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Introduction 

The global transition toward renewable energy sources has driven 

extensive research into solar energy harvesting technologies. 

Among these, luminescent solar concentrators (LSCs) have gained 

significant attention as cost-effective alternatives to traditional 

photovoltaic (PV) panels [1,2]. LSCs consist of transparent 

waveguiding slabs embedded with high-quantum-yield 

fluorophores that absorb sunlight and re-emit it at longer 

wavelengths [3]. Through total internal reflection (TIR), the 

emitted photons are guided toward the edges of the slab, where 

photovoltaic cells convert them into electricity. Compared to 

conventional PV modules, LSCs offer lightweight, scalable, and 

versatile solutions that integrate well with building-integrated 

photovoltaics (BIPV), enabling applications in windows, facades, 

and urban energy harvesting systems [4,5]. A crucial component of 

LSC efficiency is the selection of high-performance fluorophores 

capable of absorbing a broad portion of the solar spectrum while 

exhibiting high fluorescence quantum yield (QY), minimal self-

absorption, and long-term photostability [6]. Traditional organic 

fluorophores such as perylene derivatives, rhodamines, and 

coumarins have been widely used due to their strong absorption, 

tunable emission, and high solubility in polymer matrices [7]. 

However, a major limitation of many organic fluorophores is 

aggregation-caused quenching (ACQ) – a phenomenon where 

molecular aggregation leads to non-radiative relaxation, drastically 

reducing fluorescence efficiency in solid-state applications [8]. This 

effect is particularly detrimental for LSCs, where high dye loading is 

often required to maximize light absorption. To address this 

challenge, fluorophores exhibiting aggregation-induced emission 

The development of efficient and stable luminescent solar concentrators (LSCs) requires fluorophores with high photoluminescence quantum 

yield (QY), minimal self-absorption, and robust solid-state performance. In this work, we investigate the optical properties and device 

performance of a red-emitting, aggregation-induced emission (AIE)-active fluorophore, [N,N’-dicyclohexyl-1,7-bis(4’-(1’,2’,2’-triphenyl)vinyl)

phenylperylene-3,4:9,10-tetracarboxylic bisimide] (1,7-DTPEPBI), embedded in poly(methyl methacrylate) (PMMA) thin films. The dye was 

characterized in solution and polymer matrices, revealing excellent absorption characteristics and AIE behavior in solvent/non-solvent 

mixtures. In PMMA films, 1,7-DTPEPBI displayed concentration-dependent fluorescence, with a maximum QY of 37% at 0.4 weight % and a 

red-shifted emission ideal for LSC applications. LSC devices were fabricated using solution-cast PMMA films doped with the dye at varying 

concentrations. Optical characterization showed an internal photon efficiency (ηhint) up to 29% and minimal self-absorption losses, confirmed 

by P₀ values close to 0.9. Despite lower external photon efficiency (ηext) and device efficiency (ηdev) compared to benchmark fluorophores, the 

AIE-active 1,7-DTPEPBI demonstrated potential as a solid-state emitter for thin-film LSCs, especially in configurations requiring reduced dye 

reabsorption and good long-term photostability. 
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(AIE) have emerged as promising candidates for next-generation 

LSCs [9]. Unlike conventional fluorophores that experience ACQ, 

AIE-active materials are non-emissive in dilute solutions but 

exhibit strong fluorescence upon aggregation due to the restriction 

of intramolecular motions (RIM) [10,11]. This mechanism 

effectively suppresses non-radiative decay channels, enabling bright 

emission in the solid state. Among the most studied AIE-active 

compounds are tetraphenylethylene (TPE) derivatives, which have 

demonstrated enhanced stability, minimal self-absorption, and 

excellent processability in polymer matrices [12–16]. 

Recent studies have demonstrated the successful incorporation of 

AIE luminogens into poly(methyl methacrylate) (PMMA) films for 

LSC applications [17–20]. PMMA remains the benchmark polymer 

matrix for LSCs due to its high optical transparency, chemical 

resistance, and compatibility with a wide range of fluorophores 

[21]. In particular, TPE-based fluorophores have been widely 

investigated for their ability to maintain high fluorescence 

efficiency under concentrated conditions, effectively mitigating 

aggregation-caused quenching (ACQ). Among them, several donor

–acceptor TPE derivatives, such as TPE-MRh [22] and TPE-BPAN 

[23] have demonstrated aggregation-induced emission (AIE) 

behavior, red-shifted emission, and promising quantum yields 

when embedded in polymer matrices. These red-emitting TPE 

systems have shown excellent compatibility with PMMA and have 

enabled long-term photostability and efficient light harvesting in 

both thin-film and bulk LSC architectures. Such characteristics 

make them ideal candidates for enhancing the performance and 

durability of next-generation luminescent solar concentrators  

In this study, the fluorophore [N,N’-dicyclohexyl-1,7-bis(4’-

(1’,2’,2’-triphenyl)vinyl)phenylperylene-3,4:9,10-tetracarboxylic 

bisimide] (1,7-DTPEPBI) (Figure 1A) [24], was selected for its dual 

structural advantage: it merges the strong light-harvesting and red-

emitting properties of perylene bisimides (PBIs) with the AIE 

behavior of the TPE units. The specific substitution at the bay 

position of the perylene core with TPE moieties is designed to 

suppress the detrimental π–π stacking interactions typical of PBIs, 

which are known to cause fluorescence quenching in the solid state. 

At the same time, the presence of TPE enables AIE, ensuring that 

fluorescence is activated upon aggregation, as occurs in polymer 

matrices and thin films. This tailored molecular design was 

conceived to retain high photoluminescence efficiency under the 

concentrated and condensed conditions typical of LSCs, while 

minimizing reabsorption losses and enhancing photostability. 

Compared to other TPE-based AIEgens, 1,7-DTPEPBI also offers 

extended spectral coverage in the red region and improved 

compatibility with PMMA, making it a particularly suitable 

candidate for solid-state light-harvesting applications (Figure 1B) 

[25,26]. This study investigates the optical and photovoltaic 

performance of this AIE-active red-emitting fluorophore in PMMA

-based LSCs. LSCs are evaluated for their light-harvesting 

capabilities, fluorescence quantum yield, and resistance to 

photodegradation under prolonged solar exposure with the aim to 

demonstrate the feasibility of AIE-based materials in enhancing the 

sustainability and efficiency of LSC technology. 

 

Figure 1 | (A) Molecular structure of [N,N’-dicyclohexyl-1,7-bis(4’-(1’,2’,2’-triphenyl)vinyl)phenylperylene-3,4:9,1’-tetracarboxylic bisimide] (1,7-DTPEPBI); 
(B) Interactions of photons within an LSC. In particular: a) reflection; b) transmission; c) photon losses by outward refraction; d) emitted photon reaching the 

PV cell on the LSC edge. 

Material and Methods 

Materials 

The [N,N’-dicyclohexyl-1,7-bis(4’-(1’,2’,2’-triphenyl)vinyl)

phenylperylene-3,4:9,1’-tetracarboxylic bisimide] (1,7-DTPEPBI, 

Figure 1A) was synthesized in a previous work [24]. The molar 

concentration of the dye will be indicated as CD. Poly(methyl 

methacrylate) (PMMA) was from Merck, average Mw ~350,000 by 

GPC, density 1.17 g/mL at 15.0 °C.  

All solvents used in present work were the ultrapure reagent: 

acetone (ACS reagent, > 99.5%, Merck); acetonitrile (HPLC-GOLD

-Ultragradient Grade, Carlo Erba); chloroform 

(Spectrophotometric Grade, > 99.5%, Alfa Aesar);  hydrochloric 

acid (ACS reagent, 37%, Merck); diethylether (ACS reagent, 

≥99.8%, Merck); dimethysulphoxide (≥99.9%, Merck); ethanol 

(≥99.8%, Merck); hexane (for HPLC, ≥97.0%, Merck); methanol 

(Spectrophotometric Grade, 99.8+%, Alfa Aesar); tetrahydrofuran 

(ACS reagent, > 99.9%, Honeywell or Spectrophotometric Grade, 

99.7+%, Alfa Aesar); toluene (Spectrophotometric Grade, 99.7+%, 

Alfa Aesar). 
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Methods 

Preliminary solubilization tests (0.5 mg in 1.5 mL solvent) showed 

that 1,7-DTPEPBI is insoluble in acetone, acetonitrile, diethyl ether, 

dimethysulphoxide, hexane and methanol. It is, instead, soluble in 

chloroform, tetrahydrofuran (THF) and toluene which were thus 

chosen for the characterization in solution of the dye. Stock 

solutions of the dye in each of the solvents were done by weight. In 

brief, 2-3 mg of 1,7-DTPEPBI (MW = 1251.5 g/mol) were added to 

1.0 mL of solvent (chloroform, THF or toluene). These mother 

solutions (ca. 2 mM) were diluted either with the same solvent or 

with the appropriate solvent/non-solvent mixtures (v/v%) to obtain 

working solutions for both UV-vis and fluorescence experiments. 

For the solution spectra, UV-vis data were collected using a Perkin-

Elmer Lambda 650 spectrophotometer. Absorption spectra were 

recorded in the wavelength range from 200 nm to 800 nm, usnig 

slit width 2 nm, spectral resolution 1 nm, integration time 0.2 s; 

quartz cuvettes of the “macro” type (minimum volume 1000 µL), 

with an optical path of 1.0 cm, were used. In the experiments at 

different concentrations, increasing amounts of the working 

solutions were added directly in the spectrophotometric cuvette by 

means of a Hamilton micro-syringe connected to a Mitutoyo 

micrometric screw (1 turn = 8.2 μL). An Agilent Technologies Cary 

5000 Series UV-Vis-NIR spectrophotometer was used for the 

spectrophotometric characterization of the polymeric matrices. The 

polymer films were housed in a solid sample holder and three 

absorption spectra were recorded, one at the center and two at the 

edges.  

Spectrofluorimetric measurements were done on a Perkin Elmer 

LS55 instrument, using semi-micro cuvettes (minimum volume 500 

µL) with an optical path of 1.0 cm. Fluorescence spectra were 

recorded by exciting at different absorption maxima and emission 

wavelength range typically from λex to 800 nm, using slit widths 

both 3 nm, spectral resolution of 1 nm, integration time of 0.5 s. In 

the experiments at different concentrations, increasing amounts of 

the working solutions were added directly in the 

spectrofluorimetric cuvette by means of the already cited Hamilton 

micro-syringe. In the case of the polymeric films, the fluorescence 

tests used a Horiba Jobin Yvon FluoroLogR-3 instrument. The 

polymer films were analyzed using the solid sample holder and 

placing the detector in front-face mode (30°, FF) to avoid the 

interference of scattered light. The quantum yield measurements 

performed on the solid-state samples were obtained using a 152 

mm diameter Quanta-phi integrating sphere, coated in Spectralon® 

and positioned on the optical path of the Horiba Jobin Yvon 

FluoroLogR-3 spectrofluorometer. 

The LSC was fabricated on a high-purity optical glass substrate 

measuring 50.0 × 50.0 × 3.3 mm, specifically an Edmund Optics 

BOROFLOAT® window (50 × 50 mm, TS grade). This glass is 

maintained in 6 N HCl for one night, then rinsed with water, 

acetone and ethanol. To prepare the solution to be cast, 60.0 mg of 

polymer were mixed with a known quantity of chloroform solution 

containing the fluorophore to obtain a mixture at a known weight 

% in the 0.2-2.0% range. The mixture is made up to 1.5 mL volume 

and shaken to ensure solubilization. This latter mixture is thus 

dropped on the glass following a solution casting procedure. The 

films were left to dry for 24 h, then detached from the glass support 

by immersion in Ultra-Pure water. The film thickness was 

controlled by Rupac-Digitronic micrometer with 0-25 mm 

measuring range, 0.001 mm resolution and ± 4 μm precision. The 

surface of the polymer films, still adhered to the preparation glass, 

was investigated by an LED epifluorescence microscope from 

AUXILAB S.L., code HBF002, connected to a 2.3 Mega Pixel 

Invenio 2EIII camera and a personal computer equipped with the 

DeltaPix InSight software. The images were acquired working both 

in transmission and epifluorescence. 

Results and discussion 

Solution studies 

To thoroughly investigate the optical properties of 1,7-DTPEPBI in 

solution, we performed UV-Vis absorption and fluorescence 

measurements in three selected solvents (chloroform, THF, and 

toluene) and in different solvent/non-solvent systems in which the 

dye was dispersed. Figure 2 shows the absorbance profiles of 1,7-

DTPEPBI in the different solvents. In agreement with the literature, 

there are four maxima: the two at shorter wavelengths are related to 

the tetraphenylethylene groups [27,28], while those at lower 

energies are due to the perylene core [29]. UV-Vis absorption 

spectra were recorded for different dye concentrations (CD), 

approximately in the 2×10-6 M to 1×10-4 M range (Figure S1).  

Figure 2 | Absorbance profiles of 1,7-DTPEPBI in different solvents, 25.0 °C. 
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The shapes do not seem to change with increasing concentrations, 

as it would have occurred in the presence of auto-association 

processes.  

The absorbance vs. concentration test is done to further inspect any 

possible aggregation phenomena. Data are analyzed both for 

linearity (Lambert-Beer plots) (Figure S2) and using the 

absorbance ratio at two different wavelengths (Figure S3). The 

latter approach emphasizes also subtle deviations from direct 

proportionality. None of the experiments done evidenced auto-

aggregation effects under the conditions of the experiments. The 

photophysical parameters are collected in Table 1. 

We thus checked the possible light emission characteristics of 1,7-

DTPEPBI in the three selected solvents, at a concentration of ca. 

1×10-6 M and excitation at each of the absorbance maxima. Given 

that 1,7-DTPEPBI was designed to show AIE characteristics, an 

absence of fluorescence emission is expected in a good solvent [10]. 

This was indeed the case for chloroform and THF. On the other 

hand, the measurements in toluene revealed a signal centered at 

λMAX,em = 630 for λMAX,ex = 570 nm (Figure S4), indicating that the 

dye molecules are at least partially in the form of an aggregate in 

hydrophobic solvents [24]. The light emission is proportional to 

concentration and the limit of detection of 1,7-DTPEPBI in toluene 

(LOD = 3σ of the blank) is found to be 2.40×10-8 M (Figure S5). 

The AIE characteristics of 1,7-DTPEPBI were then inspected by 

dispersing it in different solvent/non-solvent systems. In particular, 

we considered THF/H2O, CHCl3/Hexane, CHCl3/Methanol and 

Toluene/Hexane mixtures. The absorption and fluorescence 

properties of each system were analyzed as the percentage of non-

solvent increased, keeping the dye concentration constant. In 

agreement with AIE, light emission switches on as the non-solvent 

content increases. For THF/H2O (Figure S6), AIE light-on is 

detectable already at 10% H2O but significant precipitation occurs 

for H2O% ≥ 40%. Note that the precipitates are amorphous (the 

solid does not emit any light) [30]. For CHCl3/Hexane mixtures 

(Figure S7) the low polarity of both solvents suppressed 

precipitation phenomena and enabled to test all the possible 

compositions of the mixtures; Figure 3A shows the AIE effect for 

this system. In this more favorable case, we also collected an EEM 

plot (Figure S8). Switching to CHCl3/Methanol produced dye 

precipitation at 70% Methanol and a reduced light switch effect 

(Figure S9). Finally, in Toluene/Hexane mixtures, 1,7-DTPEPBI 

started to precipitate at 70% Hexane; as already cited, an emission 

signal is present also at 0% Hexane, but it further increases with the 

non-solvent content (Figure S10). Figure 3B collects the variation 

of the fluorescence signals as a function of the percentage of non-

solvent present in solution, comparing the behavior of the different 

solvent/non-solvent systems. It is interesting to note that the 

emission band of the highly emissive aggregates formed in CHCl3/

Hexane and Toluene/Hexane (550-750 nm) corresponds to the 

optimal region for LSC applications (500-850 nm, i.e. the region of 

maximum photovoltaic efficiency) with a Stokes’ shift of ca. 60-65 

nm. Differently, THF/H2O and CHCl3/Methanol mixtures induce 

the formation of low emitting species with a signal centered at ca. 

520 nm. Overall, CHCl3 seems the solvent with the better 

performance. 

Solvent εr λMAX,Abs (nm), ε (104 M-1 cm-1) 

THF 7.5 295, 5.54 323, 5.05 453, 1.27 562, 2.26 

CHCl3 4.8 298, 6.30 321, 6.01 470, 1.99 572, 2.83 

Toluene 2.4 299, 3.99 323, 2.95 458, 1.11 570, 1.89 

Table 1 | UV-vis characterization of 1,7-DTPEPBI in different solvents, 25.0 °C. εr = polarity index; ε = molar absorption coefficient (error < 1%). 

Figure 3 | (A) Fluorescence emission of 1,7-DTPEPBI in different CHCl3/Hexane mixtures; CD  = 1.66 × 10-5 M, λex = 572 nm, 25.0 °C. (B) Comparison of fluo-
rescence light on effects at 25.0 °C for the different mixtures considered in this work (normalized at the same 1,7-DTPEPBI content; grey points are those 

where precipitation occurs).  
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2. Optical studies in polymeric films  

After studying the spectroscopic properties of 1,7-DTPEPBI in 

solution, we investigated its behavior in polymeric films to evaluate 

its possible application as fluorescent dopant in luminescent 

devices. In particular, we employed films of poly(methyl 

methacrylate) (PMMA) because of its very high clarity and good 

processability, which makes it an ideal material for the fabrication 

of optical devices and clear structural components [31]. 

We prepared several films (thickness of 25 ± 5 μm) containing 

different amounts of dye, from 0.2 weight % (wt.%) to 2 wt.%, via 

solution casting (Figure 4A). The films appeared clear, with a 

purple coloration, and emitted red fluorescence upon exposure 

under UV light (366 nm; Figure 4B).  

The absorption properties of 1,7-DTPEPBI in PMMA films closely 

resembled that of the dye in solution, with the most red-shifted 

featuring a λMAX of 564 nm and a shoulder centered at about 465 

nm; conversely, we found that the fluorescence of the dye in the 

film was significantly different from the examples reported above in 

solution (Figure 5A). To start, the emission maximum in PMMA 

was red-shifted, resulting in larger Stokes shifts in this system. 

These latter ranged from about 99 nm, with respect to the 

absorption peak at 564 nm, in the case of the film with the lowest 

dye concentration (0.2 wt.%) and increased up to 135 nm in the 

case of the one with the highest (2 wt.%). The reason behind this 

variation in the Stokes shift with concentration is not only due to 

inner filter effects but also to a change in the shape of the emission 

profile. At low 1,7-DTPEPBI concentrations, the emission peak is 

symmetric and centered at about 660 nm, similar in shape to those 

observed in solution. This suggests that, even at the lowest 

concentration tested, the dye either forms emissive aggregates in 

the chosen PMMA matrix or that its motion is sufficiently 

restricted to have a significant emission. Upon investigation via 

fluorescence microscopy, it is possible to observe the presence of 

irregular aggregates of different dimensions (20-150 μm of 

diameter) randomly distributed within the matrix, which emitted 

red radiation (Figure 4C) throughout the concentration range 

tested. Nevertheless, no evidence of fluorophore segregation at the 

surface was observed. 

As the quantity of 1,7-DTPEPBI in the film increased, a new peak 

appeared centered at about 700 nm. The AIE behavior of the 

investigated dye was noticeable even in the polymer matrix, with 

the maximum emission intensity increasing dramatically going 

from 0.2 wt.% to 0.8-1.0 wt.%. At higher concentrations, the 

intensity decreased again, most likely due to self-absorption 

phenomena and to the formation of amorphous aggregates. In 

these latter, fluorescence is inherently lower due to the less dense 

packing, which increases the intermolecular distance, making the 

side chains more mobile and more likely to dissipate energy 

through vibrational and rotational motions.  

Figure 5B reports the photoluminescence quantum yield (QY) of 

1,7-DTPEPBI in PMMA for the different concentrations. In 

particular, it was found to decrease constantly from 37 ± 4 % in the 

case of the less concentrated film to 10 ± 1% for the 2.0 wt.% one, 

suggesting the formation of amorphous, poorly luminescent 

aggregates, as indicated by fluorescence microscopy images. This 

could be related to the fact that perylene bisimides still experience 

progressive quenching of their emissions in PMMA, likely due to 

self-aggregation and energy transfer processes, notwithstanding the 

presence of TPE moieties at the bay positions. On the other hand, 

Lumogen Red in PMMA films exhibits remarkable QY stability 

across the entire concentration range investigated, confirming its 

superior resistance to aggregation-induced quenching effects [32].  

The QY values for 1,7-DTPEPBI were found to be considerably 

lower than those of highly performing ACQ fluorophores, such as 

Lumogen F Red 305 (LR305) [33], benzobisthiazoles [34], 

benzodithiophenes [35], and quinoxalines [36,37], prepared and 

measured in similar conditions. However, the measured QY at a 1,7

-DTPEPBI concentration of 0.4 wt.%, i.e. 37 ± 4%, is higher or 

comparable to that of similar AIE or AIEE systems already 

investigated in LSC applications [22,23,38]. 

Figure 4 | Films (5×5 cm) of 1,7-DTPEPBI dispersed in PMMA; (A) under natural light; (B) under 366 nm illumination. (C) Epifluorescence microscopy ima-
ge of 1,7-DTPEPBI/PMMA thin films at 0.4 wt.%. 
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Luminescent solar concentrators (LSCs) based on 1,7-DTPEPBI  

Despite the non-optimal QY of the dye, we conducted further tests 

on PMMA films doped with 1,7-DTPEPBI to evaluate its 

performance as emitter in thin-film LSCs compared to previously 

investigated AIEgens [23,38–42]. These tests help determine 

whether aggregation-induced emission (AIE) effects can be 

effectively exploited in solid-state PMMA matrices, despite the 

quenching observed at higher dye concentrations. To do so, we 

prepared via solution casting a series of 5x5x0.4 cm LSC devices 

comprising thin PMMA films at different dye concentrations (0.5-

2.0 wt.%) and evaluated their performances in terms of internal 

photon efficiency (ηint), representing the fraction of absorbed 

photons which is emitted from the edges of the device, external 

photon efficiency (ηext), the fraction of incident photons which is 

emitted from the edges, and, finally, device efficiency (ηdev), the 

ratio between the incident power and the power originating from a 

PV module coupled to the edge of the LSC. As shown in Figure 6A, 

the internal photon efficiency, ηint, decreases with increasing 

concentration, from a value of 29 ± 2% at 0.4 wt.% to 12 ± 2% at 2.0 

wt.%. This result is consistent with QY and with the formation of 

low-emission aggregates. Although a small concentration range of 

AIE occurrence, which was previously shown from 0.4 to 0.8% wt., 

the highest QY is observed at 0.4 wt.%. This may indicate a 

simultaneous formation of highly emitting aggregates, due to the 

AIE effect, and non-emitting amorphous aggregates, caused by 

ACQ. However, the decline in hint is less substantial with 

increasing concentration compared to QY, indicating a minimal 

occurrence of self-absorption, a phenomenon that is generally 

detrimental to the efficiency at extended photon optical paths. An 

estimation of self-absorption losses was provided by Wilson et al. 

[43]. Following the detailed procedure and considering as 

reabsorption-free an edge-emission spectrum acquired when 

exciting at a point close to the edge, we calculated P0, i.e. the 

probability of photons nonsuffering self-absorption. As shown in 

Table S1, P0 is approximately constant at ≈ 0.9 across the 

concentration range examined. This suggests that self-absorption 

has a limited impact, even at high fluorophore loadings. This 

outcome can be attributed to the thin-film configuration, which, 

although necessitates higher concentrations (by approximately 100 

times), has a reduced volume of doped polymer, while the light-

guiding effect is predominantly exerted by the glass substrate. 

Consequently, for most of the optical path, the emitted photons 

pass through the non-absorbing glass. The external photon 

efficiency, ηext, increased with concentration until it reached almost 

constant values at around 2.2% (Figure 6B). These performances 

were found to be considerably lower than those of the benchmark 

fluorophores, with roughly a quarter of the efficiency of LR305, and 

also lower than the ≈3.4% calculated for recently investigated TPE-

based emitters [23,40]. This decline can be attributed to the 

significant QY decrease from 0.8 wt.% onwards.  

(A)  (B)  

Figure 5 (A) Absorbance and fluorescence emission profiles of 1,7-DTPEPBI in PMMA; 0.2% ≤ CD ≤ 2.0 wt.%; λex = 564 nm. (B) Quantum yield percent 
(QY%) for 1,7-DTPEPBI in PMMA (λex = 564 nm); data for the same films with Lumogen F Red 305 (λex = 575 nm) are also shown for comparison. 

Figure 6 | (A) Quantum yield percent (QY%) and internal photon efficiency (ηint) for 1,7-DTPEPBI in PMMA; (B) External photon efficiency (ηext) and electri-
cal device efficiency (ηdev) for thin-film LSCs containing 1,7-DTPEPBI. 
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Concurrently, the electrical device efficiency, ηdev, exhibited an 

analogous trend to ηext, increasing with concentration. ηdev was 

derived from J-V curve acquisitions without the application of a 

reflective tape on the edges. This approach enables the calculation 

of low values, which can be multiplied by 4 to simulate the scenario 

where solar cells are placed on all four sides [44]. Consequently, for 

a four-side collection configuration, ηdev,4 sides = 0.70 %. Although 

not directly comparable with previous literature data acquired with 

reflective tape on the uncovered edges, this determination is helpful 

to estimate the real power production of an LSC-PV system. It is 

important to note that only through a device scale-up reliable 

power production measurements can be obtained simulating real-

world conditions. Nevertheless, data on photon efficiencies can be 

readily utilized for cross-laboratory comparisons, as outlined in the 

widely accepted LSC laboratory protocols [45]. 

Concluding remarks 

This study explored the integration of a novel red-emitting 

fluorophore, 1,7-DTPEPBI, combining perylene bisimide and 

tetraphenylethylene moieties, into PMMA matrices for the 

fabrication of efficient luminescent solar concentrators (LSCs). 

Designed to exhibit aggregation-induced emission (AIE) behavior, 

1,7-DTPEPBI demonstrated good solubility in selected organic 

solvents and excellent photostability. Spectroscopic analyses in 

solution confirmed the absence of aggregation-caused quenching 

(ACQ) and the activation of AIE properties under specific solvent/

non-solvent conditions. When embedded in PMMA films, 1,7-

DTPEPBI exhibited significant, red-shifted fluorescence and AIE-

driven luminescence, although the quantum yield (QY) decreased 

at higher concentrations due to the formation of low-emissive, 

amorphous aggregates. Nevertheless, LSC devices fabricated with 

these films achieved promising optical performances. The optimal 

internal photon efficiency (ηint) was observed at 0.4 wt.% dye 

loading, with values progressively decreasing at higher 

concentrations due to partial quenching. Importantly, self-

absorption losses were found to be minimal, as confirmed by high 

P₀ values across the concentration range. While external photon 

efficiency (ηext) and device efficiency (ηdev) were lower than those 

achieved with benchmark fluorophores like Lumogen F Red 305, 

the results demonstrate the potential of AIE-based fluorophores as 

viable, structurally tunable alternatives for solid-state light-

harvesting applications. The combination of photostability, 

controlled emission, and low self-absorption in thin-film 

configurations underscores the relevance of these systems in the 

ongoing development of cost-effective and scalable LSC 

technologies. Future work will focus on the structural optimization 

of AIE-active fluorophores to enhance QY at higher loadings, the 

exploration of new polymeric matrices with reduced aggregation 

tendencies, and device scaling to validate real-world photovoltaic 

performance. 
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