titanium dioxide, its presence 

in composite increases its efficiency to 41% after 60 min of 

treatment. (Figure 5 (curves 2 and 3)) vs. 24% in suspension. This 

improvement of the conversion rate suggests a better TiO2 

photocatalytic behavior in the polymer. 

The kinetics of BA photolysis and photodegradation by 

the different developed materials was quantitively investigated by 

fitting the zero order, pseudo first-order and pseudo second-order 

equations to the experimental data. These models are given by 

the following equations[71]: 

                       C0-C = kapp,0 t            (1) 

                           -Ln(C/C0) = kapp,1 t       (2) 

                      (C0-C)/(C*C0) = kapp,2 t      (3) 

C and C0 designate respectively the BA initial concentration and 

at time t, kapp,0 is the zero-order rate constant (mg L-1min-1), kapp,1 

is the first-order rate constant (min-1), kapp,2 is the second-order 

rate constant (L mg-1 min-1) and t the time. Therefore, kapp gives 

an indication of the activity of the catalyst. Results are shown in 

Table S1. 

As shown in Table S1, regression coefficients (R2) 

calculated based on the zero order and second-order reactions, 

are very low and ranged from 0.771 to 0.976 and from 0.563 to 

0.9924, respectively, thus displaying that BA degradation by the 

different developed composites does not follow the zero-order 

and pseudo-second-order kinetics. However, the experimental 

data exhibits a good fitting with the pseudo-first-order kinetic since 

the calculates regression coefficients varied between 0.955 and 

0.998 confirming that BA is degraded by the different synthesized 

photocatalysts according to this kinetic model. 

In order to evaluate the newly developed POM/polymer 

composites efficiencies on the BA photodegradation under UV 

illumination, we have compared this pollutant average 

degradation, the active surface area and the photocatalyst 

amount fixed at the material surface of the synthesized 

composites with the different immobilized photocatalysts reported 

in the literature (Table 2). Therefore, a coefficient D* representing 

the ratio between average degradation and the active surface 

area of the immobilized photocatalysts, was calculated (Table 2: 

coefficient D*).  

Table 2. Comparative study of the different immobilized photocatalysts used for 

Bisphenol-A photodegradation. 

Photocataly

st 

Light 

sourc

e 

 D* [a] Catalys

t 

amount 

(mg) 

Specific 

surface 

area 

(m2/g) 

kapp 

(min-1) 

Refere

nces 

H3PMo12O4

0/polymer 

composite 

UV 

light 

3.55*10-4 1.6 1.3 4*10-2 This 

work 

  Sunli

ght 

3.13*10-4 1.6 1.3 - 

W10O32(TH)

4/polymer 

composite 

UV 

light 

3.37*10-4 1.6 5.4 3.67*10
-2 

This 

work 

TiO2/polym

er 

composite 

UV 

light 

1.77*10-4 1.6 - 8.2*10-3 This 

work 

TiO2–

BHFM 

(bauxite-

based 

hollow fiber 

membrane)  

UV 

light 

(30W 

4.33*10-6 - - - [72] 

Visibl

e 

light 

2.89*10-6 - - - 

TiO2  

ZnO 

 

immobilized 

on glass 

plates by a 

heat 

attachment 

method 

Solar 

simul

ator  

2.53*10-3 

2.84*10-3 

339 

15.3 

 

15-25 

50 

15 

*10−3 

11*10−3 

[73] 

Au/ZnO 

hybrid 

inverse-

opal  

simul

ated 

solar 

light 

1.67*10-4 3500 21.2 - [74] 

Fe2O3/g-

C3N4@N-

TiO2 

nanotubes 

Simul

ated 

sunli

ght 

1.86*10-3 -  3.34*10
-2 

[75] 

0.15 

BiOI/ZnO 

NRs 

immobilized 

Indium tin 

oxide (ITO) 

glass  

visibl

e-

light 

irradi

ation  

9.27*10-4 10 - - [76] 

10 - - 

[a] Average degradation/Material active surface (mg.min-1.cm-2). D* was 

calculated by this paper’s authors. 

The most relevant photocatalysts were identified by the 

highest ratios between the average degradation and the catalyst 

amount. The most distinguished high-performing ones are the 

ZnO or TiO2 catalysts powders immobilized on glass plates by a 

heat attachment method[73] and the BiOI/ZnO NRs immobilized on 

an Indium tin oxide (ITO) glass (1.5 × 3.0 cm2) by a solvothermal 

process[76] used respectively under solar simulator accompanied 

by an ultrasonic radiation and visible-light irradiation (Table 2). 

Interestingly, we have noticed that the photocatalysts efficiencies 

didn’t depend only on their amount or their active surface area but 

also on the chosen irradiation source.  

Furthermore, results reported in Table 2 show also that 

ratio between BA average degradation and photocatalysts active 

surface area (coefficient D*) of the Fe2O3/g-C3N4@N-TiO2 

nanotubes[75], 0.15 BiOI/ZnO NRs[76], TiO2 and SiO2 immobilized 

on glass plates[73] are higher than those of the POM/polymer 

composites which could reflect a better photocatalytic ability. 
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However, the photocatalysts amount used for the development of 

those materials are much higher than the POM quantity used here 

for the POM/polymer composites synthesis. In fact, an average 

degradation of 6.66*10-4 mg.min-1 is achieved by using a 1.88 cm2 

pellet containing just 1.6 mg of H3PMo12O40 or W10O32(TH)4. 

However, BA is degraded at 6.39*10-3 mg.min-1 by 15.3 mg of 

ZnO fixed into 2.25 cm2 glass plates which is one of the most 

performant system deduced from bibliography. Therefore, we can 

assume that our new developed materials are more efficient and 

performant for BA photodegradation than those reported in Table 

2, since the surface area and the POMs quantity are minimal 

compared to that used in the literature. 

In order to confirm BA degradation percentages 

calculated by UV-Visible absorption spectroscopy mass 

spectrometry analysis were realized at different irradiation times. 

The comparison between the results obtained by these two 

methods are shown in Figure 6 and Table 3. 

 

Study of Bisphenol-A photodegradation in water by mass 

spectrometry 

 

The kinetics of BA photodegradation by 

H3PMo12O40/polymer composite was investigated by mass 

spectrometry. The experimental data were plotted using the 

logarithm of the measured concentrations ratio. the curves 

obtained are linear and follow the catalytic model of pseudo-first 

order (Figure 6) indicated by the equation (2). 

 

 

 

 

 

 

 

 

 
Figure 6. Study of the BA degradation kinetics under UV lamp irradiation by two 

different analysis methods: Mass spectrometry VS UV-visible absorption 

spectroscopy. 

Table 3.  Study of the BA degradation kinetics by two methods. 

Methods kapp (min-1) R2 

UV-Visible spectrometry 0.047 0.973 

Mass spectrometry 0.044 0.972 

 

The rate constants values for photocatalytic BA 

degradation calculated by UV-Visible spectroscopy and mass 

spectrometry methods shown in Table 3, are approximatively the 

same which strongly confirms the exactitude of the obtained 

results. The final conversion percentages of BA under different 

irradiation sources, determined by UV-Vis spectroscopy are 

confirmed by mass spectrometry (Table 4, Figure 7).  

Table 4.  Study of the BA degradation kinetics by two methods. 

Irradiation source % of conversion of BA after irradiation  

UV-Vis spectrometry Mass spectrometry 
 

UV lamp 100 100 

Solar irradiation 88 89 

LED@375nm 50 60  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. (a) Negative electrospray mass spectrum of the BA sample before 

photodegradation calibrated for exact mass measurement (targeted ion is 

detected at m / z=227.1) (b) High resolution mass spectrum in negative 

electrospray mode of the Bisphenol-A sample after photodegradation using 

H3PMo12O40/polymer composite under UV lamp irradiation and (c) Negative 

electrospray mass spectrum of the analytical blank Study of the BA. 

 

Table 4 and Figure 7 show that the heterogeneous 

photocatalytic operating under UV lamp irradiation and solar 

irradiation promoted the removal of BA with high efficiencies, at 

rates reaching 100% and 88%, respectively, after 90 min of 

exposure. No by-products have been identified by mass 

spectrometry which strongly suggest the total mineralization of 

this compound. In fact, the disappearance of the characteristic 

peak of BA at m/z=251.1 after the irradiation confirm the total 

degradation of this pollutant.  

 

 Mechanism of photodegradation 

 

(a) 

(b) 

(c) 
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The samples collected during the degradation 

experiments were analyzed by mass spectrometry. The HRMS 

data and the mass spectra obtained shown in Table 5 allowed the 

identification of an intermediate arising from the photodegradation 

of BA which is the dihydroxylated Bisphenol-A (I2). This by-

product was previously reported in the literature by Xiao and 

coworkers who applied a nanoscale zero-valent 

iron/percarbonate system for BA elimination[77], by Sharma et al. 

who investigated BA photo-oxidation with hydrogen peroxide and 

sodium persulfate[78] and by few other researchers[1,79–81]. 

Table 5. Identification of the by-product (I2) by mass spectrometry. 

  m/z 

Theoretical values  259.0976 

Experimental values 

1 259.0975 

2 259.0976 

3 259.0978 

 

Based on the literature and the identified by-product, a 

degradation mechanism for the BA degradation could therefore 

be proposed as outlined in Figure 8. In fact, this photodegradation 

route is based on hydroxyl radical production which is in 

agreement with our previous works[64]. These highly reactive °OH 

species, react firstly with the BA aromatic ring to form I1 and I2. 

The information provided by mass spectrometry, were insufficient 

to establish the correct hydroxyl radical position in the chemical 

by-products structures. These two intermediates undergo 

successive hydroxylations, followed by C-C cleavage and ring 

opening giving linear carboxylic acids, CO2 and H2O.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Proposed Bisphenol-A degradation pathways by H3PMo12O40/polymer 

composite in agreement with previous studies[80–83]. The detected intermediate 

is I2. 

 

Conclusion 

In our previous papers, we have reported the 

development under mild and simple conditions of 

inorganic/organic hybrid composites based on polyoxometalates 

by photopolymerization under visible light[64]. 

In this work, we investigated BA photodegradation by 

these new synthesized hybrid materials, under different irradiation 

sources and without the addition of oxidative agents in the 

aqueous solutions. High removal rates of this pollutant were 

achieved under solar and UV Lamp irradiation, thanks to the 

overlap of their emission spectrum with the phosphomolybdic 

composite absorption spectra. The total BA mineralization 

obtained after 90min of irradiation under UV lamp was verified by 

mass spectrometry analysis. Furthermore, the new developed 

POM/polymer composites are more efficient and performant for 

BA photodegradation comparing to fixed photocatalysts reported 

in the literature between 2000 and 2020. This conclusion was 

obtained by calculating ratios (D*) between the average 

degradation and the active surface are of the different materials. 

These coefficients were subsequently correlated to the initial 

amount of photocatalysts. Therefore, the new materials display 

better photocatalytic activity, since the surface area and the 

POMs quantity used for the POM/polymer composites synthesis 

are minimal compared to those used in the literature. 

The degradation kinetics of this organic pollutant was 

also monitored by UV-Visible spectrometry and was confirmed by 

Mass spectrometry which furnished valuable information that 

allowed in addition to the literature data the identification of BA 

degradation mechanism pathway.  

 

Experimental section 

Chemical compounds 

H3PMo12O40
[84], W10O32(Thianthrenium)4

[85] were 

synthesized according to reported procedures. The monomer 

trimethyl-propane triacrylate (TMPTA) used for radical 

polymerization was purchased from Allnex. Bis(4-tert-

butylphenyl) iodonium hexafluorophosphate (Iod 

orSpeedcure938) and bis(2,4,6-trimethyl-benzoyl) phenyl-

phosphine oxide (BAPO or speedcure BPO) were acquired from 

Lambson Ltd. Bisphenol-A (2,2-Bis(4-hydroxyphenyl) propane) 

was obtained from TCI and titanium dioxide was procured from 

Bisphenol-A: C15H16O2 

MW=228.11 g/mol 

I1:C15H16O3 

MW=244 g/mol 

 

or 

I2: C15H16O4  

MW=260 g/mol 

I3: C9H10O2 

MW=150 g/mol  

I5: C8H8O2  

MW=136 g/mol 

I4: C6H6O2 

MW=110 g/mol  

Ring opened products: low 

molecular weight products 

+ H2O + CO2   

javascript:;
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Alfa Aesar. The physiochemical properties of Bisphenol-A and 

titanium dioxide are reported in Table 6. The chemical structures 

of the reagents used in this study are given by Figure 9. 

The synthesis and the characterization of the 

H3PMo12O40/polymer and W10O32(TH)44/polymer composites were 

detailed in our previous work.[64] Main properties are discussed in 

our previous work[65], The dimension, the BET surface area and 

the band gap energy of the different prepared materials are 

reported in Table 7. 

     

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Chemical structures of the compounds used in this work. 

 

Table 6. Physicochemical characteristics of Bisphenol-A and Titanium dioxide. 

Compounds Physiochemical properties 

 Molecular formula  C15H16O2 

Molecular 

weight(g/mol) 

228.287[85] 

Water solubility  120-300 mg/L at 25ºC in 

water[85] 

Dissociation constant 

(pKa) 

10.29 ± 0.69[85] 

Max absorption (nm) 227-275 (η- π* transitions 

of the aromatic ring)[86] 

Concentration (mg. L-1) 15 

pH of the Bisphenol 

solution in water 

6.5 

Form  White flakes or crystal[85] 

Table 7. Characteristics of the developed materials[65]. 

Characteristic

s  

Developed materials 

H3PMo12O40/

polymer 

W10O32(TH)4/

polymer  

TiO2/po

lymer  

polymer 

Band Gap 

Energy (e.V)  

2.8 

 

3.2 3.1 

 

3.9 

 

BET surface 

area (m².g-1) 

1.3 ± 0.11 5.4 ± 0.11 - 9.3 ± 0.37 

 

 

Irradiation Sources 

As sources of irradiation, we have used a Light-Emitting Diodes 

(LED): LED@375 nm, I0 = 70 mW/cm2, an Omni-cure Dynamics 

lamp, Serie 1000 Lumen (I0 = 250 mW/cm2, λ=320-520 nm) and 

the solar irradiation (λ>290 nm). Solar photolysis has been 

realized on July 24, 2019 at 2 PM, in Mulhouse, France, Northeast 

30°, North 47°43’46’’, East 7°18’35’’. The intensity of solar 

irradiation, measured by ‘’Meteo Alsace’’ was equal to 766 

mW/cm2 [87]. this value corresponds to the average intesity 

calculated for the whole solar spectrum. However, the real 

intensity absorbed by photocatalysts during the photocatalytic 

tests was much lower than that. 

 

Photocatalysis Experiments 

Bisphenol-A samples were prepared by dissolving 15 mg in 1 L of 

distilled water corresponding to an initial concentration of 

66µmole/L. The pH of the solution is equal to 6.5. 

When experiments were carried out in the presence of 

POM/polymer composites, the prepared composite (pellet) were 

added directly in the UV-cuvette in the presence of 4 ml of the BA 

solution (15 ppm). In all cases, monitoring of the compound 

concentrations in solution over time was performed using a 

JASCO V730 spectrophotometer. The solutions were analyzed in 

a spectrophotometer cell with 1 cm path length, and data were 

collected in absorbance mode. The Figure 2 presents the UV-vis 

spectra of BA with a main absorbance at 224 nm, this absorbance 

will be used to monitor the conversion rate (%) related to the BA 

degradation in the solution. 

 

Mass Spectroscopy Experiments 

The analyzes were carried out with a SYNAPT G2 HDMS 

(Waters) mass spectrometer equipped with a pneumatically 

assisted air pressure ionization (API) source. Mass spectra (MS) 

were obtained with a flight time analyzer (TOF). Exact mass 

measurement was done in triplicate with an external calibration. 

The sample of treated BA solution is diluted 1/10 in a solution of 

methanol at 0.1mM of sodium chloride. The obtained solution is 

introduced into the infusion ionization source at a flow rate of 10 

μl/min. 

 

Keywords: photopolymerization, photocatalysis, sustainable 

chermistry, Organic-inorganic hybrid composites, Organic 

pollutants. 

 

Bisphenol-A      TMPTA     BAPO 

Polyoxometalate 
H3PMo12O40 

Iodonium salt 

Polyoxometalate 
W10O32(TH)4 

https://onlinelibrary.wiley.com/action/doSearch?field1=Keyword&text1=%22Organic-inorganic%20hybrid%20composites%22&publication%5b%5d=15213757&publication%5b%5d=15213773&publication%5b%5d=10990682c&publication%5b%5d=10990690&publication%5b%5d=15213765&publication%5b%5d=16154169&publication%5b%5d=15213749&publication%5b%5d=14397641&publication%5b%5d=14397633&publication%5b%5d=18607187&publication%5b%5d=1861471X&publication%5b%5d=15214109&publication%5b%5d=16156854&publication%5b%5d=16110218&publication%5b%5d=16147065&publication%5b%5d=18681751&publication%5b%5d=18673899&publication%5b%5d=18695868&publication%5b%5d=21926506&publication%5b%5d=21911363&publication%5b%5d=21960216&publication%5b%5d=21935815&publication%5b%5d=23656549&publication%5b%5d=2199692X&publication%5b%5d=23670932&publication%5b%5d=25666223&sortBy=Earliest
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New inorganic/organic phtotocomposites based on 

Polyoxometalate (POM) have been successfully synthesized by 

photopolymerization process upon mild visible light irradiation at 

405 nm. Compared to Titanium dioxide as well as the most 

relevant immobilized catalysts reported in the literature, these 

photocatalysts exhibited high catalytic activity for Bisphenol-A 

removal from water under solar irradiation and UV lamp 

irradiation.  
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