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 Gas chromatographic analyses

Figure S1. GC-FID chromatogram of the synthetic MMA employed for the production of PMMA-based LSC. 
The name of the analyte was assigned according to a GC/MS analysis.

Figure S2. GC-FID chromatogram of the regenerated MMA employed for the production of r-PMMA-based 
LSC. The name of the analytes was assigned according to a GC/MS analysis.



NMR 

Figure S3: NMR spectra of undoped PMMA and r-PMMA samples. 
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Figure S4: FT-IR (ATR mode) spectra of undoped PMMA and r-PMMA samples.



GPC analysis

Figure S5. Gel Permeation Chromatogram of a PMMA/LR305 LSC sample showing the bimodal distribution 
of molecular weights, one from the pre-polymer, the other from the in-situ synthesized macromolecules.

Figure S6. Gel Permeation Chromatogram of a r-PMMA/LR305 LSC sample showing the bimodal distribution 
of molecular weights, one from the pre-polymer, the other from the in-situ synthesized macromolecules.



Thermal analysis – DSC
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Figure S7. DSC curves (solid) of a PMMA (red) and a r-PMMA (green) samples. Dashed lines represent the 
heat flow derivatives for PMMA (red) and r-PMMA (green) samples. Glass transition temperatures labeled.

Mechanical tests

Figure S8. Stress-strain curves of five samples of PMMA.



Figure S9. Stress-strain curves of five samples of r-PMMA.

UV-vis transmittance spectra of transparent matrices
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Figure S10. UV-vis transmittance spectra highlighting the high visible light transparency of PMMA (red) and 
r-PMMA (green) polymer matrices at 0% fluorophore concentration (thickness = 3 mm).
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Figure S11. Thermal desorption-GC/MS chromatogram of a PMMA sample.

Figure S12. Thermal desorption-GC/MS chromatogram of a r-PMMA sample. A methyl isobutyrate peak 
appeared at around 7 min. 

Camp Conc. m/z 69 (%)
PMMA r1 1.27
PMMA r2 1.16



    
  

 Figure S13. Calibration curve with an MMA standard (on the left) for the residual monomer quantification 
by Thermal-desorption GC/MS (on the right). 

UV-vis and fluorescence spectra

Figure S14. UV-vis absorption spectra of LSC samples (thickness: 3 mm) vs LR305 concentration: a) r-
PMMA; b) PMMA.

Epifluorescence microscopy

R-PMMA r1 0.70
R-PMMA r2 0.66



Figure S15. Epifluorescence microscopy images of a) PMMA-LR305 450 ppm LSC; b) r-PMMA-LR305 450 
ppm LSC.

UV-vis reflectance spectra of transparent matrices

400 500 600 700 800
0

1

2

3

4

5

6

7

8

9

10

%
R

Wavelength (nm)

 PMMA 0 ppm
 r-PMMA 0 ppm

Figure S16. UV-vis reflectance spectra highlighting the same behaviour of PMMA (red) and r-PMMA (green) 
polymer matrices at 0% fluorophore concentration (thickness = 3 mm).

LSC absorption efficiency
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Figure S17. Absorption efficiency ηabs versus fluorophore concentration for both PMMA and r-PMMA LSCs.

The LSC absorption efficiency ηabs was calculated as the ratio between the external and the internal photonic 
efficiencies (ηext and ηint). See “Electrical and photonic efficiencies determination” section for details.

𝜂𝑎𝑏𝑠 =
𝜂𝑒𝑥𝑡

𝜂𝑖𝑛𝑡
=

𝑛𝑜. 𝑜𝑓 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑝ℎ𝑜𝑡𝑜𝑛𝑠 
𝑛𝑜. 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠

Eco-profiling calculations
Madreperla S.p.a. data were extracted from GreenCast Environmental Product Declaration (EPD). The same 
method of impact estimation (EN15804+A2 1.02) was used for calculations for MMA and PMMA production 
processes, using data retrieved from the Plastics Europe Life Cycle Inventory dataset.

For silicon panels impact calculations we considered: 

- Impact of a silicon photovoltaic panel production in Europe1: 406 kg CO2-eq/kWp 
- Surface/peak power ratio for silicon PV panels2: 5.052 m2/kWp 
- Impact of a 20 x 20 x 0.5 cm3 LSC production: 2.592 kg CO2-eq/LSC

Real solar exposition photodegradation test
A r-PMMA sample containing 400 ppm of LR305 was left under solar irradiation and weathering as shown 
in Figure S11. After 4 months, the sample was characterized as described below (Figure S19) to determine 
their external photonic efficiencies. 



Fi
gure S18. a) Photograph of the solar exposition for photodegradation tests; b) Location of the 
photodegradation test.

Accelerated photodegradation test
The experiment were conducted for more than 650 minutesat a constant upper surface temperature of 70 °C 
on the LR305-containing PMMA and r-PMMA slabs (400 ppm). Wishing to comply with the ASTM G154 
standard3 a home-made setup was used, which was composed of a LED tower (Cicci research s.r.l., Grosseto, 
Italy) as light source and an optical fiber connected to a spectroradiometer as the detector 
(CCARK.A.4.Spectroradiometer, Fiber Optic VIS/NIR spectrometer, 2048 pixels, grating VA(360-1100nm), 
slit-50, OSC, DCL- UV/VIS), placed at a distance of < 1 cm from the polymer sample with a detection angle 
of ca. 35° (Figure S12). The sample was placed on a controllable hot stage (originally used to conduct spatially 
resolved photoluminescence tests with a thermal module) to adjust its temperature during the experiment. The 
hot stage was set at 80°C, so as to reach a constant temperature of 70°C on the upper surface of the sample.

Figure S19. Photograph of the home-built setup used for the accelerated ageing experiment.



The experimental temperature was set directly using the hot stage control and was checked by means of a K-
Type thermocouple thermometer in contact with the top surface of the sample. During the experiment, the 
entire setup was covered with a dark blanket to exclude the external radiation.
As incident light sources, two of the LEDs, named “Far UV” and “UV”, were selected (95% irradiation in the 
361-406 nm range). Their emission was calibrated with an integrating sphere, which was placed at the same 
distance from the source as that of the sample. After adjusting the LED intensity, we measured an irradiance 
of 39.28 W/m2 in the selected area, to be compared with that of the AM 1.5G solar irradiation (33.45 W/m2). 
The measurement thus took place at 1.14 Sun irradiation conditions.
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Figure S20. Emission spectrum of the light source used for the photostability experiment, compared to the AM 
1.5G spectrum. The area integrated to determine the spectral flux is highlighted in orange.



Electrical and photonic efficiencies determination

Laboratory measurements to determine photonic efficiencies were performed by using a commercially 
available system (Arkeo – Cicci research s.r.l.) containing a CMOS-based spectrometer with a symmetrical 
Czerny-Turner optical bench connected to an integrating sphere. As an illumination source an ORIEL® LCS-
100 solar simulator 94011A S/N: 322 was utilized under controlled illumination (1 sun, AM 1.5G). An 
integrating sphere of 5 cm of diameter and 1 cm of aperture is placed along the edge of the glass plate. To 
avoid the collection of the stray light, the sphere was covered by a black tape with a rectangular aperture as 
thick as the LSC. The spectrally-resolved edge output photon count was collected from the CMOS-based 
spectrometer, calibrated into optical power (W) and then in irradiance. Aimed at limiting reflections of 
unabsorbed light, an absorbing matte black background was placed in contact with the LSC rear side.

Figure S21: Photos of the experimental setup utilized for the determination of the photonic and device 
efficiencies.

The optical performances of LSC were evaluated in terms of the internal and the external photon efficiency 
(ηint and ηext, respectively). ηint and ηext were calculated from the equations S1 and S24,5:

(S1 eq.)

(S2 eq.)

Where: 

a) For edge-emitted photons, n = 4, λ1 = 400 nm and λ2 = 800 nm. In the case of incident photons, λ1 = 300 nm 
and λ2 = 1100 nm. For absorbed photons, λ1 = 350 nm and λ2 = 610 nm, matching the fluorophore absorption 
spectrum;

b) the number of edge-emitted photons was obtained from the sum of the output power spectra measured for 
each edge of the LSC;

c) the number of total absorbed photons was obtained as shown in Eq. S1 from the absorbed power spectrum, 
derived from the difference between the power spectra of the incident light and the power transmitted by the 
LSC.

d) The total number of photons incident on the front surface of the LSC was obtained from the input power 
spectrum of the light source incident on the illuminated surface area of the LSC.



The input irradiation (power density) of the solar simulator light source incident on the LSC is shown in Figure 
S4. The integrated power was equal to 78 mW/cm2.
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Figure S22: Input power density of the light source incident on the illuminated surface area of the LSC, 
Pin(λ)
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Figure S23: Incident (yellow), absorbed (blue) and emitted (red) photons flux spectra versus photon 
wavelength for a r-PMMA/LR305 400 ppm LSC. 

The LSC electrical efficiency was determined connecting two Si-PV cells in series to an edge of the thin-film 
LSCs by using silicone grease. The performance of the assembled LSC-PV systems was assessed under 
standard illumination conditions by measuring the power conversion efficiency of the resulting LSC device 
(ηdev), defined as the electrical power effectively extracted from the PV cells (Pout

el) relative to the luminous 
power hitting the top surface of the LSC (Pin

opt):



                 (S3 eq.)

𝜂𝑑𝑒𝑣 =
𝑃𝑜𝑢𝑡

𝑒𝑙

𝑃 𝑖𝑛
𝑜𝑝𝑡

=  
𝐹𝐹 ∙ 𝐼𝑆𝐶 ∙ 𝑉𝑂𝐶

𝑃 𝑖𝑛
𝑜𝑝𝑡 ∙ 𝐴𝐿𝑆𝐶

where FF, ISC, and VOC are the fill factor, short-circuit current, and open-circuit voltage of the edge-mounted 
PV cells, respectively, ALSC is the front-illuminated area of the LSC device, and Pin

opt is the incident solar power 
density expressed in mW cm−2.

For the determination of ηdev, two PV cells IXYS KXOB25-12X1F (22 x 7 mm, Voc = 0.69 V, Isc = 46.7 mA, 
FF > 70%, η = 25%) were connected in series and the current/voltage characteristics determined with a 
precision source/measure unit (Keysight Technologies B2900 Series)6. Silicon was used to grease the LSC 
edge. The other three edges of the LSC were covered with a reflective aluminium tape. During the 
measurements, a black matte layer was placed beneath the LSC.

Figure S24. I-V curve of the monocrystalline silicon solar cells (IXOLAR cells).

Table S1. Concentration factors (C) for both c-PMMA and PMMA-based LSCs at various concentrations

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

0.000

0.008

0.016

0.024

0.032

0.040

0.000

0.008

0.016

0.024

0.032

0.040

Current Power Power Max

Voltage [V]

C
ur

re
nt

 [A
]

Po
w

er
 [W

]

 

Concentration C (PMMA) C (r-PMMA) 

200 ppm 0.399 ± 0.002 0.405 ± 0.001 

250 ppm 0.414 ± 0.002 0.420 ± 0.001 

300 ppm 0.425 ± 0.001 0.432 ± 0.001 

350 ppm 0.409 ± 0.008 0.437 ± 0.004 

400 ppm 0.435 ± 0.005 0.461 ± 0.001 

450 ppm 0.431 ± 0.001 0.454 ± 0.003 

500 ppm 0.420 ± 0.004 0.441 ± 0.002 
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