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Additional Experimental section 

Nanocomposites’ adsorption capacity and photocatalytic activity towards BF 

In order to study the adsorption capacity of the nanocomposites towards BF, 23 mg of 

the nanocomposites were added into 50 mL of BF solution (1 mg/L, pH = 6) with 

stirring under dark conditions for 430 min (concentration of the nanocomposite: 460 

mg/L). The pH 6 is the natural pH observed when a solution of BF (at the used 

concentration) is dissolved in water without the addition of an acid or a base. During 

the adsorption, samples were withdrawn at adsorption times of 5, 10, 20, 30, 40, 60, 

80, 100, 120, 140, 160, 180, 190, 195, 200, 210, 220, 240, 260, 280, 310, 340, 400 
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and 430 min.  

To evaluate both the adsorption capacity and the photocatalytic degradation ability of 

the nanocomposites towards BF in the conditions used in this study, 23 mg of the 

nanocomposites were added into 50 mL of BF solution (BF concentration: 1 mg/L, 

pH = 6, nanocomposites concentration: 460 mg/L) under stirring in dark conditions 

for 190 min to reach the adsorption-desorption equilibrium. During the adsorption, 

samples were withdrawn at adsorption times of 5, 10, 20, 30, 40, 60, 80, 100, 120, 

140, 160, 180 and 190 min. After that, the remaining solution was placed under 

visible-light irradiation and stirring for 240 min. Samples were taken at 0 min 

(equivalent to 190 min in the former adsorption process, without irradiation) 5, 10, 20, 

30, 50, 70, 90, 120, 150, 210 and 240 min of visible-light irradiation.  

All the samples were centrifuged with an Eppendorf 5417 centrifuge (Hamburg, 

Germany) for 20 min at 20817 g and 20 °C to remove the suspended nanocomposites. 

The absorbance changes of the BF solutions were spectrophotometrically monitored 

at the BF absorption maximum (543 nm). 

Nanocomposites’ adsorption capacity and photocatalytic activity towards CIP 

To evaluate both the adsorption capacity and the photocatalytic degradation ability of 

the nanocomposites towards CIP, 23 mg of the nanocomposites were added into 50 

mL of CIP solution (CIP concentration: 1 mg/L, pH = 4.3, nanocomposites 

concentration: 460 mg/L) under stirring and dark conditions for 100 min to reach the 

adsorption-desorption equilibrium. During the adsorption, samples were withdrawn at 

adsorption times of 5, 10, 20, 30, 40, 60, 80 and 100 min. After that, the solution was 

placed under visible-light irradiation and stirring for 240 min. During the visible-light 

irradiation, samples were taken at 0 min (equivalent to 100 min in the former 

adsorption process, without irradiation) 5, 10, 20, 30, 50, 70, 90, 120, 150, 180, 210 

and 240 min after the visible-light irradiation started. All samples were centrifuged for 

20 min at 20817 g and 20 °C to remove the suspended nanocomposites. The 

absorbance changes of CIP were spectrophotometrically monitored at the CIP 



absorption maximum (277 nm). 

Additional results and discussion 

Adsorption capacity and photocatalytic activity of the nanocomposites towards BF 

In order to study the photocatalytic degradation ability of the nanocomposites towards 

BF (1 mg/L), the adsorption capacity was first investigated. The experimental results 

shown in Figure S1 show that, after 430 min, the adsorption percentage of BF was 

87%.  

 

Figure S1. (a) Temporal variation of BF absorption spectrum and (b) adsorption kinetic curve of BF (1 

mg/L, pH = 6) in the presence of the nanocomposites (460 mg/L) under dark conditions for 430 min. 

Afterwards, the adsorption and visible-light photocatalytic degradation of BF by the 

nanocomposites were assessed (Figure S2). The nanocomposites were mixed with BF 

(1 mg/L) and stirred under dark conditions for 190 min, when an adsorption 

percentage of 81% was registered. Subsequently, the mixture was placed under 

visible-light irradiation for 240 min. After this time, only 8% of BF was apparently 

removed. Overall, 89% of BF was removed by the nanocomposites after 430 min of 

adsorption and subsequent photocatalytic degradation. Nevertheless, this value was 

similar to the one obtained when BF was only adsorbed by the nanocomposites (87%, 

Figure S1), indicating that the visible-light photocatalytic activity of the 

nanocomposites towards BF is negligible, and that the decrease of absorbance under 

visible-light irradiation has to be ascribed to the ongoing adsorption process.  



Figure S2. (a) Temporal variation of BF absorption spectrum and (b) kinetic curve of BF (1 mg/L, pH = 

6) in the presence of the nanocomposites (460 mg/L) under 190 min dark conditions and subsequent 

240 min of visible-light irradiation. The light blue line indicates the start of the visible-light irradiation 

process. 

Pseudo-first-order (Equation [2]) and pseudo-second-order (Equation [3]) models 

were used to analyze the adsorption kinetics of the nanocomposites towards BF in 

Figure S1. The results are shown in Figure S3 and Table S1, which show that the 

kinetic data are better fitted with the pseudo-second-order model than with the 

pseudo-first-order one. The first piece of evidence for this conclusion is that the 

correlation coefficient value of the pseudo-second-order fitting (R2 = 0.9958) resulted 

higher than the one obtained with the pseudo-first-order one (R2 = 0.8961). Another 

piece of evidence is that the theoretical equilibrium adsorption capacity (qe = 2.01 

mg/g) calculated using the pseudo-second-order model was closer to the experimental 

equilibrium adsorption capacity (qe,exp = 1.91 mg/g). The adsorption rate constant of 

the pseudo-second-order (k2) resulted 0.0199 g·mg-1·min-1. Besides, the adsorption 

kinetics of BF by the nanocomposites were better fitted with the pseudo-second-order 

model, indicating that the adsorption depends on both adsorbate and adsorbent and 

their interaction mainly controls this process1–3.  



  

Figure S3. Adsorption kinetics of BF on the nanocomposites: (a) pseudo-first-order fitting and (b) 

pseudo-second-order fitting (initial concentration of BF: 1 mg/L, pH = 6, concentration of the 

nanocomposites: 460 mg/L). 

 

Table S1. Model parameters of adsorption kinetics for BF adsorption by the nanocomposites under dark 

conditions for 430 min. 

Pollutant 
qe,exp 

(mg·g-1) 

Pseudo-first-order model Pseudo-second-order model 

qe 

(mg·g-1) 

k1 

(min-1) 
R2 

qe 

(mg·g-1) 

k2 

(g·mg-1·min-1) 
R2 

BF 1.91 1.05 0.0099 0.8961 2.01 0.0199 0.9958 

 

Nanocomposites’ adsorption capacity and photocatalytic activity towards CIP 

As reported in our former publication4, CIP (5 mg/L, pH = 3) could only be degraded 

by the nanocomposites through photocatalysis under visible-light irradiation, but 

could not be adsorbed by the nanocomposites. In order to determine the adsorption 

capacity and the photodegradation ability of the nanocomposites towards CIP at the 

initial concentration of 1 mg/L (pH = 4.3), adsorption and photodegradation 

experiments were performed. The nanocomposites were dispersed in a CIP solution 

with 1 mg/L concentration and placed under stirring and dark conditions for 100 min. 

The adsorption percentage was 21% after 40 min (Figure S4). This value is higher 

compared to the previous results obtained for a 5 mg/L CIP solution (2%)4: this can be 



ascribed to a different ratio CIP/nanocomposites. The observed pH increase from 3 to 

4.3 might also play a role in the adsorption capacity of CIP by the nanocomposites. 

Since the pKa of methacrylate groups in the nanocomposites is 4.28, at pH = 4.3 a 

higher number of carboxylate groups are deprotonated and can interact with CIP5. The 

adsorption experiment was prolonged for another additional 60 min, showing the 

same percentage decrease. The results in Figure S4(b) suggest that the 

adsorption-desorption equilibrium was reached after 40 min. After 100 min adsorption 

under dark conditions, the mixture of CIP and nanocomposites was irradiated with 

visible light (Figure S4, part on the right side or the bottom side in respect to the light 

blue line). The results show that the degradation efficiency of CIP by the 

nanocomposites was 88% after 240 min of visible-light irradiation.  

 

Figure S4. (a) Temporal variation of CIP absorption spectrum and (b) kinetic curve of CIP solution (1 

mg/L, pH = 4.3) in the presence of the nanocomposites (460 mg/L) under 100 min dark conditions and 

subsequent 240 min visible-light irradiation. The light blue line indicates the start of the visible-light 

irradiation step.  

Figure S5 and Table S2 show that the adsorption kinetics data for CIP in the presence 

of the nanocomposites under dark conditions for 100 min are better fitted with the 

pseudo-second-order model than with the pseudo-first-order one. There are two pieces 

of evidence for this result. The first one is the correlation coefficient value of the 

pseudo-second-order fitting (R2 = 0.9223) which is higher than the one obtained for 

the pseudo-first-order one (R2 = 0.6493). The other one is that the theoretical 



equilibrium adsorption capacity (qe = 0.69 mg/g) calculated by the 

pseudo-second-order model is closer to the experimental equilibrium adsorption 

capacity (qe,exp = 0.59 mg/g). The adsorption rate constant of the pseudo-second-order 

(k2) is 0.1051 g·mg-1·min-1. The adsorption kinetics for CIP in the presence of the 

nanocomposites was better fitted with the pseudo-second-order model, indicating that 

the adsorption of CIP on the nanocomposites depends both on the adsorbate and the 

adsorbent and that their interaction mainly controls the process1–3. 

 

Figure S5. Adsorption kinetics of CIP on the nanocomposites under dark conditions for 100 min: (a) 

pseudo-first-order fitting and (b) pseudo-second-order fitting (initial concentration of CIP: 1 mg/L, pH = 

4.3, concentration of the nanocomposites: 460 mg/L). 

Furthermore, the photocatalytic degradation kinetics of CIP by means of the 

nanocomposites was analyzed by using equation [4]. The resulting degradation rate 

constant was 4.31·10-3 min-1. 

Table S2. Model parameters of adsorption kinetics of CIP in the presence of the nanocomposites under 

dark conditions for 100 min. 

Pollutant 
qe,exp 

(mg·g-1) 

Pseudo-first-order model Pseudo-second-order model 

qe 

(mg·g-1) 

k1 

(min-1) 
R2 

qe 

(mg·g-1) 

k2 

(g·mg-1·min-1) 
R2 

CIP 0.59 7.66 0.2162 0.6493 0.69 0.1051 0.9223 

 



In conclusion, on the contrary of BF, CIP (in a concentration of 1 mg/L, pH = 4.3) 

could be adsorbed and efficiently degraded (under visible-light irradiation) by the 

nanocomposites. 

Nanocomposites’ adsorption capacity and photocatalytic activity towards a mixture 

of BF and CIP 

Mixture 1: 

 

Figure S6. Adsorption kinetics fitting at 543 nm of BF in the presence of the nanocomposites for 340 min 

(the first 100 minutes in the dark and the second 240 minutes under visible-light irradiation, experiment 

Mixture 1): (a) pseudo-first-order fitting and (b) pseudo-second-order fitting. 

 

Figure S7. Pseudo-first-order kinetic fitting at 277 nm of CIP in the presence of the nanocomposites 

under visible-light irradiation for 240 min (0 min in Figure S7 is the 100 min in Figure 1 and is the 



beginning of the photocatalytic experiment under visible-light irradiation). These are the results for the 

experiment Mixture 1. 

 

Mixture 2: 

 

Figure S8. Adsorption kinetics fitting at 543 nm of BF in the presence of the nanocomposites over the 

240 min of stage 3: (a) pseudo-first-order fitting and (b) pseudo-second-order fitting (0 min in Figure S8 

corresponds to 290 min in Figure 2 and is the beginning of photocatalytic experiment under visible-light 

irradiation). 

 

 

Figure S9. Pseudo-first-order kinetic fitting at 277 nm of CIP in the presence of the nanocomposites 

under visible-light irradiation over the 240 min of stage 3 (0 min in Figure S9 corresponds to 290 min in 

Figure 2 and is the beginning of photocatalytic experiment under visible-light irradiation). 

 



Mixture 3: 

 

Figure S10. Adsorption kinetics fitting at 543 nm of BF by the nanocomposites for 300 min: (a) 

pseudo-first-order fitting and (b) pseudo-second-order fitting (0 min in Figure S10 corresponds to 340 

min in Figure 3 and is the beginning of the adsorption experiment towards BF under visible-light 

irradiation). 
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