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S1 Experimental details 

S1.1 Materials 

Methyl-Methacrylate (MMA), anthracene (AN), anthraquinone (AQ), 1-hydroxy-

anthraquinone, azobisisobutyronitrile (AIBN), tetrahydrofuran (THF), acetonitrile (ACN) 

(HPLC grade), and water (HPLC grade) were purchased by Sigma-Aldrich. Titanium(IV) 

oxide, Aeroxide® P25, was purchased by Acros-Organics.  

 

S1.2 Instruments 

Thermogravimetric analyses were conducted using a Perkin-Elmer TGA 7 equipped with a 

TAC 7/DX with a thermal ramp of 10 °C min−1, range 50-800°C, in air atmosphere (60 mL 

min-1). 
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UV–visible spectra were recorded on an Agilent Technologies Cary60 UV-vis 

spectrophotometer at 25 ± 0.1 °C, using quartz cuvettes (1 cm path length) and 

water/acetonitrile (HPLC grade) as solvent. 

Fluorescence spectra were recorded on a FLS1000 fluorometer (Edinburgh Instruments) 

equipped with a PMT-980 detector. Slits were kept to 2nm for excitation and emission. All the 

measurements were carried out at 25 ± 0.1 °C in quartz cuvettes with a path length of 1 cm and 

water/acetonitrile (70/30 v/v) as solvent.  

The HPLC analyses were performed on a Hewlett-Packard 1100 chromatograph with an online 

diode array detector (DAD), fluorescence detector (Kontron SFM). An isocratic elution of water 

and acetonitrile (15% and 85%) was used to elute the compounds at a flow rate of 1 mL min-1. 

Samples and standards (20μL) were injected onto a reverse-phase C18 column (Lichrosphere; 

4.6 mm x 250mm). The results are reported as molar concentrations calculated after the 

correlation of integrated peaks with their respective standard curves. 

Laser flash photolysis (LFP) measurements were conducted with a pulse Nd: YAG laser 

used for the excitation at 355 nm. The single pulses were ca. 10 ns duration, and the energy was 

12 mJ pulse-1. A pulsed Xe lamp was employed as detecting light source. The LFP apparatus 

consisted of the pulsed laser, the Xe lamp, a monochromator, and a photomultiplier made up 

of a tube, housing, and power supply. The output signal from the oscilloscope was transferred 

to a personal computer. 

 

S2 Synthesis procedures  

S2.1 PMMA/TiO2 nanocomposite (PTn) synthesis 

The PMMA/TiO2 nanocomposite was obtained by radical in-situ bulk polymerization.  
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Briefly, MMA monomer was purified by means of a chromatographic column packed with a 

double layer sodium-sulfate / basic alumina. The purified MMA (15 g, ⁓150 mmol) was kept 

into a 20 mL vial and 750 mg of Aeroxide® TiO2 P25 were added. The mixture was sonicated 

for 30 minutes. Then, AIBN (500 mg) initiator was added, and the polymerization was 

performed in a heating bath at 55 °C for 20 hours. Finally, the mixture was dissolved in THF 

and precipitated in n-hexane. The nanocomposite obtained was separated by filtration and dried 

in a vacuum oven (50°C, 48 hours).  

 

S2.2 Production of PMMA-TiO2 NPs blend (PTb) 

Briefly, PMMA homopolymer (100 mg) and TiO2 NPs (5 mg) were mixed in THF (5 mL) by 

using an ultrasonic bath (30 min). Then, the obtained blend was deposited onto the inner wall 

of a 150 mL glass test tube, covering 180° of the test tube circumference (surface area of about 

58 cm2) and dried in a vacuum oven (50°C, 48 h) before the photocatalytic experiment.  

 

S3 UV-Vis spectroscopy 

 

Fig. S3 UV-Vis normalized spectra of PTn thin film. 
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S4 Thermogravimetric analysis (TGA) 

 

Fig. S4 TGA traces of PMMA (blue line), PTn (black line) and PTb (red line), air atmosphere. 

 

The TGA trace of PMMA (Fig. S4), shows a single step degradation (PDT 329 °C) mainly 

attributable to random chain scission depolymerization. The PTb sample (Fig. S4, red line) 

shows a first degradation step at 148°C, attributed to the depolymerization from head-to-head 

linkages, and a second degradation step combining two PDTs at 305 °C and 358 °C, attributed 

to the depolymerization events initiated by the unsaturated vinylidene ends and random scission 

events, respectively. Thus, the presence of the photocatalyst nanoparticles affects the polymer 

oxidative degradation probably interacting with the radical species produced during the 

oxidative heating. On the other hand, the PTn clearly shows three degradation steps at PDT 143 

°C, 303°C and 369°C, respectively. This effect could arise from the in-situ polymerization 

approach affecting the PMMA structure, which results different than that of the bulky PMMA. 

 

S5 Photocatalysis experiments 

For each sample, about 12 mg of sample was dissolved in THF (1.5 mL) and deposited onto the 

inner wall of a 150 mL glass test tube, covering 180° of the test tube circumference (surface 

area of about 58 cm2) and dried in a vacuum oven (50°C, 48 h) before the photocatalytic 

experiment. The photocatalysis experiments were performed under a darkened hood, where the 

test tube was fixed onto a magnetic stirrer, 25 cm far from a solar lamp (OSRAM 300W ultra-

vitalux, OSRAM Opto Semiconductors GmbH).  
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In each photodegradation batch experiment, a volume (80 mL) of anthracene aqueous medium 

(20μM in water:acetonitrile 70/30) was treated. In this medium, the calculated molar extinction 

coefficients resulted as ε376nm = 6025±131 M-1cm-1 for AN and ε329nm = 12915±107 M-1cm-1 for 

AQ.  

To equilibrate the anthracene physical adsorption onto the polymer thin film, in a preliminary 

period of 60 minutes the solution was kept in the dark and under stirring, monitoring the 

absorption profile by UV-Vis spectroscopy. Then, the lamp was turned on and the solution kept 

stirred for 120 minutes more, at a constant chamber temperature.  

From the end of the dark-storage time (t=0, C0), the variations of the anthracene concentration 

(C/C0) were monitored by collecting aliquots every 2 minutes until 120 minutes. All the 

collected samples were analysed by means of UV-Vis spectroscopy and HPLC analyses.  

The AN, AQ and 1-hydroxy-anthraquinone standards were injected in the HPLC system to 

determine the related retention times (Fig. S5). Then, the identification of the major 

photodegradation products was obtained by comparing their retention times and absorption 

spectra with those of the relative standards.  

 

Fig. S5 HPLC traces of standards solutions of 9,10-anthraquinone (blue line), 1-hydroxy-

anthraquinone (black line) and anthracene (red line) [water/acetonitrile (15:85 v/v)]. 
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S6 Laser flash photolysis measurements 

To investigate the formation of radical cation through electron transfer by the PTn to anthracene 

we carried out laser flash photolysis of anthracene alone and in presence of PTn thin film.  

To validate the data obtained through laser flash photolysis (λexc = 355 nm) with those obtained 

with solar lamp, photocatalysis experiments of anthracene using a UV lamp (black light 

phosphor lamp) emitting in the range 315 - 400 nm (λmax = 354 nm) were conducted. These 

showed the same by-products obtained by solar irradiation of anthracene (data not shown). 

The spectrum, obtained by laser flash photolysis, showing the AN radical cation and triplet is 

displayed in Fig. S6.1a. The lifetimes of radical cation monitored at 320 nm (λex 355 nm) for 

the anthracene alone (Fig. S6.1, black traces) obtained under different atmosphere (in air, b; 

oxygen, c; nitrogen, d) show that the radical cation has a short lifetime under air and oxygen 

but under nitrogen the lifetime increases. The data obtained in the same conditions but in 

presence of PTn (Fig. S6.1) are shown in red. The most remarkable result is that comparing the 

intensity of decays the photocatalyst was not able to generate more radical cation through an 

electron transfer mechanism. 

Triplet absorption decays monitored at 420 nm showed unaltered lifetime of triplet of 

anthracene alone (Fig. S6.2, black traces) and in presence of PTn (Fig. S6.2, red traces) under 

different atmosphere and no variation in the intensity of the absorption. No singlet oxygen 

generation can be deduced from these data. 
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Fig. S6.1 a) Transient spectrum of AN taken after 40 ns of laser pulse under air. b), c), 

and d) Radical cation absorption decays monitored at 320 nm (λex 355 nm) of 

water:acetonitrile (70:30 v/v) medium of anthracene (42 μM) alone (black traces) and in 

presence of PTn (red traces) in air, oxygen, and nitrogen, respectively. 

 

 

 

 Fig. S6.2 a), b), and c) Triplet absorption decays monitored at 420 nm (λex 355 nm) of 

water:acetonitrile (70:30 v/v) medium of anthracene (42 μM) alone (black traces) and in 

presence of PTn (red traces) in air, oxygen, and nitrogen, respectively . 


