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Multi-channel adjustable chiral liquid crystal materials with out-
standing circularly polarized luminescence (CPL) have attracted lots
of interest. Here, we demonstrate a coumarin 6 (C6) doped chiral
liquid crystal, exhibiting crosstalk-free tunable CPL behavior by
adjusting the component ratio and thickness. In the thickness
study, when a double-layer structure was implemented, excellent
CPL performance with a large dissymmetry factor (1.53) was
observed in an optimal ratio. In particular, a rare chiroptical device
using the obtained CPL as the input signal source was built to
encrypt the signal transmission.

Chiroptical materials with circularly polarized luminescence
(CPL) provide an exceptional platform for optical displays,'™®
data storage”® and sensors.'>"" Endowing luminescent materials
with an extra dimensional property of polarization plays an
important role in these application fields. Generally, a significant
parameter, the dissymmetry factor gium = 2(I, — R)/(IL + Iy), is
used to evaluate the quality of CPL, where I;, and Iy are the
intensities of the left and right circularly polarized light,
respectively.'> Many approaches have been explored to generate
a CPL with a high |gjum| value®™® and so far one of the most
powerful strategies is blending a luminophore into chiral
nematic liquid crystals (N*LC). By designing the types and
proportions of the chiral molecules, luminophores, and the main
liquid crystals of N*LC, the |gjum| of the obtained CPL can reach
the order of 10~ to 1."'77° Moreover, it is a flexible design that
the units in N*LC can be either doped independently or con-
nected by a covalent bond. In addition, substantial efforts have
been devoted to introducing functional groups into N*LC units
so that using multiple physical stimuli, like electric field,”®™°
light®® and heat,>**" to tune CPL activity can be realized.
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To further match the photonic bandgaps (PBGs) of N*LC with
the emission peak, excellent CPL activity could be obtained.>*?°??
It is mainly originated from the selective reflection of left or right
circularly polarized light by the PBG region.”>***® This means that
the CPL property may vary for dye-doped N*LC in different spaces.
Therefore, it is noteworthy to study the effect of the cell thickness
on N*LC, which is crucial to build and improve the corresponding
CPL device. However, the issue of CPL performance in N*LC
correlated to cell thicknesses tends to be neglected and lacks
investigation. Furthermore, the majority of chiroptical opto-
electronic devices were designed only by using CPL as the
output signal, which ignores the important function of CPL
as the signal source with multi-dimensional information, limit-
ing the dimensions of the application.

In this work, a kind of N*LC is prepared by using commercially
available liquid crystal medium SLC1717, chiral dopant R/S-811,
and C6 as the emitter (Fig. 1a). After locating the emission at the
center of PBGs, the thickness-dependent CPL properties were
studied. The results indicated that the |gj,m| value is not positively
correlated with the increase of cell thickness. This should be
attributed to the irregular arrangement of N*LC when the liquid
crystal cell is too thick. Additionally, a double-layer cell structure is
used to load N*LC, whose gj,m can be amplified to as high as 1.53
(Fig. 1b). More importantly, based on the N*LC with high-quality
CPL activity, low-cost photo-resistance is able to recognize the CPL
by the circular polarizer and further transfer the inputted signal to
the current signal. Then, the application of a functional signal
generator encrypted by CPL is successfully demonstrated.

First of all, to obtain the best CPL property, the optimum ratio
of the component species in N*LC is investigated. Theoretically,
increasing the ratio of the chiral component concentration tends
to induce the blueshift of PBGs of N*LC.**?” As shown in Fig. 2a,
tunable PBGs are given by changing the weight ratios of the chiral
dopant R811/SLC1717 from 41 wt%, 43 wt%, 45 wt%, 47 wt% to
49 wt%. After adding 1 wt% C6 into N*LC with the corresponding
ratio of R811/SLC1717, the emission and PBGs location only
show slight changes (Fig. 2a and Fig. S1, ESIT). The tendency of
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Fig. 1 A scheme of (a) the preparation method of N*LC with CPL activity
and (b) the non-positive correlation between thickness and gym in N*LC,
the double-layer structure showing the highest giym.
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Fig. 2 (a) The transmittances of N*LC at different weight ratios of R811/
SLC1717 (dashed line) with the corresponding emission spectrum (solid
line) after adding 1 wt% C6, dex = 360 nm laser and (b) CPL dissymmetry
factor gium, C6/SLC1717 = 1 wt%, Aex = 380 nm, cell thickness = 29 pm. (c)
The emission spectrum of N*LC with different weight ratios of C6/
SLC1717, Aex = 360 nm laser and (d) the corresponding CPL dissymmetry
factor gium, R811/SLC1717 = 47 wt%, Aex = 380 nm, cell thickness = 29 um.

the gjum at different weight ratios of R811/SLC1717 is shown in
Fig. 2b. The positive gjum of CPL is decided by the chirality of the
chiral dopant. Here, C6 in 47 wt% R811/SLC1717 presents
the highest gjum, which is ascribed to the maximum reflection
of the PBGs center to the emission. In this case, we compare the
emission of N*LC with different concentrations of C6 including
0.1 wt%, 0.5 wt%, 1 wt%, 5 wt% to 10 wt% for C6/SLC1717
(Fig. 2c). On the one hand, due to the increase of C6 concen-
tration, the role of luminescence self-absorption leads to a red-
shift of emission and the highest emission intensity at 514 nm
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for C6/SLC1717 being equal to 1 wt%.
C6/SLC1717 reaches 10 wt%, an aggregation-caused quenching
phenomenon and aggregation emission peak around 550 nm are
obviously observed. Yet the location of PBGs is almost invariable
for various C6 concentrations (Fig. S2, ESIt). It indicates that it is
crosstalk-free to regulate emission and PBGs via the concen-
tration of dye and chiral dopant. Since this kind of shift of
emission caused by C6 concentration results in the mismatch
to the center of PBGs, the gj,m in N*XLC of 1 wt% C6 reaches a
high point (Fig. 2d). It is regarded as the ideal ratio for lumines-
cent N*LC. Then, we have analyzed the effect of the different
dopants on the liquid crystal by X-ray diffraction (XRD), in which
the liquid crystal always maintains a broad peak without shifting
(Fig. S3, ESIt). It can be explained by the fact that the dopants are
homogeneously dispersed in liquid crystals and fail to cause a
liquid crystal structure variation.

To further gain insight into factors affecting CPL, we study
the chiroptical property of N*LC for various thicknesses. Based
on available knowledge, as the slab thickness increases, the
CPL dissymmetry factor |gi,m| of identical N*LC caused by
selective reflection should gradually approach the ultimate
value of 2 inside the stopband.’®?° Subsequently, we have
further investigated the maximum gj,,, of N*LC at the optimal
ratio with different thicknesses including 3.2, 5.0, 7.7, 15.0,
18.0, 20.0, 29.0 and 58.0 pm (Fig. 3a). Interestingly, the gum is
able to be enhanced by the thickness only in a relatively small
range. Nevertheless, as the slab continues to thicken, the gjum
changes slightly. We attribute this non-positive correlation to
the irregular orientation of N*LC in the thick cell. To prove this
point, we give a fluorescence and transmittance spectrum
analysis to different thicknesses of N*LC. The Lambert-Beer
law at low concentrations for photoluminescence intensity at
524 nm with the highest g, is not suitable in the tested
thickness range (Fig. 3b and Fig. S4, ESIt). The decreasing slope
instead of a linear relationship supports the probable light
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Fig. 3 Plots of (a) maximum gium, Zex = 380 nm, and (b) photoluminescence
intensity at 524 nm, Aex = 447 nm laser, versus the various thicknesses of the
N*LC. (c) gium values of N*LC loaded by a 29 um single layer, a 58 um single
layer and double 29 pm layers cell, respectively. (d) The positive and negative
Juum curves are responsible for R811 and S811 doped N*LC in the double 29
um layer cell, respectively. C6:R/S-811:SLC1717 = 1:47:100 weight ratio,
Aex = 380 nm.
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scattering induced by the disorder of N*LC in large spaces, thus
reducing the selective reflection ability of N*LC to circularly
polarized light. According to the transmittance, the PBGs location
will not be shifted with cell thickness variation (Fig. S4, ESIt).
Furthermore, the changeable planar texture images of N*LC with
various thicknesses can be observed by the polarizing optical
microscope (Fig. S5, ESIT).

N*LC, which varies in depth, may change the reflection
depth and direction.>®**° To avoid this issue caused by thick-
ness, we try to use the double-layer liquid crystal cell. Two
quartz glass cells with 29 pm spacers adhered to both sides are
stacked to form one double-layered cell. As compared to the
used cells with the same 58 pm thickness of N*LC, the gj,m, of
N*LC in the double-layered cell is dramatically amplified from
1.07 to 1.52 (Fig. 3c). In other words, the ability of selective
reflection per unit thickness in the double-layered cell is
stronger than the normal 58 pm N*LC, which is in accordance
with this hypothesis above. However, further splitting the N*LC
into three layers will result in an illumination intensity drastic
decrease (Fig. S6, ESIT). Thus, it reminds us to choose suitable
conditions to ensure that both the light intensity and gy, are
sufficient as required. Moreover, the gj,, curves of N*LC in the

O
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double-layered liquid crystal cell are illustrated in Fig. 3d,
where S811 doped N*LC can generate a negative CPL with
approximately the same magnitude of gy, as using R811.
The advanced CPL properties and stability of the obtained
N*LC inspire us to explore its application in information
transmission (Fig. S7, ESIT). Here, we have built a brief system
of the encrypted functional signal generator (Fig. S8, ESIt). As
depicted in Fig. 4a, when N*LC in the double-layered cell is
excited by 365 nm ultraviolet (UV) light, quality CPL is obtained.
In terms of the different light intensity of CPL through different
circular polarizers, two detection modes can be built to input
diverse information. After switching the light intensity signal to
an electrical signal via a low-cost photoconductor, we use
commercial and cheap Arduino UNO as the processing unit
to modulate the functional signal observed by an OLED screen.
The two kinds of polarizers for detection are composed by
switching the fast axis of the quarter-wave plate to the trans-
mission axis of the linear polarizer between 45° and 135°. When
the quarter-wave plate and the linear polarizer at 45° are used
as the detection channel, a high inputted light intensity signal
from CPL of R-N*LC is defined to generate a sinusoidal signal
(Fig. 4b). Then turning the angle between the two axes to 135°

365 nm light source
465 nm short pass
Sample

465 nm long pass

Quarter-wave plate
Linear polarizer
Photoconductor

50 — — — — —

Analog signal
Analog signal

t(s) t(s)

Fig. 4

switch detection channel

Analog signal
Analogy signal

(a) A working schematic diagram for the system of the encrypted functional signal generator. (b) The output sine wave signal from the device using double-

layer R-N*LC excited by 365 nm UV light as the input signal source through the left circular polarizer and (c) the generation of the square wave signal in the
detection mode by the right circular polarizer. C6:R811:SLC1717 = 1:47:100 weight ratio. The sine wave signal output from the system using the double-layer
achiral liquid crystal excited by 365 nm UV light as the input signal source detected by (d) left and (e) right circular polarizer. C6/SLC1717 = 1 wt%. The inset left upper
photograph is the signal displaying on the screen. The inset right upper photograph is the liquid crystal viewed through the corresponding circular polarizer.
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as the encryption detection mode witnesses a low light intensity
responsible for the definition of square signal, as shown in
Fig. 4c (also see Movie S1, ESIt). In contrast, if the prepared
achiral liquid crystal C6 doped SLC1717 is used as the sample,
both modes for polarization detection show the sine wave
(Fig. 4d and e). Thus, there is no threshold value or light
intensity difference for the identification of the two detection
modes in this system. By analyzing the luminescence per layer of
the liquid crystal, in addition to be the silent CPL, the achiral
liquid crystal shows a relative red shift emission to N*LC with
identical parameters (Fig. S9 and S10, ESIf). This should be
attributed to the absence of PBGs so that the high-intensity signal
is stable as input. Meanwhile, lifetime measurements have
proven that a chiral dopant does not influence the radiative
transition of C6 in the liquid crystal (Fig. S11, ESIt). Therefore,
an encrypted square wave signal will not be displayed and the
sinusoidal signal here is defined as the general read mode.

Conclusions

In conclusion, we have fabricated C6 doped N*LC with excellent
CPL performance. Further study shed light on the thickness-
dependent N*LC property. The dissymmetry factor |gjum,| will not
infinitely increase to 2 inside the PBGs by thickening the cell,
which is the result of the disorder assembly of the liquid crystal in
a large space. Instead, gj,m tends to stop increasing when the cell
becomes thick enough. Significantly, using a double-layer cell to
load N*LC can deal with this problem. An amplified |gj,m| value
over 1.5 was obtained, which is much higher than the N*LC in an
ordinary cell with identical thickness. Furthermore, we have
demonstrated a simple method to fabricate an encrypted signal
generation device based on the generated excellent CPL of N*LC as
the input signal. Consideration of rich readable information
contained in CPL and exploring novel chiroptical materials will
provide important insights into the practical applications in the
field of data storage and transmission.
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