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Impact of Attaching Selectively Reflecting Cholesteric
Layers on Edge Output of Static and Dynamic

Luminescent Solar Concentrators

Sebastian J. M. Robben, Pietro Commessatti, Ece Tasan, Gianmarco Griffini,

and Michael G. Debije*

Luminescent solar concentrators offer a versatile option for renewable electricity
generation for deployment in the built environment. The primary challenge of
these devices remains the reduction of various losses that limit them to modest
efficiencies. Wavelength-selective chiral nematic (cholesteric) liquid crystal

reflectors with air gaps are found to yield promising results in the past, reducing
surface losses and increasing edge emissions. Herein, the influence of directly
attached cholesteric reflectors on the edge outputs of both static and switchable
“smart window” luminescent solar concentrator lightguides is investigated. For
lightguides containing a coumarin dye, an increase in edge photon emission of at
least 30% (from 2.2% to 2.9% external photon efficiency) is achieved when using
full reflectors at both top and bottom of both static and dynamic lightguides with
a central reflection wavelength centered at 600 nm, ~70 nm red-shifted to the dye

advantages over other renewable energy
sources; the electrical generation can be
made close to the user, it is noiseless and
low cost in operation and maintenance.”
The luminescent solar concentrator (LSC)
has been proposed to complement standard
PV technologies specifically for deployment
in urban settings.®”! Typical LSCs consist
of a plastic or glass sheet topped with or
impregnated by luminescent dye molecules.
The dyes absorb both incident direct and
indirect sunlight and re-emit the absorbed
energy at longer wavelengths, a significant
fraction of the light directed in such a
way as to be trapped by total internal reflec-

emission peak.

1. Introduction

Solar energy systems have become an important staple of renew-
able energy alternatives to fossil fuels.'! Conventional solar energy
systems using photovoltaic (PV) cells show numerous useful
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tion (TIR) in the plastic or glass sheet which
acts as a lightguide. LSCs may be produced
in any color (or colorless),® shape,”” and
size, " allowing for easier urban integration
as street furniture,"" bicycle shelters,"V noise barriers,'”
windows,™**! or as building facades,”! where color is ubiquitous
to the urban environment."*™'® The trapped light can be used to
illuminate edge-mounted PVs for generation of electricity,**"!
hydrogen,”®® or emission can be used directly to drive photo-
chemical reactions.!*"! By embedding a fluorescent dye in a host
liquid crystal (LC), it is possible to make ‘smart’ windows that
can switch between a “dark” state that absorbs incident light,
the dyes re-emitting this light at a longer wavelength so as to
be trapped within the glass plates for generating electricity,
and “light” states where the dye absorbs minimal light.*%%*!

Despite the lightguiding, a significant fraction of the emission
light is not trapped by TIR and is emitted through the surfaces of
the lightguide: losses generally are 30%-50% of dye emitted
light.** While this surface loss can be utilized for spectral down-
shifting in PVs,”*! or in horticulture to enhance plant growth,%2”!
in most LSC-based devices, surface losses are undesirable, as they
represent losses of potential photons reaching the PV at the device
edges, and thus loss in efficiency.

Several attempts have been made to confine the LSC emission
light to the lightguide. Alignment of the dichroic dyes provides
one manner of control of the emission, with homeotropic align-
ment essentially eliminating surface loss, but also severely
restricting the possibility of the system absorbing light.?*~%
Alternative antenna dye designs allow capture of light from
one luminophore, and emission by another favorably oriented
for light capture, but such dyes would be quite expensive.>'*
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Another approach to reduce surface losses is using selectively-
reflecting mirrors transparent to wavelengths absorbed by the
dye and reflective to wavelengths emitted by the dyes (see
Figure 1). Previous efforts have used Bragg reflectors,*>" silver
and aluminum metal films,*® photonic layers,*” and rugate
filters.[*”!

Generally, organic Bragg reflectors are difficult to extrude, and
metallic reflectors are tedious to deposit. A class of selective
reflector much more easily deposited from solution is chiral
nematic (cholesteric) liquid crystals (ChLCs). ChLCs are nematic
LCs which have been doped with a chiral molecule.*" The chiral
dopant induces a ’twist’ between the adjacent LC layers, forming
a helical structure. This helix can either be right- or left-handed
(RH, LH) depending on the nature of dopant used and reflects a
bandwidth of light of the same polarization handedness as the
helix, meaning a RH-ChLC reflects RH-circularly polarized light
(CPL), and vice versa, with bandwidth A\ determined by

Al = Anp (1)

where An is the difference between the extraordinary and ordi-
nary refractive indexes of the LC host, and p the pitch, defined as
the distance it takes for the helix to undergo a 360° turn (typically
resulting in a bandwidth on the order of 50-75 nm in the visible
range). The pitch is related to the helical twisting power (HTP) of
the chiral dopant, a measure of the ability of a chiral dopant to
induce the helical structure in the nematic LC. A stronger HTP
will result in a shorter pitch and, in turn, the ChLC reflecting
shorter wavelengths. The chiral dopant weight concentration
Cy determines the pitch and reflected wavelength, summarized
by equation!*?!
1

Since a ChLC can either reflect RH- or LH CPL, a combination
of two ChLC reflectors is needed to fully reflect sunlight of a spe-
cific wavelength. To fully minimize surface losses, these full
reflectors need to be applied on both sides of the lightguide to
retain the translucent property of the LSC panel, which is a
sought-after characteristic in many applications in the built envi-
ronment (e.g., windows).

Our initial work on using ChLC reflectors employed two RH-
ChLC layers deposited on either side of a halfwave plate, which
was laid atop an LSC lightguide with a scatterer at the bot-
tom.[*>** While the ChLCs were demonstrated to be effective,
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the system was not always applicable as the devices had an air
gap between the lightguide and the ChLC layer which could eas-
ily be fouled and/or easily torn away by the wind, and the device
was not transparent as it used a rear scatterer. In this work, we
directly attach RH- and LH-ChLC reflective layers to the top and
bottom surfaces of both static and dynamic LSCs, allowing trans-
lucent devices with improved performance over device employ-
ing reflective layers and an air gap, with a significant blue shift in
the wavelength of the most effective reflection band.

2. Experimental Section

The static LSC lightguides were made from a solution consisting
of a pentaacrylate/methyl methacrylate mixture (70:30 weight
ratio, Polysciences Inc), 1wt% of the photoinitiator Irgacure
184 (Ciba), and 0.25 wt% of DFSB-K160 (K160), a fluorescent cou-
marin-derivate (Risk Reactor) spincoated on 50 x 50 x 5 mm®
polymethyl methacrylate plates (PMMA, Plano Plastics) at
1000 rpm for 30 s and immediately placed under a low-intensity
Philips UV lamp at room temperature in a nitrogen atmosphere
for 10 min to photopolymerize. The dynamic lightguides used
0.1wt% K160 dye in the commercial LC mix E7 (Merck) to fill
custom 50 x 50 x 5 mm® ITO cells (LCtec) with spacers to form
a 20 pm between the plates with planar alignment layers at 60 °C
by capillary action.

Prior to coating lightguides with RH-ChLC layers, an alignment
layer of 5wt% polyvinyl alcohol (PVA 87%-89% hydrolyzed, Mw
31000-50 000, Sigma-Aldrich) in water was spincoated at
1000 rpm for 30s on top of the dye layer (static samples) or one
side of the glass cells (dynamic samples) and placed on a hotplate
at 90°C for ~10 min to ensure all water evaporated. The light-
guides and cells were removed from the hotplate and left to cool
to room temperature. The PVA layer was then rubbed on a rubbing
cloth two times, exerting moderate and uniform pressure. After the
rubbing, a solution consisting of the liquid crystal Paliocolor LC242
(BASF) with varying concentrations of the chiral dopant LC756
(BASF; HTP in LC242 calculated to be ~64 pm "), 1wt% of the
photoinitiator Irgacure 184 (Ciba, Basel, Switzerland), and 0.1 wt%
of surfactant, 2-(N-ethyl-perfluorooctane sulfonamido) ethyl
acrylate (ABC Chemicals), in xylene (55 wt%, Biosolve) was spin-
coated at 1000 rpm for 30 sec at room temperature; the plates were
immediately placed on a hotplate at 80 °C for ~30 s until the sol-
vent evaporated and the ChLC phase had formed, after which they
were photopolymerized under a low-intensity Philips UV lamp
(1mWcm %) at room temperature for >90s under nitrogen

Selective
Mirror

—

Figure 1. Schematic illustration of the concept of wavelength-selective mirrors and their application on LSC devices. On the left, an initial situation is
depicted where emitted light is lost through the surface. On the right, selective mirrors are applied on top and bottom of the lightguide, reflecting
otherwise lost light, allowing it to exit the edge of the device. Layers are not shown to scale.
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atmosphere. The opposite side of each plate or cell was coated with
PVA and rubbed on a cloth, after which the same ChLC solution
was spread using a spin coater under identical conditions, and after
heating to the nematic phase and cooling to room temperature and
then photopolymerized, resulted in lightguides with identical RH-
ChLC layers on each face.

LH-ChLC layers were added on top of the existing right-handed
reflectors. One lightguide side was spincoated with 5wt% PVA
solution and rubbed and spincoated with a solution similar to those
used for the righthanded ChLC layer: liquid crystal LC242, 1 wt%
photoinitiator and 0.1 wt% surfactant, and S-trans-stilbene oxide
(TSO, internally synthesized; HTP~ —27 pm™ " in LC242) at vari-
ous weight concentrations in xylene (55 wt% solution; 99% pure,
Biosolve). After application of the left-handed ChLC on one side of
the lightguide, a PVA layer was applied to the opposite face,
rubbed, after which the same LH-ChLC solution was coated on
the rubbed PVA, heated to the nematic state, cooled, and photopo-
lymerized. In some samples, the left-handed layers were applied
before the right-handed. An illustration of the device construction
is given below as Figure 2.

Absorption and transmission spectra were recorded on a
Shimadzu UV-3102 spectrophotometer. Edge emission for each
of these samples was measured using an SLMS 1050 integrating
sphere (Labsphere) equipped with a diode array (RPS900,
International Light, sensitive to a spectral range of 350 to
1000 nm) exposed to AM1.5G spectrum from a 300 W solar
simulator light source (Scisun, Figure S1 in the supplemental
information (SI)). The solar simulator light is ~7% polarized per-
pendicular to the sphere entry point: the results in this work were
not corrected for this anisotropy, so the edge emission ratios
reported for the aligned cells may be considered minimum val-
ues. The top surfaces of the static lightguides were illuminated
while being securely held in place by an anodized aluminum
holder (measured reflection ~7%) and the switchable cells on
a 3D printed polymer holder coated with matte black spray paint
(also ~7% reflectivity; see Figure S2, Supporting Information),
with the lightguide edge of interest facing toward the integrating
sphere. All the measurements of static samples were done with
the dye-coated side facing away from the incident light (e.g.,
placed at the bottom), and all emission edges were measured.
To make representative comparisons with the subsequent

LH-ChLC
Rubbed PVA
RH-ChLC
Rubbed PVA

PMMA lightguide

K160 dye in acrylate host
Rubbed PVA
RH-ChLC
Rubbed PVA
LH-ChLC

Figure 2. Schematic of the structure of the static LSC devices; layer thick-
nesses not to scale.
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samples coated with ChLC layers, the first edge measured was
indicated with a dot. In total, 11 identically-prepared samples
coated only with K160 with 44 sides measured showed total emis-
sion variations of 3.7%. For the dynamic cells, edge emissions
were possible from two edges, one with alignment layer parallel
to the integrating sphere port, and one with alignment layers per-
pendicular. Square wave, 1000 Hz electric potentials were
applied to the cells via a BK Precision 4054B function generator
and alligator clips.

3. Results and Discussion

The absorbance spectra of static 50 x 50 x 5 mm"® PMMA
LSCs coated with 0.25wt% of the model fluorescent dye
K160 (fluorescence quantum yield ~97% in a liquid crystal
environment!*”)) in an acrylate host were recorded, and emis-
sion from each of the four edges under AM1.5 G illumination
was measured using an integrating sphere (see both the absor-
bance and emission spectra of the LSC shown in Figure 3).
While the K160 dye is not robust enough to withstand continual
outdoor exposure, it serves as a good model system durable
enough to withstand the exposures experienced in these experi-
ments over the short exposure times they experienced during
the experiments (<10min total exposure; see Figure S3,
Supporting Information) and very soluble in the host materials.
The calculated n;,,, (internal photon efficiency, a measure of the
number of photons emitted as a fraction of number of photons
absorbed) for the LSC was estimated to be 75.6% (see Table S1,
Supporting Information).*¢*”]

We then applied RH-ChLCs to LSCs with reflection wave-
lengths centered at 470, 530, 600, 650, 700, or 800 nm on both
the top and bottom surfaces of the lightguides (that is, a RH-
ChLC layer on a rubbed PVA layer on top of the dye-doped layer
and a RH-CLC film on a rubbed PVA layer on the opposite face of
the LSC), and the resulting edge emissions measured. The
470 nm reflection band significantly overlaps the absorption
spectrum of the coumarin-derivative dye, while 530 nm largely
coincides with the peak emission (Figure 4a).

Finally, we added wavelength matching LH-ChLCs on top of
PVA alignment layers atop the RH-ChLCs on both sides of the
lightguide and again measured all four edge outputs (Figure 4b).
One such collection of emission spectra from one sample edge is
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Figure 3. Absorption (blue line) and normalized edge emission (red line)
spectra of a lightguide coated with 0.25 wt% K160 dye in an acrylate host.
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Figure 4. Reflection spectra for a) RH-ChLCs using chiral dopant concen-
trations of 5.3 wt% (violet), 4.7wt% (blue), 4.1 wt% (green), 3.5 wt%
(orange), and 3.1wt% (red) LC756 and b) stacked RH- and LH-
(11.6 wt%, 10.4 wt%, 9.2 wt%, 7.7 wt%, 7 wt% TSO) ChLCs. The promi-
nent peak at ~450nm results from the absorbance by the 0.25wt%
K160 dye layer.

shown as Figure S4 in the Supplemental Information. We con-
vert the energy of emission at each wavelength into number of
photons, n,, by using

El = nlhc//l (3)

where E, is the measured energy at the wavelength 4, h is
Planck’s constant (6.626 x 107>*Js), and ¢ is the speed of light
(2.998 x 10°ms™"). To determine edge output, we integrated
the emission spectra over the range of emission wavelengths,
which we took to be 450-750 nm.

The relative results of the emission measurements are
depicted in Figure 5. While the measured edge emissions from
the dye-topped lightguides without ChLCs were reproducible,
there were more variations in the results after adding the
ChLC liquid crystal layers: this may be expected due to the mul-
tiple steps involved preparing the samples (eight layers in total on
the dye-topped lightguide). Despite this, the results are reason-
ably consistent, and while absolute values of single samples may
vary, the general trend is quite clear. Because of the uncertainty
of determining the exact dye absorption with the attachment of
the cholesteric layers, we refrain from reporting an internal pho-
ton efficiency for the coated devices.

It is obvious employing a cholesteric with reflection band cen-
tered too close to the absorption wavelength negatively or

Adv. Photonics Res. 2026, 7, €202500122 €202500122 (4 of 8)
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Figure 5. Fractional change in edge emission of photons from 0.25 wt%
K160 topped lightguides after application of a single, RH-ChLC to both
front and back sides (blue) and application of a LH-ChLC on the RH-
ChLC films (orange). Error bars refer to measurements of two samples
at each wavelength <700 nm. The performance of a bare LSC with no
attached cholesteric is indicated by the dotted line.

minimally affects the emission of light to the edge of the light-
guide. The dual-reflector centered at 600 nm, red-shifted some
~70nm from the peak emission around 530 nm, generated
up to 30% higher edge emission than the bare LSC lightguide.
An even greater red-shifted reflector from the peak emission
wavelength for the sample with the best performance was seen
in previous work using ChLC reflectors with an air gap.**! Since
the dye used in the previous work using an air gap, Lumogen Red
305, is quite different than the dye used in this work, and the
previous work deployed a rear scatterer rather than the blackened
surface used here, direct comparisons must be made with cau-
tion. The previous work showed a peak emission increase at
equivalent peak absorbance values (=90% absorption) of 15%
using a ChLC shifted some 150 nm from the emission peak.!*’!
Initial indications are by attaching the reflectors directly to the
lightguide, the most effective reflector is less red-shifted from
the peak emission wavelength. With an attached reflector, the
effectiveness of the cholesteric layer appears to double with
respect to previous work.

The sun is not stationary, and so consideration must also be
taken for the relative position of the incident light to the LSC
ChLC layer. Light incident at an angle with respect to the
ChLC normal encounters a blue-shifted reflective wavelength,
which consequently may cause incident light to be reflected away
before it may enter the lightguide for absorption.*¥ To study this
impact, we took three LSC lightguides coated with full reflectors
on both sides of the lightguide centered at 470, 530, and 700 nm
and measured their emission on the integrating sphere by rotat-
ing the sample holder. The edge emission at incidence angles of
20, 30, 45, and 60° to the lightguide surface normalized to the
sample’s emission at normal incidence is reported (see
Figure 6). The black dotted line represents the theoretical impact
of the rotation of the sample simply based on the reduced surface
area relative to the light source. The results are as one might
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expect. The edge emission of the sample with the 470 nm reflec-
tor immediately drops sharply upon increasing the angle, a result
of the reflection band shifting into the absorbance spectra of the
dye. This is also the case for the 530 nm sample, but the effect is
less rapid as the reflector starts around the peak emission of the
dye. The 700 nm sample shows a quite different impact, actually
increasing the performance slightly at steeper angles, likely an
effect of increased pathlength of light through the dye layer
for enhanced absorption. The take-home message is that for
the LSC, a red-shifted reflection band provides the best balance
between capturing surface losses and maintaining emission light
in the lightguide and avoiding losses of incident light at steeper
angles.

The absorption spectra of 20 pm ITO-coated cells filled with
0.1 wt% K160 dye in the E7 LC host were taken with light polar-
ized both parallel (A;) and perpendicular (A}) to the alignment
direction of the host LCs. As expected, there is a more pro-
nounced impact on the absorption spectra when the light is
polarized parallel to the host LC than perpendicular, suggesting
the fluorescent dye is aligned predominantly parallel to the host
LC: the order parameter, S, determined by

(A —A)

ST oA “

was calculated to be 0.49-0.52, in line with previous results for
this dye in this host.”?! By applying electrical potential across the
cell, the average tilt angle of the K160 dye could be modified,
resulting in decreased absorbance for light polarized parallel
to the alignment direction of the dye (Figure S5, Supporting
Information). The average tilt angles of the dyes with respect
to the surface were estimated by assuming all molecules lay flat
at no applied field and absorb geometrically less light with
increasing angle: the calculated tilts may be seen in Table S2,
Supporting Information. The calculated internal photon
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efficiency (number of photons emitted as a fraction of calculated
total absorbed photons 350-1000 nm; absorbed photons were
determined by combining the solar simulator spectrum and
the dye absorption spectrum, and we did not adjust for the
~7% of photons reflected from the LSC sample holders during
illumination so reported internal photon efficiencies can be
assumed as maxima) photon efficiencies of the LSC cell as a
function of applied potential are shown in Table 1.

Applying the eight layers necessary to produce full reflectors
on either side of the cell (four PVA alignment layers and two each
of left- and right-handed reflector) was a challenging process, and
most of the samples displayed some degree of scatter in the
reflectors. Transmission spectra of all the samples are shown
in Figure 7.

Light emissions from the cell were determined from two
orthogonal edges, one parallel and one perpendicular to the
alignment of the LC host with RH- and LH-ChLC reflectors
applied to both the top and bottom surfaces of the lightguide
as a function of applied potential across the cell. Sample edge
emission spectra corrected for scattering from the E7 are shown
in Figure S6, Supporting Information: corrections were made by
matching the 760 and 830 nm spectral features of the solar sim-
ulator with corresponding peaks in the emission spectra of the
dye and subtracting the scaled simulator spectrum from the edge
emission spectrum. The analysis was complicated by the imper-
fect nature of the handmade cholesteric stacks, with additional
light being directly scattered to the edge. While this appears

Table 1. Calculated internal photon efficiencies of a bare K160 LSC cell as
a function of applied potential (determined by calculating individual
efficiencies from the parallel and perpendicular cell edges and doubling).

Applied potential (V) 0 1 2 3 4 5 6 7 & 9 10
Calculated nint (%) 57 57 57 60 65 69 72 74 75 76 77

Solar simulator light
Integrating
sphere
O
~. &
Tl 0
ety é LsC
T Incidence angle 0°
40 50 60 Incidence angle 45°

Light incidence angle (degrees)

Figure 6. (Left) Normalized edge emissions of samples with (blue triangles) 470 nm, (orange squares) 530 nm, and (gray circles) 700 nm RH- and LH-

ChLC layers applied to both top and bottom as a function of incident angle of the solar simulator light to the lightguide surface. (Right) Definition of

incidence angle of excitation illumination.
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Figure 7. Transmission spectra of all 20 pm ITO cells containing 0.1 wt% K160 in E7 (the peak at around 450 nm) with the ChLC coatings centered at
approx. 530, 600, 650, and 750 nm examined in this work. In the legend, numbers refer to the central reflection wavelength of the coating on the cell, while
C1 and C2 differentiate them when two separate samples were made. Insets are photographs of the samples 750C2, 650C2, and 600C2.

to enhance the performance of the LSC, it is expected that upon
producing industrial-quality cholesterics with no scatter, these
effects will disappear. In addition, such scattering effects are
quite short range (productive only over a few cm!*®). Based
on the edge emission spectra, we have restricted our analysis
to the 530 and 600 nm samples: the other samples show a sig-
nificant impact from the scattering, and while the results give
high emission, we do not feel they may be properly compared
to the original sample, and proper calculation of actual dye
absorption is too uncertain to claim a specific internal photon
efficiency. The results of these analyses are found in Table 2.
The calculated average fractional edge emission increase for
the 600 nm cholesteric reflector stack of around 35% for the
switchable LSC is quite similar to the 30% determined for the
static LSCs. Edge emissions at each applied potential were also
recorded, and the results seen in Figure 8. The edge emission
photon flux showed an increase upon application of electric
potential, as might be expected be the reorientation of the dye
to a more vertical position, the dipole emission now preferen-
tially directed into the lightguiding mode.”** The external photon
efficiencies (the number of edge emitted photons as a faction of
photons incident on the lightguide surface from 350 to 1000 nm)

Table 2. Integrated edge emission for 20 pm 0.1 wt% E7/K160 cells at rest
topped with 600 nm, 530 nm, and no cholesteric layers recorded on a
holder with a painted black plastic background. Fractional increases in
the measured integrated emission over the noncoated (bare K160) cell
are also shown.

Cell Bare K160 600 [nm] 530 [nm]
Perpendicular emission (photons s™') x 10° 1.50 2.16 2.07
Increase (%) - 44 38
Parallel emission (photons s~') x 10° 2.00 2.53 2.25
Increase (%) - 27 12
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Figure 8. Averaged edge emission (photon flux) with respect to applied
potential for the two orientations, parallel (violet) and perpendicular (red)
for an LSC cell filled with 0.1 wt% K160 in E7, coated with a ChLC layer with
a central reflective wavelength of 600 nm measured on a black back-
ground. The data for a noncoated cell are also shown for comparison from
parallel (blue) and perpendicular (orange) edges. The values for the LSC
cells coated with a 600 nm reflector are an average between the spectra of
two cells produced and corrected for LC host/cholesteric scattering.

increased upon application of the electrical potential as well (see
Table 3).

One possibility for further improving LSC performance is to
not only improve the quality of the reflectors, but to reduce the
angular dependence of the ChLC.”” Reducing the angular shift
would allow the centering of the reflection more directly in the
wavelength range of the emission and reducing the rejection of
sunlight incident at steep angles to the lightguide surface.
Another option to improve total device performance is to tune
the reflection band not only to the emission wavelength but

© 2025 The Author(s). Advanced Photonics Research published by Wiley-VCH GmbH
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Table 3. Calculated external photon efficiency (ney) for 20 pm cell containing 0.1 wt% K160 in E7 and for the same cell coated with RH- and LH-cholesteric
layers centered at 600 nm on both top and bottom as a function of electrical potential applied to the cell and estimated average tilt angle of the dyes, and
the calculated relative improvement upon adding the cholesteric reflectors.

Applied potential (V) 0 1 2 3

Estimated avg. tilt angle (%) 0 0 25.5 53.6
next - K160 dye alone (%) 22 22 2.1 1.9
next - with 600 nm cholesteric (%) 2.9 2.9 2.9 2.7
Increase (%) 33.8 33.2 353 43.2

4 5 6 7 8 9 10
67.2 733 76.6 78.6 79.9 80.8 81.5
1.8 1.7 1.6 1.6 1.6 1.5 1.5
2.6 2.5 2.5 2.4 2.4 2.4 2.4
47.7 51.7 53.2 54.2 55.5 56.1 57.1

taking into consideration the path taken by the sun across the
sky. Yet another option is to broaden the reflection band of
the cholesteric, thereby more effectively covering the complete
spectral width of dye emission.” Finally, the angular impact
of the ChLCs may be reduced by making use of tilt-aligned
LCs with anisotropic reflection spectra.’?

4, Conclusion

PMMA plates coated with static 0.25 wt% coumarin-derivative dye
layers and right-handed and left-handed ChLC layers attached
directly to the top and bottom surfaces showed edge photon emis-
sion increased by up to 30% with ChLC central reflection wave-
lengths shifted ~70nm from the peak emission wavelength of
the dye compared to the same sample without the selective reflec-
tors. Adding similar reflectors to switchable LC cells with 0.1 wt%
of the same coumarin dye showed increased edge emission an
average of ~35% with a similar red shift in the reflection band
with respect to the emission peak wavelength found in the static
samples, the fractional increase slightly larger as the tilt angle was
increased by applying an electrical potential across the cell.

The use of directly attached ChLC reflectors could significantly
improve the viability and cost-effectiveness of LSCs. As research
continues into more effective luminophores with enhanced
Stokes shifts and quantum yields, the impact of the cholesteric
layers can only be enhanced as they effectively restrict surface
losses and turn them into meaningful output: current LSCs with
efficiencies of 2.22%-6.87% have been produced,®® and this
work suggests this output could be increased to 2.9%-8.9% or
more. By improving electrical performance and adding the aes-
thetic advantages of structural coloration to a wide variety of func-
tional devices, the LSC can be brought closer to effective
commercialization. Looking ahead, future research should delve
into the further optimization, scalability, and design of these
devices to promote their adoption within architectural settings
and advance the development of alternative sustainable energy
solutions.
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