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Abstract 

The effect of quantum dot (QD) aggregation on scattering in luminescent solar concentrators (LSCs) 
was investigated to improve device efficiency. LSCs have the potential to expand the solar collection 
capacity of structures in applications such as solar harvesting windows or sound barriers. LSCs 
suffer from low efficiencies and one major efficiency loss in QD-based LSCs is light scattering, 
caused by QD aggregates. Dispersion of QDs in acrylic monomers was investigated using dynamic 
light scattering (DLS) to find optimal parameters for fabricating scatter-free polymer sheets 
containing QDs. The monomers investigated were methyl methacrylate (MMA), lauryl methacrylate 
(LMA) and ethylene glycol dimethacrylate (EGDMA). Three monomer compositions have been 
described which can be polymerised into matrices which encapsulate QDs with good dispersion.  

1. Introduction

Building integrated photovoltaics (BIPV) can increase solar power production in urban environments 
where there is limited roof space and land for photovoltaic modules. Luminescent solar concentrators 
(LSCs) are a promising technology for BIPV applications because there is flexibility in their 
appearance, including a range of possible colours, shapes and transparencies (Meinardi, Bruni et 
al. 2017). Potential applications include solar harvesting windows, sound barriers and bus shelters 
(Kanellis, de Jong et al. 2017, Meinardi, Bruni et al. 2017, Vasiliev, Alameh et al. 2018). The most 
basic LSC design consists of a sheet of plastic or glass, which acts as a waveguide for light emitted 
by fluorescent materials embedded in, or coated on, the waveguide (Weber and Lambe 1976).   
The underlying principle of the technology is that light from the sun is absorbed by the fluorescent 
materials, resulting in emission of longer wavelength light. Light can be lost through the face of the 
waveguide (escape cone); however a large proportion is trapped by total internal reflection (TIR) in 
the waveguide and directed onto photovoltaic (PV) cells on the edges of the LSC (Figure 1). When 
the surface facing the sun has a larger area than the edges of the LSC, the light is concentrated on 
to the PV cells minimising the use of expensive PV material. Additionally, LSCs can concentrate 
diffuse light and do not require expensive tracking systems.  One of the challenges the technology 
faces is that there are many mechanisms by which light can be lost before reaching the PV cells. 
Loss mechanisms include scattering, escape cone losses, non-unity photoluminescence quantum 
yield (PLQY), and reabsorption by the fluorophore resulting in further escape cone and PLQY losses 
(Debije and Verbunt 2012).  
Quantum dots (QDs) are a promising fluorescent material for LSCs due to their tunable absorption 
and emission spectra. Incompatibility between the passivating surface ligands on QDs and their 
polymer waveguide hosts results in formation of nanoscale aggregates which introduce a scattering 
effect and hence reduce the efficiency of the LSC (Hill, Connell et al. 2019). 
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Figure 1. Schematic representation of a quantum dot based luminescent solar concentrator 

showing conversion of light into power, and the loss mechanisms. 
Understanding the effect of QD aggregation on LSC efficiency will assist in designing LSCs with 
reduced scattering losses and higher efficiencies. Previous studies have discussed methods of 
dispersing QDs in to acrylic polymers, however there has been no comparative study into which 
method is most effective. This work investigates QDs in a range of acrylate polymer/co-polymer 
waveguides to compare QD dispersion methods and to determine the optimal composition to 
minimise scattering. Additionally QDs were dispersed into the co-polymer, poly(methyl methacrylate-
co-lauryl methacrylate), which has only been investigated previously for dispersion of perovskite 
nanocrystals (Meinardi, Akkerman et al. 2017). 
Two approaches were taken to facilitate QD dispersion in the monomers: firstly, choosing 
combinations of monomers which are compatible with the native cadmium oleate ligands on the 
surface of the quantum dots and secondly, modifying the QD surface ligands to improve the 
compatibility of the QDs with methyl methacrylate.  
The acrylate monomers investigated were methyl methacrylate (MMA), lauryl methacrylate (LMA) 
and ethylene glycol dimethacrylate (EGDMA) crosslinker. Polymethylmethacrylate (PMMA) is a 
desirable material for LSCs because it is highly transmissive in the visible light spectrum, is low cost 
and possesses good mechanical properties. When mixed with QDs, however, aggregation occurs 
resulting in light scattering, reducing the ability of the LSC to transmit fluorescent light to the edges 
of the device (Meinardi, Colombo et al. 2014). Unlike MMA, LMA is an acrylate monomer which is 
compatible with oleic acid and oleylamine based ligands typically used to stabilize QDs. LMA has 
long alkyl side chains similar in structure to Cd-oleate and is therefore able to disperse QDs 
effectively. However, it must be crosslinked with EGDMA or co-polymerised with MMA to form a rigid 
polymer (Meinardi, McDaniel et al. 2015, Meinardi, Akkerman et al. 2017, Meinardi, Ehrenberg et al. 
2017). The LSCs used throughout this investigation were fabricated with CdSe/CdS QDs and the 
polymers PMMA, poly(methyl methacrylate-co-lauryl methacrylate) (p(MMA-co-LMA)) and 
poly(lauryl methacrylate-co-ethylene glycol dimethacrylate) (p(LMA-co-EGDMA)). 
Compatibility of the QDs in MMA was improved by modifying the QD surface; replacing the cadmium 
oleate with poly(methyl methacrylate-co-methacrylic acid) in a ligand exchange reaction. 
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2. Methodology 

The QDs used for the scattering experiments were 12nm diameter CdSe/CdS core/shell QDs, 
designed to have low absorbance at 630nm, the wavelengths at which fluorescence occurs. The 
QDs were synthesised using an established procedure from the literature (Fan, Voznyy et al. 2017) 
and are shown in Figure 2. All the experiments were conducted on a single batch of QDs to eliminate 
any effect of batch to batch variability in the QDs. The synthesis of the QDs resulted in Cd-oleate 
capped particles with a photoluminescent quantum yield of 35% in hexane. To perform the ligand 
exchange, required to compatibilise the QDs with MMA, QDs and poly(methyl methacrylate-co-
methacrylic acid) (Sigma-Aldrich) were mixed in a 1:10 ratio (wt/wt) in chloroform and stirred for 24 
hours, resulting in PMMA-ligand coated QDs suspended in chloroform. The number average 
molecular weight of the polymer ligands was 15,000 with a feed ratio of 1:0.016 (methyl 
methacrylate:methacrylic acid).  

   

   
Figure 2. Transmission Electron Microscopy (TEM) images of synthesised QDs. Cd-oleate 
capped are shown at low (a) and high (b) magnification. PMMA-ligand coated QD are also 

shown at low (c) and high (d) magnification. The increased inter-particle separation seen in 
(c) and (d) compared with (a) and (b) indicates that the ligand exchange process has 

successfully transferred the bulky PMMA ligands onto the QD surfaces. 
Dynamic light scattering (DLS) was used to assess how well the QDs were dispersed into the 
monomer solutions by comparing the hydrodynamic diameter of the QDs in monomer with the 
hydrodynamic diameter of QDs, well-dispersed in solvent. When dissolving the QDs in monomer 
mixtures which included LMA, the QDs were pre-dispersed in the LMA before adding EGDMA or 
MMA which assisted the dispersion of the final mixture. The hydrodynamic diameter was derived 
from the diffusion coefficient (D) using the Stokes-Einstein equation (Equation 1)  
 

D =  kBT
6πηr

     (Equation 1) 

where kB is Boltzmann’s constant, T is absolute temperature, η is the dynamic viscosity and r is the 
radius of the QD. 

a b 

c d 
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A 633nm helium-neon laser was used as the light source and the scattering signal was recorded 
using a Brookhaven BI-200SM Goniometer and analysed using a BI-9000AT Digital Autocorrelator. 
LSCs were fabricated by dispersing QDs into different mixtures of acrylate monomer then cast into 
1mm and 3mm plastic sheets using free radical polymerisation. Three QD-monomer systems were 
investigated, PMMA-ligand coated QDs in MMA, Cd-oleate coated QDs in a mixture of MMA and 
LMA, and Cd-oleate capped QDs in a mixture of LMA and crosslinker, EGDMA. Firstly, the 4-
methoxyphenol inhibitor was removed from each of the monomers using a basic alumina column. 
The QDs were then dried in a vial under N2 gas. The PMMA-ligand capped QDs were suspended in 
MMA directly whereas for the LMA containing mixture the Cd-oleate capped QDs were first pre-
dispersed in LMA before obtaining the final monomer mixture. The QD-monomer mixtures where 
then degassed under vacuum before mixing with 0.25 wt% of 2,2-dimethoxy-2-phenylacetophenone 
photoinitiator under a nitrogen environment inside a glovebox. The QD-monomer mixtures were 
poured into moulds, comprising of two glass microscope slides separated by a 1mm thick Teflon 
gasket, or two sheets of glass sealed with a 3mm thick PVC gasket, and photoinitiated under a 
365nm light source until fully cured. LSCs with dimensions 25 x 25 x 3 mm were cut from the 3mm 
cast sheets and the edges polished with silicon carbide sandpaper whereas the 1mm LSC were 
characterised as cast. Additional acrylic blanks, without QDs present, were fabricated from the 
monomer mixtures using the same methodologies to serve as a comparison for absorbance 
measurements. 
Absorbance spectra were collected with an Agilent HP8453 UV-VIS spectrophotometer using a 
tungsten lamp light source. All measurements of QD-monomer mixtures were taken in a 2mm 
cuvette using a monomer blank, without QDs present, to eliminate effects from reflectance and 
absorbance of the monomer.  

A = −log10T     (Equation 2) 

The fabricated LSCs were measured with and without acrylic sheet blanks to investigate both the 
transmissivity of the LSCs and the absorbance of the encapsulated QDs while eliminating both 
surface reflectance and matrix absorption effects. The relationship between absorbance and 
transmission is shown in Equation 2 where A is absorbance and T is transmission. 
Fluorescence of the QDs in both the monomer solutions and in the LSCs was characterised using a 
Horiba Jobin Yvon Fluorolog 3-11 Fluorometer. The QD-monomer mixtures were tested in a 2mm 
cuvette and the LSC samples were held at 45 degrees to the light source and detector using an 
excitation wavelength of 450nm. 

3. Results and Discussion 

The effectiveness of using a mixture of LMA with MMA to disperse Cd-oleate capped QDs was first 
investigated. QD were dissolved in MMA-LMA mixtures from 0 wt% LMA to 100 wt% LMA and 
characterised by DLS. The final mixtures contained a QD concentration of 0.05 wt%. The samples 
were tested immediately after mixing, 2 hours after mixing and 24 hours after mixing to determine 
whether there was any time-dependent aggregation behaviour. The Cd-oleate ligand QDs were also 
tested in chloroform to give a comparative hydrodynamic size for well-dispersed QDs. The data in 
Figure 3a shows that QDs suspended in pure MMA exhibit a high degree of aggregation as is 
reflected by the large hydrodynamic sizes. Conversely, the QDs suspended in pure LMA are well 
dispersed, and mixtures of MMA:LMA above 5 wt% LMA also demonstrate good dispersion, as the 
hydrodynamic size is equivalent to the QDs suspended in chloroform. While the well-dispersed 
samples did not show a time dependent trend, the QDs suspended in MMA showed a decrease in 
hydrodynamic size over time. This can be explained by the QD precipitation that occurred resulting 
in QD aggregates settling on the bottom of the sample vial. This reduced the amount of large 
aggregates suspended in the monomer; however, does not indicate that the dispersion of the QD 
improved with time. We can conclude from Figure 3a that mixing LMA with MMA is a valid approach 
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for improving the dispersion of Cd-oleate capped QDs in MMA and that only a small proportion of 
LMA is required to fully disperse 0.05 wt% of the QDs. 

  
Figure 3. Dynamic light scattering (DLS) measurements of QDs suspended in different 

mixtures of acrylic monomer. (a) QD hydrodynamic size for a range of MMA:LMA 
proportions (wt%) (0.05 wt% QD concentration) (b) QD hydrodynamic size as a function of 

concentration. The QDs suspended in MMA were capped with PMMA ligands prior to 
suspension. Hydrodynamic size of the QDs suspended in chloroform (0.05 wt%) is shown 

as a reference for good dispersion. 
To determine what effect concentration has on aggregation for different QD-monomer systems, DSL 
measurements were taken on QD-monomer mixtures using different QD concentrations and a 
variety of QD ligand and monomer combinations. QDs concentrations were investigated as a weight 
percentage of QD to monomer and investigated concentrations included 0.05 wt%, 0.1 wt%, 0.2 
wt%, 0.4 wt%, 0.8 wt%, and 1.6 wt%. The calculation of QD concentration in the 100% MMA samples 
used the mass of the QDs prior to ligand exchange (not including the PMMA ligand) and the mass 
of the MMA monomer. This ensured that optical properties were comparable between samples with 
both ligand types. The concentration of PMMA ligand relative to the MMA monomer was 
approximately ten times greater than the QD concentration in weight percentage. In addition, the 
hydrodynamic size in chloroform was determined for both QDs with Cd-oleate or PMMA ligands.  
The combinations of monomers and QD ligands investigated are shown in Figure 3b. Only MMA-
LMA mixtures with low proportions of LMA were investigated because copolymerising MMA and 
LMA into p(MMA-co-LMA) reduces the elastic modulus relative to pure PMMA and the goal of the 
DLS experiments was to determine ideal QD-monomer mixtures for rigid plastic sheets, which exhibit 
low scattering after polymerisation (Meinardi, Akkerman et al. 2017). Similarly an EGDMA proportion 
of 20 wt% was selected for the LMA-EGDMA mixture because it has a high proportion of LMA to 
disperse the QDs but also can be polymerised into a rigid plastic. An EGDMA proportion of 10% can 
also be used, however this will result in a flexible polymer (Meinardi, Ehrenberg et al. 2017). 
The mixture of 80%LMA:20%EGDMA exhibited very good QD dispersion for concentrations up to 
1.6 wt% as the hydrodynamic size was stable and similar in value to the chloroform reference for the 
Cd-oleate capped QDs. The mixtures of 80%MMA:20%LMA and 66.7%MMA:33.3%LMA were only 
tested to 0.4 wt% due to a limited quantity of the QDs. The mixtures had a stable hydrodynamic size 
however the result was lower than the 80%LMA:20%EGDMA and chloroform reference. A possible 
explanation is that differences in the viscosity of the solvent mixture or solvent-ligand interactions 
had modified the diffusion coefficient which has resulted in different calculated hydrodynamic sizes. 
The mixture of 90%MMA:10%LMA showed good dispersion of Cd-oleate capped QDs up to 0.2 wt% 
of QD followed by a large increase in hydrodynamic size when the concentration was increased to 
0.4 wt% of QDs. This increase in the hydrodynamic size was accompanied by precipitation of the 

a b 
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QDs causing a significant increase in scattering and appearance change in the sample, from 
transparent yellow to opaque orange.  
The PMMA ligand QDs suspended in MMA exhibited very different results to the other samples. 
Firstly, the hydrodynamic size increased with increasing concentration. Despite the hydrodynamic 
size increasing to over 100 nm for a concentration of 0.8 wt% of quantum dots, the samples 
maintained their transparency with no visible scattering. An explanation is that ligand exchange 
process resulted in excess poly(methyl methacrylate-co-methacrylic acid) ligand being dissolved into 
the MMA which likely increased the viscosity of the medium and hence decreased the diffusion 
coefficient of the QDs. This results in overestimation of the hydrodynamic size. An alternative 
explanation is that increasing the concentration of QDs increased the interaction between the PMMA 
surface ligands, slowing the diffusion of the QDs without causing aggregation of the QDs. Further 
work is required to isolate the effect of viscosity changes of the medium from changes in interaction 
between QDs and surface ligands in this system. The hydrodynamic size of the PMMA ligand coated 
QDs suspended in MMA was significantly increased compared with the same QDs suspended in 
chloroform, even at low QD concentration. There may be a difference with how the PMMA ligands 
interact with the two mediums however this requires further investigation.  
Optical properties were investigated for the previously discussed QD-Monomer mixtures. The QD 
absorption and fluorescence results were equivalent in each monomer mixture so long as there was 
no aggregation and scattering effects. Figure 4 shows the absorbance and photoluminescence of 
Cd-oleate capped QDs in 80%LMA-20%EGDMA monomer mixture.  
The absorbance and photoluminescence (PL) is typical of core/shell CdSe/CdS QDs with a large 
CdS shell compared with the CdSe core. The steep absorption onset between 500nm to 550nm is 
derived from the absorption properties of the CdS shell whereas the absorption peak of the CdSe 
core at 610nm, is only visible in the highly concentrated, 0.8 wt% and 1.6 wt% QD, samples. The PL 
properties of the QDs came from the CdSe core emission and there was little change in the 
normalised PL as QD concentration was increased from 0.05 wt% to 0.8 wt%. All samples exhibited 
a symmetrical PL emission peak centred on 630nm. When the concentration was increased to 1.6 
wt% of QD there was decreased fluorescence for wavelengths less than 630nm which showed that 
the weak CdSe core absorption, centred at 610nm, was sufficient to cause reabsorption of the 
fluorescence on a centimetre length scale. 

  
Figure 4. Absorbance (solid) and photoluminescence (PL) (dashed) of CdSe/CdS quantum 
dots suspended in mixture of 80%LMA:20%EGDMA. Optical properties were measured at 

range of QD concentrations using a 2mm quartz cuvette. 
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The results from the DLS and optical measurements were used to inform the design of the fabricated 
LSCs. A QD concentration of 0.2 wt% was selected as a target for the LSCs because it had good 
absorbance for wavelengths shorter than 500nm while having negligible absorbance at the 
fluorescence emission wavelengths. This minimised reabsorption of the QD fluorescence, hence 
improving the waveguiding properties of the LSCs. At small scale, 0.2 wt% of QDs could be 
dispersed in 80%MMA:20%LMA however when the quantities of QD and monomer were scaled up 
for the fabrication, aggregation occurred after adding MMA to the QD dissolved in LMA. To counter 
this, additional LMA was added to re-disperse the QDs, resulting in a QD concentration of 0.167 wt% 
and a monomer mixture with composition 66.7%MMA:33.3%LMA.  

Table 1. QD-Polymer composite compositions. Amount of monomer used is shown as a 
proportion of total monomer. 

 

Polymer QD Ligand (QD 
Concentration)  

Methyl 
Methacylate 
(MMA) (wt%) 

Lauryl 
Methacrylate 
(LMA) (wt%) 

Ethylene Glycol 
Dimethacrylate 
(EGDMA) (wt%) 

PMMA 

poly(methyl 
methacrylate-co-
methacrylic acid) 

(0.2 wt%) 
 

100 0 0 

p(MMA-co-LMA) 
cadmium oleate 

(0.167 wt%) 
66.7 33.3 0 

p(LMA-co-
EGDMA) 

cadmium oleate 
(0.2 wt%) 

0 80 20 

 
Further work is required to determine why aggregation occurred in the large scale mixture, and to 
identify whether the dissolution of QDs in the monomer is dependent on kinetic factors. Three 
monomer compositions were selected to compare how the aggregation and scattering properties 
changed after polymerisation and are shown in Table 1. 
Optical properties of fabricated 1mm thick LSCs are shown in Figure 5 which were characterised 
and compared to reference samples without dispersed QDs. All three of the reference samples were 
highly transparent, with transparency ranging between 88-92%. The LSCs with dispersed QDs 
exhibited transmission losses at wavelengths less than 650nm with the greatest transmission loss 
between wavelengths of 500nm and 550nm. This correlates with the QD absorbance properties seen 
in Figure 4. At wavelengths greater than 650nm there was a very strong correlation between the QD 
LSCs and the reference samples indicating that the addition of the QDs to the polymer matrix has 
not introduced any transmission losses attributable to scattering. The absence of scattering in the 
three LSC samples indicates good QD dispersion was achieved for all three monomer systems. 
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Figure 5. Light transmission through 1mm LSCs with compositions described in Table 1. 

Solid lines represent LSCs with dispersed QDs whereas the dashed lines are the reference 
samples. The normalised emission spectrum for the CdSe/CdS QDs dispersed in PMMA is 

also shown. 
The three compositions were also successfully polymerised into plastic sheets then cut and polished 
into LSCs with 25 x 25 x 3 mm dimensions (Figure 6d). The p(LMA-co-EGDMA) LSC had the greatest 
transparency whereas the PMMA and p(MMA-co-LMA) LSCs exhibited some scattering and 
haziness. 

    

    
Figure 6. Photographs of 25 x 25 x 3 mm LSCs. (a) 0.2 wt% QD in PMMA, (b) 0.167 wt% QD 
in p(MMA-co-LMA), (c) 0.2 wt% QD in p(LMA-co-EGDMA) illuminated under 254nm UV light 

source. (d) LSCs placed on top of text to demonstrate differences in scattering between 
different QD LSCs. PMMA (top left), p(MMA-co-LMA) (top right), p(LMA-co-EGDMA) 

(bottom).  
While the p(LMA-co-EGDMA) composite has the greatest transparency, it also had the worst 
mechanical properties, being both softer and more brittle than the other LSCs. Cracking in the 

a b 

c d 
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p(LMA-co-EGDMA) during polymerisation may have been caused by excessive internal stresses 
and exacerbated by the poor mechanical properties. The performance of the LSCs could be 
assessed by observing the degree of edge-guiding. The PMMA LSC (Figure 6a) exhibited the 
greatest light loss from the face of the LSC, while the p(MMA-co-LMA) LSC (Figure 6b) also showed 
losses from the face. Light lost from the face is evidence that scattering is occurring and limits the 
amount of light reaching the edges. The p(LMA-co-EGDMA) LSC (Figure 6c) had minimal scattering 
and was most successful at concentrating light at the edge. 
Light transmission though the 3mm thick LSC and polymer reference samples is shown in Figure 
7a. The p(LMA-co-EGDMA) LSC was highly transmissive visible spectrum especially at wavelengths 
greater than 600nm. At wavelengths greater than 650nm the QD-p(LMA-co-EGDMA) LSC had 
transmission almost as high as the clear p(LMA-co-EGDMA) reference sample. This shows that 
there is negligible scattering in the sample. Importantly the p(LMA-co-EGDMA) LSC was highly 
transmissive at 630nm, the peak photoluminescence emission wavelength. In contrast the QD-
PMMA LSC was significantly less transmissive than the PMMA reference across all wavelengths. 
This is evidence supports the visual observation (Figure 6a) that the PMMA LSC is scattering light 
and that the addition of QDs has increased the scattering in the sample. The transmission of light 
through the 3mm thick sample at 630nm was only 56% and considering that light absorbed at the 
centre of the LSC would have to travel at least 12.5mm laterally to reach an edge, there is a low 
probability that light would make it to the edge, where it could be collected by a solar cell.    

  
Figure 7. Optical properties of fabricated LSCs. (a) Light transmission through LSCs of 

different composition. Solid lines represent LSCs with dispersed QDs whereas the dashed 
lines are the reference samples. (b) Comparison of absorbance between QDs suspended in 
monomer with QDs encapsulated in polymer matrix. The normalised emission spectrum for 

the CdSe/CdS QDs dispersed in PMMA is also shown in (a) and (b).  
While not as highly scattering as the QD-PMMA LSC, the QD-p(MMA-co-LMA) LSC also exhibited 
increased scattering relative to the p(MMA-co-LMA) reference, which is detrimental to the efficiency 
of LSC. The transmission data can also be used to compare the absorption and scattering of the 
polymer references. The transmission of the PMMA and p(MMA-co-LMA) was lower than the p(LMA-
co-EGDMA) reference and was sloped, which is indicative of scattering. The cause of the scattering 
in the LSC and reference samples requires investigation because it is likely the LSC scattering in 
Figure 6a and 4b is caused by scattering in the polymer rather than QD aggregation. This is 
supported by the low scattering observed in the same compositions fabricated with a thickness of 
1mm. A possible source of matrix scattering in the reference samples was contamination from the 
PVC gasket, introduced during polymerisation, as the 1mm samples fabricated using a Teflon gasket 
did not exhibit the same scattering properties. There is a small decrease in the transmission of each 
sample in the 850nm to 950nm range which corresponds to near infrared (NIR) light absorption 

a b 
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related to C-H bond vibrations in the polymer structure (Meinardi, Ehrenberg et al. 2017). The 
position of the absorption peak is consistent between each LSC and the corresponding reference 
sample however there was a difference between the different polymers. The PMMA samples showed 
an absorption peak at 900nm whereas the p(LMA-co-EGDMA) samples had an absorption peak at 
930nm. The p(MMA-co-LMA) samples exhibited two smaller absorption peaks at both wavelengths 
indicating that the matrix absorption had characteristics of both PMMA and p(LMA-co-EGDMA). 
While matrix absorption in the NIR spectrum does not affect the fluorescence of CdSe/CdS QD in 
this work, it is important to understand for the optical properties of LSCs with NIR emitting QDs, such 
as CuInS2/ZnS core/shell QDs which have been shown to be promising LSC materials (Meinardi, 
McDaniel et al. 2015). 
The degree to which the QD absorption contributed to the decrease of light transmission through the 
LSCs was determined by subtracting the absorbance of the matrix from the LSC absorbance and 
comparing with the absorbance of the QDs in the corresponding monomer mixtures. Figure 7b shows 
that absorbance has only slightly increased after polymerisation for the p(LMA-co-EGDMA) sample, 
however there is a significant increase in the absorbance of the PMMA LSC samples after 
polymerisation which is attributable to increased light scattering. There is also an increase in 
absorbance of the p(MMA-co-LMA) after polymerisation however to a much lesser degree compared 
with the PMMA LSC. An accurate indication of the effect of QD aggregates on scattering can be 
achieved in future by eliminating the observed matrix scattering in the PMMA and p(MMA-co-LMA) 
samples. 

4. Conclusions 

It has been shown that the QD dispersion in acrylate monomers can be achieved either by modifying 
the surface ligands or by selecting monomers which are naturally compatible with the QD surface 
ligands. DLS can be used as a method to determine how well dispersed QDs are when suspended 
in monomers. The dispersion improvements achieved for QDs in monomer mixtures translated to 
1mm thick LSCs with well-dispersed QDs, however scattering was observed in the 3mm LSCs which 
is likely caused by contamination of the polymer matrix. Scattering caused by the polymer matrix 
should be eliminated in order to fully understand the effect of QD aggregation on scattering. The 
3mm thick LSC with the best optical performance was p(LMA-co-EGDMA); however challenges exist 
with fabrication and mechanical properties. The use of  MMA and LMA mixtures is a new technique 
for dispersing CdSe based QDs, previously only reported for dispersion of perovskite nanocrystals 
(Meinardi, Akkerman et al. 2017). Scattering was observed in the 3mm thick p(MMA-co-LMA) LSC 
however the scattering was likely caused by the polymer matrix rather than poor QD dispersion.  
Further work is required to eliminate scattering caused by the polymer matrix and determine the 
degree to which aggregates are causing scattering in the LSC. Quantum yield measurements of the 
QDs in the monomers and polymers should be investigated as another metric for identifying the 
presence and magnitude of QD aggregation. Additionally, the effect of scattering on the power 
conversion efficiency of LSCs with edge attached PV cells should be investigated. Achieving large-
area LSCs will only be achievable if all possible loss mechanisms can be controlled. Hence 
minimising scattering losses is an important component of this aim. 
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