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Electrically Tunable Chiral Ferroelectric Nematic Liquid
Crystal Reüectors

Md Sakhawat Hossain Himel, Kelum Perera, Alex Adaka, Parikshit Guragain,

Robert J. Twieg, S. Sprunt, James T. Gleeson, and Antal Jákli*

Manipulating light is an important area of optical research and development.

To that end, tunable dichroic devices in which the reüectivity at differing

wavelengths can be adjusted, are particularly valuable. This work is motivated

by recent studies of the optical properties of chiral ferroelectric nematic liquid

crystals (FNLCs). Here electro-optical studies are presented on two room

temperature, FNLC materials that demonstrate electrically tunable reüectivity

when subject to a ûeld below 0.2 V µm−1. Moreover, under appropriate

conditions, the reüectivity can also be electrically (and reversibly) tuned

(without change of color) from 0% to 40%. Reversible, low voltage tunable

mirrors, having miniscule power consumption and operable around ambient

temperature are expected to be useful in diverse applications ranging from

energy-saving, smart windows to virtual reality interfaces.

1. Introduction

Controlling transmission and reüection of light is one of the
most important branches of current research with potential ap-
plications as diverse as energy-saving smart windows[1,2] to aug-
mented reality display devices.[3] One of the best-known ma-
terials capable of selective reüection of light is chiral nematic
(also known as cholesteric) liquid crystals.[4] Cholesteric liquid
crystals (CLCs) can form when elongated molecules capable of
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forming a nematic LC phase are doped with
chiral additives. In the CLC phase, the cen-
ter ofmasses of themolecules are randomly
distributed in space. However, these mate-
rials are optically anisotropic, and the di-
rection of their optical axis, a unit vector
called the director, (n̂), follows a helix. The
helical pitch, p, is typically inversely pro-
portional to the concentration of the chiral
dopant. With the correct pitch, the material
can exhibit a photonic bandgap, Δÿ = (ne
− no)p in the visible range, which is cen-
tered at a wavelength ÿ = n̄ ⋅ p. ne, no and
n̄ are the extraordinary, ordinary and aver-
age refractive indices, respectively. Since p
typically depends on temperature, CLCs can
be used as temperature sensors.[5,6] The he-
lical structure is also sensitive to external

electric and magnetic ûelds. In particular, the pitch normally in-
creases with the ûeld having a direction perpendicular to the heli-
cal axis, as predicted.[4,7] If either the electric ûeld or themagnetic
ûeld is strong enough, the helix can unwind completely, result-
ing in a uniform optical axis conûguration. These phenomena
were demonstrated experimentally byMeyer inmagnetic ûelds[7]

and Kahn in electric ûelds.[8] However, when the CLC is conûned
between surfaces that have been treated to promote the director
alignment, the surface interaction is usually sufficiently strong
that the external ûeld necessary to unwind the helix is not practi-
cally achievable. In this case, even though the structure becomes
deformed from a perfect helix, the pitch remains unchanged. For
electric ûelds, this typically occurs for ûelds above 1 V μm−1.[9–12]

Signiûcant improvements in low electric ûeld tuning of chiral
liquid crystals have been accelerated with the discovery of twist-
bend nematic liquid crystals.[13,14] These materials, when doped
with a chiral additive, form an oblique helicoidal phase at tem-
peratures above the twist-bend phase transition. The heliconical
pitch, and hence the reüection band of these materials can be
tuned in E ûelds below 1 V μm−1, so that the reüectivity shifts
toward a shorter wavelength with increasing E.[15,16]

A more recent breakthrough was made possible after the
discovery of the ferroelectric nematic liquid crystal (FNLC)
phase.[17–22] This state exhibits macroscopic net electric dipole
moment, (i.e., is spontaneously polarized) in zero external elec-
tric ûeld, yet still possesses only orientational order. The spon-

taneous polarization, P⃗, (in all materials thus far reported)
is parallel to the optic axis. This phase has drawn great in-
terest over the past few years not only due to promising

Adv. Funct. Mater. 2024, 2413674 2413674 (1 of 8) © 2024 The Author(s). Advanced Functional Materials published by Wiley-VCH GmbH



www.advancedsciencenews.com www.afm-journal.de

electro-optical properties[23,19] but also because FNLCs exhibit
various instabilities,[24–26] form freestanding ûlaments,[27–29] and
also show remarkable electromechanical responses.[30]

Recently also chiral ferroelectric nematic liquid crystals have
drawn attention due to their[31–36] polar photonic properties. The
director and accompanying polarization ûeld in these materi-

als spontaneously twist into a helical structure, P⃗(z). Such po-
lar helical structures were recently reported with two FNLC com-
pounds: RM734[18] andDIO.[17] Theseweremodiûed either by in-
troducing a chiral center into the molecular structure[31,35] or us-
ing a chiral additive.[32,33] In contrast to the non-polar cholesteric
phase, where due to the head-tail symmetry of the molecules
the helical period corresponds to a ÿ turn of the director, in the
polar case the period doubles to a full 2ÿ turn of the polariza-
tion ûeld. However, the optical bandgap is still determined by a
ÿ rotation of the director, leading (as in nonpolar cholesterics)
to selective reüection of normally incident light at wavelength
ÿ = n̄ ⋅ p.
Recently, it was found that the peak reüectivity of RM734

containing low concentrations of the chiral dopant BDH1281
can be reversibly tuned over Δÿ ≈ 150 nm by E ≤ 0.1V μm−1

applied perpendicular to the helical axis.[33] This shift toward
the red, caused by an in-plane ûeld, was explained as a rota-
tion of the director at the substrates to compensate for the in-
crease of twist elastic energy in the regions where the molec-
ular orientation changes rapidly.[33] This result was conûrmed
by Ortega et al.[34] and agrees with previous observations by
Nishikawa and Araoka.[32] In addition to the ÿ = n̄ ⋅ p reüection
peak, which is observable at zero ûeld, Ortega et al.[34] also ob-
served mth (1st and 3rd–6th) order optical bands under elec-
tric ûelds with ÿm =

2n̄⋅p

m
peak wavelengths. Note, with this no-

tation the zero ûeld reüection wavelength ÿ = n̄ ⋅ p corresponds
to second order band, ÿ2 =

2n̄⋅p

2
. These results were quantita-

tively explained using Berreman’s method,[34] revealing that chi-
ral FNLCs are electrically tunable multiple band-gap photonic
materials. These observations were made at temperatures well
above ambient; this hampers their suitability for technological
applications.
In this paper, we describe the electrical tuning of the reüectiv-

ity using mixtures that exhibit the FNLC phase at ambient tem-
perature. We show that the tuning of the ÿm =

2n̄⋅p

m
bands depend

strongly on both the frequency of the sinusoidal applied ûeld as
well as on the mixture composition. Importantly, while in gen-
eral, the reüectivity depends on the applied ûeld, in some cases
the broadband reüectivity can be tuned with no wavelength shift.

2. Experimental Section

Two mixtures that exhibit the FNLC phase at room tempera-
ture were used: KPA-02 and FNLC 919, and were selected as
starting materials. KPA-02 was a mixture containing 60 wt.%
of a newly synthesized, ferroelectric nematic liquid crystal com-
pound, RT12155, and 40 wt.% of a commercially available ne-
matic liquid crystal preparation, HTG-135200-100 (clearing point
Tc = 97 °C) fromHCCH. Themolecular structure and synthetic
route for RT12155, together with its calorimetry data are pre-
sented in the Supporting Information.
On cooling, KPA-02 has an isotropic to FNLC phase tran-

sition at 47 °C. The ferroelectric phase is stable below room

Figure 1. Schematic of the liquid crystal cell and the experimental setup for
the electrically tunable reüectivity measurements of the room temperature
ferroelectric nematic liquid crystal mixtures doped with chiral dopants. A
combination of function generators and ampliûers was used to apply the
voltages between in-plane Indium TinOxide (ITO) electrodes separated by
L = 1 mm electrode gap. An OceanOptics HR2000+ spectrophotometer
and a Tungsten-Halogen light source were used tomeasure the reüectivity.
The reüection spectra have been collected by a computer connected to the
spectrophotometer.

temperature. FNLC-919 has two nematic phases N1 and
N2 above the NF phase with the phase sequence
I 80 °C N1 44 °C N2 32 °C NF 8 °C Cr on cooling. The bire-
fringence of FNLC 919 at room temperature was reported[37] to
be Δn ≈ 0.22 at 550 nm. The ferroelectric polarization of pure
FNLC-919 is 0.047 C

m2
at 25 °C.[30] The spontaneous polarization

of KPA-02 was measured to be 0.044 C

m2
at 33 °C (Figure S9,

Supporting Information). To induce chirality, a commercially
available chiral dopant, BDH1281 (molecular structure is shown
in Figure S8, Supporting Information), having nominal helical
twisting power HTP ≈ 100 μm−1 was used. Three chiral mix-
tures of KPA-02 were studied with 3.2, 2.5, and 2 wt.% BDH1281
concentration, and one mixture of FNLC-919 with 2.5 wt.%
BDH1281 concentration. All formulations exhibited wavelength-
dependent reüectivity in the visible range. The pitches for the
3.2, 2.5, and 2 wt.% KPA 02+ BDH1281 blends were 0.29, 0.38,
and 0.46 μm, respectively. The pitch for the 2.5 wt.% FNLC919
+BDH1281 blend was 0.37 μm.
Liquid crystal sandwich cells were prepared. These comprised

two parallel glass plates to conûne the LC; the plates were sep-
arated by d ≈ 30 μm spacers. The surface of one plate has two
electrically conducting strips (electrodes) that were parallel and
separated by L = 1 mm gap. Since d ≪ L, applying a potential
difference between the electrodes yields an electric ûeld almost
entirely in the plane of the LC layer. An alignment layer (rubbed
polyimide PI-2555) was deposited on both plates. The direction of
rubbing was perpendicular to the electrodes (and hence parallel
to the applied electric ûeld). A schematic of the liquid crystal cell
and the experimental setup for the optical measurements under
various electric ûelds are shown in Figure 1.
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Figure 2. Electric ûeld dependences of the reüection spectra of KPA-02 mixtures with 3.2%, 2.0%, and 2.5% BDH 1281chiral dopant concentrations.
a) A mixture with 3.2% chiral dopant concentration under DC electric ûelds. Insets show microscopic textures in reüection at 4 different ûelds. b) The
same mixture as in (a) under 100 Hz sinusoidal electric ûelds. Insets show microscopy textures in reüection at zero and 0.2 V/μm ûelds. c) A mixture
with 2.0% chiral dopant under DC electric ûelds, showing 3 harmonics at each spectrum. d) A mixture with 2.5% chiral dopant under 100 Hz sinusoidal
electric ûelds.

For applying the electric ûeld, an HP 33120A function gener-
ator, and an FLC F20AD ampliûer were used. All AC ûeld val-
ues indicated below correspond to peak values (amplitude of the
sinusoidal ûeld). For the textural observations, the sample cells
were placed in an Instec HS2000 heat stage and then viewed with
an Olympus BX60 polarizing optical microscope. The reüectivity,
R(ÿ), was obtained using an OceanOptics VIS–IR spectropho-
tometer. The experimental protocol was to measure R as a func-
tion of the frequency and/or the amplitude of the potential differ-
ence.

3. Results

The electric ûeld dependence of the reüection spectra (after sub-
tracting the reüectivity of the empty cell) of KPA-02mixtures with
various chiral dopant concentrations is shown in Figure 2.
Figure 2a shows the spectra for a 3.2% chiral dopant concen-

tration under DC electric ûeld. At zero ûeld the reüectivity max-

imum is 37% at 470 nm wavelength. The reüectivity decreases
upon increasing DC ûeld becoming only 6% at 0.027 V μm−1

ûeld and immeasurable at 0.03 V μm−1. In addition, the shape of
the reüectivity curve evolves as the ûeld increases; speciûcally, the
reüectivity peak increases to 580 nm at 0.027 V μm−1. This causes
a change in the ûlm’s apparent color (under white illumination)
as can be seen in microscope images (inset in Figure 2a) for 0,
0.023, 0.027, and 0.03 V μm−1 ûelds. This response is similar
to that found by Feng et al.[33] in RM734 at elevated temperatures
doped with the same chiral agent. Thus, the behavior at DC exci-
tation agrees with published work.
For sinusoidal excitation, even at relatively low frequency, the

results are notably different. Figure 2b shows the reüection spec-
tra measured in the same mixture as in Figure 2a, but under
100 Hz sinusoidal electric ûelds. With 100 Hz AC ûeld, and in
contrast to the RM734 + 2% BDH1281 blends,[33] the peak po-
sitions are basically constant; it is only the overall reüectivity
that decreases from 35% at zero ûeld to ≈4% under 0.20 V μm−1
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Figure 3. Wavelength and time dependences of the reüectivity for FNLC 919 NF mixture doped with 2.5% BDH 1281. a) Reüection spectra measured
under 0 − 0.17 V μm−1 DC electric ûelds. Insets show microscopy pictures taken in reüection at 0 and 0.17 V/μm ûelds. b) Reüection spectra measured
under 0 − 0.10 V μm−1 100 Hz sinusoidal electric ûelds. Insets show microscopic pictures taken in reüection at 0 − 0.08 V μm−1 ûelds. c) Reüection
spectra measured under 0 − 0.10 V μm−1 200 Hz sinusoidal electric ûelds. d) Reüection spectra in 0−18 h time interval after 0.16 V μm−1 DC voltage
was turned off at t = 0.

ûeld (at the peak wavelength). The insets show that the reüection
color changes from blue to black (corresponding to no reüection).
Such an electrically-switchable reüectivity without color change
can have various applications, but it is unexpected in view of
the previous results obtained on high-temperature chiral FNLC
materials[31–35] and will be discussed later.
In addition to the nature of the electric ûeld, the dopant con-

centration (and thus presumably the helical pitch) also qualita-
tively affects the reüectivity. Figure 2c 2.0% chiral dopant in KPA-
02 subject to DC electric ûelds. The strongest reüection peak
(ÿ2 = n̄p) occurs at 750 nm. Additional peaks are observed at 1/3
and 1/4 of this value at ÿ3 ≈ 490 nm and ÿ4 ≈ 420 nm. For the
KPA-02 / 3.2% BDH 1281 blend, these additional peaks would
not be detectable with our present instrumentation. The ampli-
tudes of these peaks increase with increasing ûeld, as reported
by Nishikawa and Araoka[32] and Ortega et al.[34] Figure 2d shows
the reüection spectra of a ûlm with 2.5% dopant concentration
under a 100 Hz sinusoidal electric ûeld. The difference in the
wavelength of the maximum reüectivity shown in Figure 2b–d

is in accordance with their pitch values p and the average refrac-
tive index (n̄ ≈ 1.6) of the blends corresponding to ÿ2(3.2%) ≈

290 nm × 1.6 ≈ 464 nm and ÿ2(2.5%) ≈ 380 nm × 1.6 ≈ 608 nm
peak wavelengths. Similar to Figure 2b, the principal reüection
wavelength only slightly varies with ûeld. Similar to the cases in
Figure 2a–c, the peak reüectivity decreases from ≈37% to less
than 5% on increasing the ûeld from E = 0 to 0.065 V μm−1.
Figure 3 summarizes the reüectivity response of a 30 μm

thick, planar aligned ûlm composed of FNLC-919 doped with
2.5% BDH 1281. Figure 3a shows reüectivity measured sub-
ject to DC electric ûeld varying from 0.00 to 0.17 V μm−1. Sim-
ilar to Figure 2b, the peak reüectivity is almost independent
of the electric ûeld. The reüection microscopy images at 0.00
and 0.17 V μm−1 ûelds are shown in the inset; these reveal how
the layer switched between green-reüecting and non-reüecting
states. Figure 3b shows reüectivity measured subject to electric
ûelds varying from 0.00 to 0.17 V μm−1, but at 100 Hz, sinu-
soidal oscillation. The behavior is similar to KPA-02 with both
3.2% and 2%dopant concentrations underDCûelds. Insets show
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Figure 4. Electric and time dependences of the reüected wavelengths and reüectivities, and temperature dependences of the reüected colors of KPA-02
doped with 3.2% BDH 1281. a) DC and 100 Hz ûeld dependences of the reüected wavelength for KPA-02 doped with 3.2% BDH 1281 and for FNLC
919 doped with 2.5% BDH 1281, respectively. b) Comparison of DC and 100 Hz AC electric ûeld dependences of the reüectivity for KPA-02 doped with

3.2% BDH 1281, and for FNLC 919 doped with 2.5% BDH 1281. Data points were ûtted by R(E) = a%

1+b⋅Ec
functions. Best ût parameters are a = 37, 42,

34 and 38; b = 1.1 · 1011, 1.3 · 107, 1041 and 3.7 · 104; c = 6.7, 6.0, 4.95 and 3.18 for 3.2% CD KPA-02, at DC; 2.5% CD FNLC 919 at DC; 3.2% CD
KPA-02, at 100 Hz and 2.5% CD FNLC 919 at 100 Hz systems. c) Time dependence of the peak value of the reüectivity. Main pane: 2.5% CD FNLC 919
blend in 0 − 60 min time interval. Larger inset: 3.2% CD KPA-02 blend in 0 − 25 min time interval. Smaller inset: Time dependence of the reüectivity
for the 3.2% CD KPA-02 blend under 3 Hz, 0.01 V/μm square wave ûeld. d) Reüected colors of KPA-02 doped with 3.2% of BDH 1281 at 25, 30, 35, and
40 °C.

reüection microscopy images at 0 − 0.08 V μm−1 AC ûelds. The
observed frequency dependence in chiral FNLC-919 samples con-
trasts sharply with that found in the doped KPA-02 samples,
where the wavelength variation was absent under the AC ûeld
and present in DC ûelds. Figure 3c shows reüection spectra mea-
sured under 0−0.10 V μm−1 200 Hz sinusoidal electric ûelds.
Compared to the observations at 100 Hz, one can see that the
wavelength tuning range decreased by ≈30 nm (≈25%), while
the reüection tuning range decreased by ≈36%. Figure 3d shows
the reüection spectra several times in the 0−18 h interval after
0.16 V μm−1 DC voltage was turned off.
The DC and 100 Hz ûeld dependences of the reüectivity peak

for KPA-02with 3.2% dopant and for FNLC 919with 2.5% dopant
concentrations, respectively, are compared in Figure 4a. In both
cases, at low ûelds the wavelength increases slowly; the increase
becomes greater as ûelds exceed E ≈ 0.01 V μm−1 (DC) for the
3.2% doped KPA-02 and at E ≈ 0.05 V μm−1 (100 Hz AC) for the
2.5% doped FNLC 919. For the FNLC 919 mixture, the ûeld de-
pendence saturates above ≈ 0.08 V μm−1, which is similar to the
behavior observed for the chiral RM734 system.[33] In the KPA-
02 mixture, the reüectivity drops sharply so that saturation is not
observed. The DC and 100 Hz electric ûeld dependences of the
reüectivity for the 3.2% doped KPA-02, and the 2.5% doped FNLC
919, blends are shown in Figure 4b. At low ûelds, there is no

change with the electric ûeld, and then the reüectivity decreases
rapidly, with the curve üattening when the reüectivity drops to
≈10%. This behavior could be ûtted by an empirical function:
R(E) = a%

1+b⋅Ec
with best ût parameters noted in the caption. The

construction of the empirical R(E) is motivated by the notion that
the reüectivity starts decreasing when the electric torque over-

comes the elastic torque ≈ K( 2ÿ
p
)
2
that corresponds to the con-

stant in the denominator. The electric torque that comes mainly
from the ferroelectric polarization, is represented by a b · Ec func-
tion. As the director is either parallel or perpendicular to the po-
larization, it is mainly governed by the director üuctuation. We
note that the ût is relatively weak when the reüectivity starts to
drop rapidly. This indicates that the parameter b itself has some
ûeld dependence.
While the reüectivity drops to almost zero within 1 s when the

ûeld is switched on to its corresponding maximum value, the
relaxation to the original reüectivity values takes much longer
time as shown in Figure 4c for 2.5% doped FNLC 919 blend
60 min after the ûeld drops to zero. The decay is adequately de-
scribed by a sum of two exponential decays, one fast and one
slow: R(t) = 25.5%(1 − exp (− t/ÿ fast) + 13.9%(1 − exp (− t/ÿslow)
+ 2.22%, where we ûnd ÿ fast ≈1 min, ÿslow ≈ 120 min. Due
to this longer relaxation process, it took ≈18 h for the original
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reüectivity to recover fully. For the KPA-02 the reüectivity al-
ready increased to 10% within the ûrst minute. From that point,
the behavior is well-described with a single exponential R(t) =
27.0%(1 − exp(−t∕ÿslow)) + 10%,where ÿslow ≈ 10 min is 12 times
smaller than observed in FNLC 919. Since a faster relaxation was
not observed with this measurement protocol, we opted to ûnd
R using a low-frequency (3 Hz), 0.01 V μm−1 square wave. This
behavior is shown in the smaller inset and shows that during the
sign inversion (when the applied ûeld goes over to zero ûeld),
the reüectivity increases to almost 10% indicating ÿ fast ≈ 30 ms.
We note that the percentages of the fast and slow decays were
determined from the best ûts where these percentages were ût
parameters. The fast percentages determined from the best ûts
correspond well with the percentages where the slopes of the
curves decrease considerably, indicating that the ûts are reason-
ably good.
The colors reüected most strongly depend not only on the

electric ûeld but also on the FLC temperature. This is shown in
Figure 4d, for the 3.2% doped KPA-02mixture; the apparent color
(with white illumination) changes from blue at 25 °C to red at
40 °C. Such behavior indicates increasing helical pitch on heat-
ing, which is opposite to the trend observed for the chiral RM734
system by Feng et al.[33]

4. Discussion

In this paper, we have studied two room temperature, chiral
doped, ferroelectric nematic liquid crystal mixtures and demon-
strated that the wavelength-dependent reüectivity, R(ÿ), can be
tuned by adjusting the amplitude and/or the frequency of an ap-
plied electric ûeld, or the FNLC temperature. Interestingly, for
KPA-02 using a DC ûeld, both the overall reüectivity as well as
its peak wavelength could be tuned simultaneously. In distinc-
tion, for FNLC 919 the peak wavelength does not change. On the
other hand, at frequencies above 100 Hz, the peak wavelength
is tunable for FNLC 919, but not for KPA-02. The tuning of the
reüection color was previously demonstrated and explained,[33,34]

however the electric ûeld dependence of the reüection amplitude
was noted and explained only for the ÿ1 = 2n̄ ⋅ p and the ÿ3 =

2n̄⋅p

3
peaks.[32] Although Feng et al.[33] showed that the amplitude of
the ÿ2 = n̄ ⋅ p peak decreases while the peak location increases,
they did not suggest a mechanism for this. Moreover, variation of
the overall reüectivity without change in peak wavelength has not
been previously reported. In the following, we propose a qualita-
tive explanation of the ûeld-induced tuning of the reüection am-
plitude and also attempt to explain why the twomaterials studied
behave oppositely with DC versus AC applied ûeld.

4.1. Reüectivity Tuning

The tuning of the reüection amplitude without changing the re-
üected color requires deformation of the zero-ûeld helical polar-
ization P(z)= Pocos(2ÿz/po) (see Figure 5a for E = 0). As the elec-
tric ûeld along x increases, the fraction of polarization oriented in
the +x direction increases and the fraction in the -x direction de-
creases without changing the periodicity. At increasing ûelds, this
trends toward a periodic squared pulse function (see Figure 5a)

for E > 0) described as P(z) = {
P |z| < l

−P l < |z| < po∕2
. The am-

plitudes am of the mth Fourier peaks of such periodic structure

become am =
1

po

l

∫
0
e−j2ÿz∕podz =

sin( ÿml

po
)

mÿ
. These amplitudes indeed

decrease for decreasing l < po/2, in accordance with the observed
decrease in the intensity of the selective reüection at increasing
electric ûelds. This may explain the electric ûeld-induced tuning
of the reüection amplitude observed at 100 Hz for the chiral KPA-
02 and at DC for chiral FNLC 919 blends.
The reüectivity tuningwithout change in peakwavelength hap-

pens in frequency-dependent ûelds where the azimuthal surface
anchoring is stronger than the ferroelectric torque. Neglecting
the dielectric torque, the torque due to the applied ûeld is the fer-
roelectric torque ΓFE = P · E · sinÿ, where ÿ is the angle between
the polarization and the electric ûeld. This is balanced by the twist

elastic torque, Γt = K22
d2ÿ

dz2
and the viscous torque Γv = −ÿ1

dÿ

dt
,

where K22 is the twist elastic constant and ÿ1 is the rotational vis-
cosity, leading to the equation,

P ⋅ E ⋅ sinÿ + K22

d2ÿ

dz2
− ÿ1

dÿ

dt
= 0 (1)

Equation (1) was analytically solved for deformed helix ferro-
electric smectic liquid crystals,[38] for AC electric ûelds well be-
low the unwinding ûeld Eu =

K22
p2oP

, and the spatial dependence of

ÿ was found to be

ÿ (z) =
2ÿz

po
+

PEp2
o

4ÿ2K22

(
1 +

(
f ∕fc

)2)

(
cos

(
2ÿft

)
+ f ∕fc

)
sin

(
2ÿft)

)
sin

(
2ÿz

po

)
(2)

where fc =
2ÿK22
ÿ1p

2
o

is the critical frequency. According to Equa-

tion (2), at a constant electric ûeld, the amplitude of the deforma-

tion (reüectivity) decreases as
PEp2o

4K22ÿ
2(1+(f ∕fc )

2)
. This is comparable

with the observed decrease of the variation of the reüectivity be-
tween DC and 100 Hz for KPA-02 (see Figure 2a,b) and between
DC and 200 Hz (Figure 3a–c) for FNLC 919. Note, the critical fre-
quency for K22 ≈ 3 pN, ÿ1 ≈ 1 Pas and po ≈ 0.4 μm, which are
reasonable values for our studied materials, provide fc ≈ 100 Hz
for the critical frequency, which is comparable with our observa-
tions.
After switching the ûeld off, we found 2 timescales for the re-

üectivity to return to its original value: the majority of the reüec-
tivity recovered quickly, while the remainder occurred on time
scales two orders of magnitude longer. We attribute the fast re-
laxation to the relaxation of the twist deformation with a recovery

time ÿfast ≈
ÿ1p

2
o

4ÿ2K22
. For KPA-02 we found ÿ fast ≈ 30 ms, which is

≈20 times smaller than what we observed for FNLC 919. As the
pitches are similar, and assuming similar K22 values, this indi-
cates a much higher rotational viscosity for FNLC 919 than for
KPA-02. The slow relaxations are likely due to defect annihila-
tions that are indicated by slow textural changes.
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Figure 5. Illustration of the director and polarization ûeld in in-plane electric ûelds. a) Qualitatively expected deformation when the azimuthal anchoring
is assumed to be strong, leading only to the variation of the reüectance. b) Qualitatively expected deformation when the azimuthal anchoring is weak,
leading to rotation of the director at the surface and causing the variation of the reüected wavelength, ÿ2 = n̄ ⋅ p.

4.2. Color Tuning

According to our observations, the shift of reüectivity peaks at
ÿ2 = n̄ ⋅ p is always accompanied by tuning of overall reüectiv-
ity. As proposed in prior work,[33] the ÿ2 tuning requires az-
imuthal rotation of the director at the boundaries, as illustrated
in Figure 5b for E > 0. Assuming the dielectric torque can be
neglected with respect to the ferroelectric one, the director rota-
tion on the surface occurs when the ferroelectric energy per unit

area, |P⃗| ⋅ |E⃗| ⋅ ÿ, where ÿ =

√
K22
P⋅E

is the electric coherence dis-

tance, overcomes the azimuthal anchoring energy per unit area
Wa. This torque competes the azimuthal anchoring energy per
unit area Wa, leading to the equation for the threshold electric

ûeld for director rotation
√
K22PEth = Wa, giving that Eth =

W2
a

K22P
.

With typical values Wa ≈ 3 ⋅ 10−5
J

m2
, K22 ≈ 3 pN and P ≈ 4 ·

10−2 C m−2, we get Eth ≈ 10−2 V μm−1, which is comparable to
the threshold for the ÿ2-tuning observed for the KPA-02 under
DC ûeld (see Figure 4a) and a few times smaller than observed
for the FNLC 919 at 100 Hz.
In contrast to the reüectivity tuning which does not require ro-

tation of the director at the surfaces, the wavelength tuning does
require it. The necessary conditions of the director rotation at the
surfaces are: i) the ferroelectric torque should overcome the an-

choring strength, and ii) the frequency of the AC ûeld should
be low enough. The second condition is governed by the surface
viscosity: the lower it is, the higher the frequency where the wave-
length tuning can be observed. For the KPA 02 at 100 Hz we al-
ready do not observe the wavelength tuning, while for the FNLC
919 we can observe it even at 200 Hz (although to at less extent
than for 100Hz). This indicates that the surface viscosity is larger
for KPA 02. Considering the slightly stronger wavelength tun-
ings of the 2.5% blend than of the 3.2% blend, we propose that
the surface viscosity may slightly increase with the chiral dopant
concentration.
While the observation that both the reüectivity and the reüec-

tion wavelength can be tuned with electric ûelds is characteristic
of all studied materials and likely are general properties of chi-
ral ferroelectric materials, the dynamics of the tuning seem to
depend strongly on the individual material properties. The oppo-
site behavior of the KPA 02 and FNLC 919 under DC ûeld, i.e.,
large wavelength tuning of the KPA 02 blends and the lack of ÿ2
shift for FNLC 919 at DC ûelds up to E = 0.17 V μm−1 ûeld (see
Figure 3a) is our most surprising observation. We hypothesize
that it might be related to the difference between the static and
dynamic frictions that govern the rotation of the LC molecules
at the surface under DC and AC ûelds. Perhaps the static fric-
tion for FNLC 919 is much larger than that of KPA 02, while the
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dynamic surface viscosity of FNLC 919 is smaller than that of
KPA 02.
To summarize, we have demonstrated how both overall re-

üectivity, as well as its peak wavelength, can be adjusted using
two room temperature chiral, ferroelectric nematic liquid crys-
tals. This can be accomplished by less than 0.2 V μm−1 external
electric ûelds. While the peak wavelength shift is always accom-
panied by the variation of the overall reüectivity, under appro-
priate conditions the overall reüectivity could be reversibly var-
ied between 0% and 40% without a shift in the peak wavelength.
Electrically switchable reüection devices will be valuable in appli-
cations as varied as alternate reality/virtual reality applications to
smart architectural windows. Lastly, we note that these devices
can be made polarization-independent simply by stacking two
devices that are identical except for having opposite handedness
chirality.
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