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Morphology-dependent chiroptical switching in intrinsically chiral gold nanorods encapsulated with
polyaniline
Xiaolu Zhuo*, Shengyan Wang
The Chinese University of Hong Kong, Shenzhen

Exploring switching strategies for intrinsically chiral plasmonic nanoparticles is crucial for unlocking their
potential in dynamic manipulation of light polarization states. Conjugated polymers, such as polyaniline (PANI),
represent highly promising material candidates for this pursuit, owing to their unique combination of intrinsic
structural flexibility, tunable optical characteristics, and multi-stimuli responsiveness. Herein, we demonstrate that
chiroptical switching on PANI-encapsulated chiral gold nanorods (CAuUNRS) by controlling proton doping of PANI,
and reveal that the morphology of PANI within the nanogaps of cAuNRs results in abnormal spectral shifting
which is in contrast with those in previous studies. Moreover, we elucidate that the near-infrared absorption of
doped PANI reduces the chiroptical response intensity, leading to splitting in their circular dichroism (CD) spectra.
Our study provides valuable insights into the interaction between conjugated polymers and chiral plasmonic
nanoparticles, paving the way for the development of nanoscale chiroptical switches for on-chip devices.
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Monolayer montmorillonite-based liquid crystal and its electro-birefringence response for
electrochromism
Shengkai Chang, Jiarong Liu, Jiayu Chen, Yunhao Zhang, Zhongyue Wang, Ziyang Huang, Bilu Liu*
Tsinghua Shenzhen International Graduate School

Clays, pivotal in human civilization for millennia, are re-emerging as promising candidates in applications
such as liquid crystals (LCs) after two-dimensional (2D) delamination. However, the scalable exfoliation of
monolayer clays with high geometrical anisotropy remains challenging, hindering fundamental investigations and
applications of 2D clay LCs. Here, we develop a cation exchange capacity (CEC) controlled exfoliation to achieve
monolayer production of montmorillonite (MMT), a typical aluminosilicate clay. The optimized exchange ratios
based on the CEC of MMT enable stepwise swelling and delamination, thus achieving 2D MMT with a
record-high aspect ratio of ~600. Then, we observe lyotropic liquid crystalline behavior in 2D MMT and discover
its electro-birefringence Kerr effect with a high sensitivity of ~1.0<10° m V2. By leveraging the interference
from electro-birefringence, we demonstrate electrochromic devices capable of reversible electro-optical switching
and dynamic coloration. This work provides an effective strategy to prepare monolayer clays and bridges natural
resources with novel 2D LCs, advancing sustainable materials in smart optics and beyond.
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High-throughput printing of customized structural-color graphics with circularly polarized refection
and mechanochromic response
Ran Bi, Ling Wang*
Tianjin University

Arbitrary patterning of chiral structural-color materials on various substrate in a robust, scalable, and
customized way is of paramount importance for smart camouflage, wearable displays, and flexible electronics.
Here, we report a general strategy for high-throughput printing of chiral structural-color graphics with high
brightness and color saturation on diverse target substrates. Importantly, evaporation-induced self-assembly
dynamics of the CLC inks are facilely printed onto highly stretchable elastomeric films. Mechanochromic
photonic patterns printed on stretchable electronic textiles provide an avenue for the development of interactively
stretchable electronics that can adaptively visualize and sense mechanical stimuli via optical and electrical dual
signal feedback.

24



R E AR K 2 2025 DO4. )3 v Th e Akt

BEN RPN TSNS 4R
WA, T
REERF
IBENTCAAE . BEIIUR B R AZ I, K B S, it B AR L, #RRILH AMEIE 3 fE

MIZENE AN S 5. ZREWARE R, JPR T #XEFERINTNUA . 145800 A LA RE LS B
BB AL AR RE, I ELXE LA B AL A I BBl 2 8] (R LI B Bt 45 10k, JRATIGEH 1 BAR AL TSR
KA S RS R TBAZ T S SR A LU A SR h 25 3 vt i e o) g B A SR AR R
IRERIET 4, B Dl S SI BA E EA D [FI RO AT R, 5 8 e g SR 1] P P B ST Z T 4R PR )
BHN S KB — R T RE .

Free-Standing Bacterial Cellulose-Templated Radiative Cooling Liquid Crystal Films with Self-
Adaptive Solar Transmittance Modulation
Zhilong Cao, Ling Wang*
Tianjin University

Passive radiative coolingmaterials can efficiently reflect solar radiation and spontaneously dissipate heat
through the long-wave infrared (LWIR) transmission window to the coldouter space. They are highly attractive for
application in walls and roofs of sustainable energy-efficient buildings, but it is a challenging task to develop
switchable radiative coolers for transparent windows. Herein, we report free-standing bacterial
cellulose-templated radiative cooling liquid crystal films with high LWIR emissivity and self-adaptive solar
transmittance. Biosynthetic silanized bacterial cellulose with 3D interconnected porous nanostructure is harnessed
asa robust template for confining novel liquid crystals with smectic A to chiral nematic phase transition, thereby
endowing the film with high solar transmittance modulation ability. The resulting film is found to not only exhibit
a remarkable LWIR emissivity, but also adaptively change its solar transmittance between a transparent state and
an opaque state according to environmental temperature variation. Outdoor radiative cooling experiments were
performed, and the energy-saving performance was evaluated through a simulation of a 12-story reference office
building with the films applied as radiative cooling windows. This research can shine light on the development of
advanced radiative cooling materials with switchable transmittance and their widespread applications in buildings,
vehicles, and transparent photovoltaics.
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Endowing perovskite quantum dots (PQDs) with circularly polarized luminescence (CPL) offers great
promise for innovative chiroptical applications, but the existing strategies are inefficient in acquiring
stimuli-responsive flexible chiral perovskite films with large, tunable dissymmetry factor (gim) and long-term
stability. Here, we report a strategy for the design and synthesis of luminescent cholesteric liquid crystal elastomer
(Lumin-CLCE) films with mechanically tunable CPL, which is enabled by liquid crystaltemplated chiral
self-assembly and in situ covalent cross-linking of judiciously designed photopolymerizable CsPbX; (X = Cl, Br, I)
PQD nanomonomers into the elastic polymer networks. The resulting Lumin-CLCE films showcase circularly
polarized structural color in natural light and noticeable CPL with a maximum glum value up to 1.5 under UV
light. The manipulation of CPL intensity and rotation direction is achieved by controlling the self-assembled
helicoidal nanostructure and the handedness of soft helices. A significant breakthrough lies in the achievement of
a reversible, mechanically tunable perovskite-based CPL switch activated by biaxial stretching, which enables
flexible, dynamic anti-counterfeiting labels capable of decrypting preset information in specific polarization states.
This work can provide new insights for the development of advanced chiral perovskite materials and their
emerging applications in information encryption, flexible 3D displays and beyond.
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Shape-morphing batteries that can reconfigure their shape to adapt to different tasks are highly desirable for
emerging soft electronics in diverse fields. However, it is a challenging task to develop advanced shape-morphing
batteries with on-demand programmability and adaptive responsiveness. Here, 4D-printed programmable
shape-morphing batteries by sequentially direct-ink-writing of shape-programmable liquid crystal elastomers
(LCEs) and in-situ covalent crosslinked flexible zinc-ion microbatteries, where tough covalent bonding is built at
the interface, are reported. The resulting shape-morphing batteries exhibit controllable, reversible, and
programmable shape-morphing by controlling sophisticated molecular alignment of LCEs, which enables them to
adaptively alter configurations to accommodate different functionalities. Importantly, diverse origami batteries
with excellent spatiotemporal controllability are demonstrated by precisely designing active hinges to achieve
adaptive transformations from folded to deployed configurations. The programmable shape-morphing
mechanisms of the batteries are revealed by finite element analyses. As a proof-of-concept illustration, adaptive
shape-morphing battery systems capable of interactive communication and controllable sensing are developed
through the incorporation of an elaborate all-MXene-printed near-field-communication antenna, which can
adaptively tune its deployment configuration according to variations in environmental humidity or dust content.
This work brings new insights for the development of next-generation shape-morphing power sources,

human-machine interactive electronics, and swarm intelligence.

4D printing of carbon-fiber-reinforced liquid crystal elastomers for self-deployable solar panels
Xing Li, Ling Wang*
Tianjin University

Deployable structures that can be switched from a folded state to a predetermined or desired configuration
are of paramount significance for diverse technological applications, which require the development of advanced
smart actuation materials with high mechanical strength and programmable shape-morphing ability. Herein, we
present a short-carbon-fiber-reinforced liquid crystal elastomer (SCF-LCE) fabricated via 4D printing, which not
only demonstrates enhanced tensile strength(13.5MPa)andhighactuation strain (27%) but also exhibits adaptive
photoresponsive actuation. During the printing process, mesogens and SCF are oriented along the nozzle’s moving
direction by the extrusion shear force, enabling the formation of monodomain matrix materials. Importantly, the
incorporation of passive layers onto the SCF-LCE enables programmable deformations and self-deployable
structures. As a proof-ofthe-concept, the SCF-LCE bilayer actuator is integrated with solar panels for a
demonstration of self-adaptive solar panel unfolding system. The combination of enhanced mechanical properties
and large driving strain in this short-fiber reinforced LCE is an accessible and influential approach to designing
and fabricating LCE composites that may find potential applications in space deployable structures, soft robotics,
artificial muscles, and beyond.
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Direct Ink Writing of 3D Chiral Soft Photonic Crystals
Menglu Xin, Ling Wang*
Tianjin University

Blue phase liquid crystals (BPLCs) are regarded as self-organized 3D chiral soft photonic crystals with
iridescent, tunable, and circularly polarized structural colors. However, arbitrary patterning of BPLCs with
satisfactory microscopic self-assembly remains challenging. Here, the direct ink writing of 3D chiral soft photonic
crystals using BPLC precursor inks is reported. The dynamic evolution of a BPLC ink droplet cooling from an
isotropic state to a blue phase state is studied to prepare mono-domain BPLCs with high reflectivity. The diverse
macroscopic design of BPLC patterns can be obtained by printing the BPLC inks on different substrates, and
controlled self-assembly enables high color brightness, circularly polarized reflection, and sufficient thermal
stability after photo-polymerization. Interestingly, the angle-dependent optical properties of the printed lines and
faces are found to be different due to the 3D photonic nanostructures of BPLCs. The research disclosed here
provides unprecedented controllability in the fabrication of patterned 3D soft photonic crystals and extends their
applications in displays, optical devices, 3D optics, and photonics.

Direct-Ink-Written Shape-Programmable Micro-Supercapacitors with Electrothermal Liquid Crystal
Elastomers
Yaxin Li, Ling Wang*
Tianjin University
The growing demand for miniaturized energy storage devices in next generation renewable energy
applications faces constraints from conventional micro-energy storage systems with fixed geometries, which limit
their adaptability and functional integration in technological applications. Traditional fabrication methods, hinder
by their complexity and insufficient structural precision, struggle to integrate shape-programmable functionality
into compact energy storage devices for complex operating conditions. In this research, an innovative direct ink
writing-based (DIW-based) strategy is proposed to co-fabricate liquid crystal elastomers (LCEs) and
micro-supercapacitors (MSCs) into a unified electrically controlled, shape-programmable LCE-MSCs. The
LCE-MSC integration achieves robust electrochemical performance with charge storage capacity, excellent rate
and cycling stability performance. These LCE-MSCs demonstrate rapid, reversible deformation under low-voltage
stimulation while retaining stable energy storage performance. By modulating the printing patterns of LCE
filaments, diverse configurations of shape-programmable LCE-MSCs can be achieved. Furthermore, integration
with sensors enables adaptive devices capable of static object recognition and real-time humidity monitoring.
These results underscore the potential of shape-programmable MSCs with seamless power-actuation integration,
which can open new opportunity for diverse applications in adaptive robotics, wearable electronics, and
autonomous shape-programmable systems.
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Synergistic Multifunctionality: Actuation and Sensing Applications of Covalent Organic
Framework-Liquid Crystal Composites
Ru Liu*
University of Science and Technology Beijing

Covalent organic frameworks (COFs) exhibit designable multifunctionality, while liquid crystals possess
distinctive stimuli-responsive properties. This study pioneers the strategic integration of COFs with liquid crystal
systems (polymers/LCs), leveraging their complementary functions to develop advanced composites with
unprecedented actuation and sensing capabilities. These synergistic platforms demonstrate how molecular-level
hybridization overcomes intrinsic limitations of single-component materials.

In Part 1, a splayed thin film composed of porphyrin-based COF (POR-BHA COF) and LCP was designed to
achieve dynamic deformation modulation through the synergistic effects of NIR photothermal conversion and
solvent responsiveness. The POR-BHA COF acts as an efficient photothermal agent, enabling reversible bending
motions under NIR irradiation by inducing differential thermal expansion in the LCP film, with stable
performance maintained over 60 cycles. The Janus-structured film exhibits rapid curling in DCM vapor due to
asymmetric swelling, demonstrating exceptional responsiveness to multiple volatile solvents. Based on this
material, biomimetic flower devices (capable of light/solvent dual-triggered opening/closing with magenta
fluorescence emission), NIR-controlled switches, and intelligent grippers were developed, offering a novel
material platform for soft robotics.

In Part Il, a crown ether-based liquid crystal composite COF (OBHT-BTA COF) was constructed, where
LC-guided crystallization strategy significantly enhanced film crystallinity and humidity sensing performance.
The material exhibited a three-order-of-magnitude resistance variation across 11%-95% RH, with ultra-fast
response/recovery times of 1.95 s/4.45 s. Its solution processability enables cost-effective scalable fabrication,
successfully applied in high-precision real-time respiratory monitoring and non-contact password input systems.

Through molecular engineering, this work elucidates the structure-function relationships of COF-LC
composites, establishing new paradigms for intelligent actuators and ultrasensitive sensors. These advancements
propel the practical utilization of COF-based composites in flexible electronics and biomimetic robotics.
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In-situ characterization of dynamic electromechanical properties for PVC gel actuators
Jianjian Huang', Haokun Xiao, Xianrong Liang®, Mengmeng Wang*, Maoyuan Li?, Gang Jin**
1. National Engineering Research Center of Novel Equipment for Polymer Processing, South China University of Technology
2. School of Aerospace Engineering, Xiamen University

PVC gel actuators offer significant advantages, including low driving voltage, large deformation, and high
output force, demonstrating promising potential for applications in microlenses, assistive rehabilitation, and soft
robotics. However, a critical gap exists in the in-situ characterization and quantitative analysis of plasticizer
migration and charge transfer processes within PVVC gels. This limitation hinders a fundamental understanding of
the evolution mechanisms governing plasticizer concentration, mechanical properties, and electrical properties
within the anode-enriched layer. This study systematically investigates the plasticizer migration and charge
transfer dynamics in PVC gels using in-situ characterization techniques, quantitatively analyzing the variations in
plasticizer content, mechanical properties, and electrical performance. In-situ Raman spectroscopy reveals that
electrical stimulation drives the directional migration of plasticizer towards the anode. This migration process
requires a finite time to reach equilibrium, ultimately forming a plasticizer-enriched layer near the anode. For
PVC gel with an initial plasticizer content of 92 wt%, increasing the stimulation voltage from 200 V to 800 V
prolongs the migration equilibrium time from 36 s to 94 s. Concurrently, the net increase in plasticizer
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concentration within the anode-enriched layer rises from 0.08 wt% to 3.52 wt%, resulting in final localized
concentrations of 92.08 wt% and 95.52 wt%, respectively. Raman mapping further indicates that the enriched
layer has a thickness of approximately 100 pm and exhibits a gradient distribution of plasticizer concentration,
with higher concentrations observed closer to the anode. Complementary in-situ broadband impedance analysis
demonstrates that applied voltage induces substantial changes in the material's electrical properties. Specifically,
the initially homogeneous electrical characteristics transform, developing a significant difference in electrical
performance between the bulk gel and the enriched layer. This work not only provides deeper insights into the
intrinsic mechanisms governing the coupled evolution of mechanical and electrical properties within PVC gels but
also offers valuable guidance for optimizing their electroactive actuation performance.
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THY) 287.4%. HRIAIRAESS R B N, FRMEGORBUR TR v] 38 s ik FERF B R B 7. BRI, ASH FUIESE,
BT 2 WL SR 0 A 0 B R 9K R AR e 0% S BURS HE G oK%, A RO IR AW R R . % TN
T FF R AT e SR () A AR AR B AR P BB, DRI RS, mR B UF FHB B iR
W& B9 5E T Bkl

XU G P2 SR S BLAE ES ARR  SRE Ao = B IR B RR AL
FRL GBI RE L REH Y RN ARG
L SRR AR ORI G HT 2 i
2. AT LRSS SRR
SEAR IR MR RS (CLCE) FEASILBRBEE AT (eI =2k BT I A i (0, (2L
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R, BE R RN AN BN AR R I tH 208 /). HEl, fE8— CLCE MR SLilm i, £
JZ BB RAHIZ OB TE T X0 R 08iE (hhy ) FISZIRMLS (F72Ama ) JE47 R B HL AT 2w e 1 2 18]
PrERYE . SR, B ENE £ BRI T B Sk (AR I S/ A A 23 TR A3 5 SR A S M R
BN FEAN B 0 265 (1) JR) 30 R stk [ o B 48 o A AR S B — PP QT XU e TR S, 1 IR A A
MR AR BER S S WA R AN 451, 18— CLCE BEM WEEMF S . BUR g @
5G9 = EIEA S IEIE . I8 SRR v R IR S BT NBERE RS 7], MR T 5 e S R R A (1)
JH S AR S R, ST R E R TR ARG OGE THURBE IR T TR AR IR R O, AT AR
T ARG B IN T 22 5 N8 R A . AE EIERE b, R R S A - A TR AR RN, 4 AR R
WIS R REEAR, LT 4 PERE pm g, B WeH B BRSSO RS, T BERAS
P egmfe. IR, R BRI TSR N, 7825 (8] EAS A AT FERE T 4%, SEIL T AC I 4%
FeGRFE, 1225 AT e ik i Sy Sk A MR B e, B0 S TS Baal 1) D Bt B (FE 0-80% 3 4% 5t [l
W, RS RS 2 5>200 nm) o (EFEEIE, 1206 eI R0 bl U [ 58 6 ni B 1) B35 K, [RIB AR
BT AL A (A FR G S IE . 2, SR RE R AR ST =G B IR A RS S 1
X Bt RS LM C IR R+ AT BRI 25 e G AR IO DU P SRS, R TS R B R RFR, SEal T 2@
GBI G NSERER, N ZeERNEYih 205 B8 SRR ROCTa Rt 7 554
ngmAE. mPERRIHTE .
3D ITENE E R FLEE MR T+ PNIPAM M s 58 I HIRZHAT A
PIE T
[iEEPNES
Karlsruhe Institute of Technology

FFETH SR (N-S7 A SE U IR IBE AR (PNIPAMD ZK BERR 1 2 W REPERE, TS & T R &7 FAHS B (PIPS)
5ot absE (DLP) 3D FTEIHIAR, SIANT Hdi 2 L4, B2, it PIPS 7E PNIPAM H 4 & ik 2
FLB; BEJS, A DLP 3D FTERHARLE K EER Rt — 0 5 N KR HFLIR, TERCEA 2 REFLIRIM4E . 18
e, BATWIDIR T TR REFI AL . S50 RH, /2 -8 (EG) I3A Il R4
K, K AR FLBR R S50, 10— L G (DMP) MIBEARTE LB . 5 dr R, EfLB &
O NI S A R, TR FLBUR I SRR RS RERE G . BRATRGRAE T A RIEFZAF R IR AL
BREER, AL T KA BUT A SRR Z BRI R R Tk, it 3D FTEME A RALE M,
AEE— 2B 7 A RO A, RS TR T AR BT I AT IR B AT A . R T B 2 AL S s
PNIPAM 7K &K AE 10 #0 N AT SE 3 ik 45.5% AR RRARAL o g5 i , FRATBETE T —Fhe T4 A FESI 4509 (1) < T,
ST KB TR IR AL A R A AR

R e 2 e R/ ' AR L AT 4 ) ) 28 % L AT
ERA EHA. ARZ. Tk
R EAPNES

SR N PEAR TR G S R PR TR AN CAnr s OEIRD MER R R BT AR, B A5
AP OIERE ST o, BBERGESCEEROEOR I MR, TREA R LR BRI, AR e T
RS BIENORE . 52N 5 AT A AR S U R B BRI DA (i, XS, 4edF
Atk 2 BAT R AT TR AT AL BB BAR e 4 L AWIRIIT R, B BT RS R %
T2 OREHTEE DL RS S RIS, I B 1 BAT DO i AR e BE RO 2T AE R AR SR 34
HL BB (SEMDL X SFERATSY (XRDD HLALSA L SEMI N B J) 22 5 2 RRAET-BL, R TT 7 MR R
SR 5B L BRBOEAR OIERE (BRI . MIRGERE . HOMCER. SCIRHIRE) FmbL .
BT Pl R L4 L W, e 1 S RIERBER G, TR 7 HOCEYERE bR, Qe A HIE
Bl SR LIS T AR AR VE USRI . A, N DhREAL 5 B REL R e sy, AWFTIRR 74T
L — O A (S BRI AR RSB 2 R (R, BERD BT, v N BRI S H
GRS T E B MR RS BOR ST .
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BT pH i ZnFe,0, #KAEH n-p B S B3 BV B T T PG B4 e A IR 50
X| B4, BRwkak. FEE. BEEE

TERY
AR SRR OHRIR BE I A AR I 755K, S —Fh pH A n-p B4 LIRS, T8I K HGE S BRI
B (ZnFe204) HKMEL. BEFERGURTT T IRIANE pH XA RER IS . 5 SRR R ERE R RS

MLl . XRD 5 Raman FRAFUESE T A FE S 33T B s 405 37 7 9 fi A 450 (Fd-3m), Zn2+F1 Fe3+743 1) (5 4 Y
A& S \THARAL 5 . BE pH THE, #PRBRLAZIE /N (SEMITEM), ELZR AR B 21 K (S3:16.68 m2/g — S5:39.13
m2/g), FLETKIDLAA] TR B, BRI AT N S3 (pH=7.5) X AR £ M7 n Y iy pHAR
fk (S=Ra/Rg), 1fi S4 (pH=10.5) A1 S5 (pH=12) FI p B AL (S=Rg/Ra). XPS 7 #1#E~ pH F+ &
T Fe3+ 3 HIEAC. Fe2+bufil BT, SR EE RGN . Mott-Schottky 58 /R RN MINAIE SEARAHIA A n
RIS HL, KT S4/S5 (1)"p B RSO p BRI R — U 3 R N TR B AT SR 2, I Fe2+/Fe3+
FAIE ST RIS B T AR 2R PR R I = B, AE 250°C R XM EE IR (<1.8 ppm) H &
R ARTIEE T ABERAMA ZnFe204 FHAT RIRIESEAE 7B B g, TRFF A & RBUE . (RThFE P R A% 12
FREE TR, EHR AR WE R 0 BT A S A 2 A e I IR A B R 7

PRI 25 1 1 BRI 2% 160 5 B 52
WM, RIEK*
WHLR AL TR S A TS5t

5 il e R T A B W« AHLZE T W0 SR B RIBLBR -8 7 XU 2 B T B3R RS«
BRI, 3 ML 00 8 LR R AL SREERID) FEHIRIRT, B AR Mk A I . FLIE B
SPANERIE ISR D) BB, R IR EE 7 PRI RS TR, 2 T M 5 A R 8 2 1 S B
HOSHIEIR L . Joilh LR RS RE B T KR, TR TR RAEE 2 A L R & Z0 2
RUBBII S AL . BA BRI [ 1RSS5 S AL RS, eSS HEMILX 2 R R 7 i L. 525
THRIORREHUR, % R 44 DB W2 ST S BT o M T IR S MO T IR 10 b
feik e, AEAR R I E LR IR ST R RS S, AR 2 M B T R A 0 77 1)

BT R, ATRRRAEE (PVA). KR (PAAM). TEILW 6 B LT 4% (PPy@CNF).
SRR (TA) FIEH (Glycerol), SEIEHUBRELM 7 Wi & T —FhIE T AREICHE R OB . 4 Reb A BE
PR . LR B ATEIGIR F R T AR, HERIUM & 1 SR S RIS S A J: P45 T4F
ST b, R TR AT A, TR T R B . TR AR 55 5 e
VRO 2E 5, A R S B R I IX S A L RURR T O 5 155

An inorganic liquid crystalline dispersion with 2D ferroelectric moieties
Jiayu Chen?, Ziyang Huang?, Jiarong Liu*, Shengkai Chang®, Baofu Ding? Gaokuo Zhong?, Chuanlai Ren?, Menghao Wu?®,
Teng Ma*, Bilu Liu**
1. Tsinghua University Shenzhen International Graduate School
2. Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences
3. School of Physics and Institute for Quantum Science and Engineering, School of Chemistry and Institute of Theoretical
Chemistry, Huazhong University of Science and Technology
4. Department of Applied Physics, Hong Kong Polytechnic University
Electro-optical effect based liquid crystal devices have been extensively used in optical modulation
techniques, in which the Kerr coefficient reflects the sensitivity of the liquid crystals and determines the strength
of the device operational electric field. A giant Kerr coefficient could be obtained in a material with both a large
geometrical anisotropy and an intrinsic polarization, but such a material is not yet found. Here we reveal a
ferroelectric effect in a monolayer two-dimensional mineral vermiculite (VMT). A large geometrical anisotropy
factor and a large inherent electric dipole together raise the record value of Kerr coefficient by an order of
magnitude, till 3.0x10-4 m V-2. This finding enables an ultra-low operational electric field of 102~104V m-1 and
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the fabrication of electro-optical devices with an inch-level electrode separation. Because of its high ultraviolet
stability (decay <1% under ultraviolet exposure of 1000 hours), large-scale, and energy-efficiency, prototypical
displayable billboards have been fabricated for outdoor interactive scenes.

LA VAR ety 2 Ak el VA
Fw. E0H. KLk«
Hh LR 27 B T3 M GKBAR 5 9K AT AL BT 72 B
Hy AL A 0 A LA EF e AN AT S BAT 250 0% AR A IRAR I8 Sl ] g RE 4% 1) LA JE I i
N AR o RIS  SXEE7 A LA LT G R SEIE SR A, JF B T8 2 I S5 BT DA o L 75 22
MR B P AR ST ARS8 o 7E U, FRATTIRE 7 B T 2 S 4 T — PR K B B - S5 T sk
YkE (CNT) /Je e (nylon) ZEWREL4E. nylon SR T CNT SF4EH &, &5 K7 CNT 274k
5 R R AR AR TR, TSR R 7 A AR AR . 78 A2 & iK1 AT R, CNT@nylon JilL
PR 4 1 B3 UL SR B B 26.4%, T KISAE R Ay 15.8% s, S KIHEREE N 0.37 W g™, /524 CNT
LA AT 4E 1.59 £%. 1.82 £5H1 5.5 fir. ¥ CNT@nylon HLAL 0 AR L 4R BIZRNE L) b, T 3RAS
TR EZ AL, K SRR S W FIN 78 R SO S U A, XA LA A 2 T DL E A
SR HEs. WA SR, B LAYIREE S Z M Al AR A, AU AR A
FESRMENLAR N . B REDN JI AW SR AT — 5 [V L FH 53t

ARt LAk FR ) 28 I 3R S0 L A2 77 9
%ot
BUHITTE K2

R S = o T MR E O — SR BEARL, BERS RIS TS B IR L Ot Hids. B, pH. iR
B JIEANERIB, LR E e SRR, AR AMEIARE AR, RILEES. @B, BES. R
GUR AR SR RIS o, el KA m e e e . R B SR, AL h . R 2
Pz R R S I A 32 R - AR, MEO8 MR RDER 1, AR AMDERTR WE RIS ER R, ek
ARG (trans) -3 Ccis) SERIMLAEAS, T PRh R AR AE 70 1 ROT ARG i 2 22 50, 44
BHOZE R E 2 R AT AR BRI B S ARG R, PRI B RO EUR S A RtE, 3
AR RENS SCHU R EWIVE RESCBD AR P AIIEAL, LA A2 R AR IO R /5K

R RE R A2 N TS 47T
WY 7 «
Hh A E S5 M KBRS 9K A7 A WF TP
BRARE R IL S HUGR I « R P ER AL 3 L, SO NGV 2D LR EARR R . £ERTIY]

WrFTe, FABEH T AT X T R R G A N T EP R LA it o 120 AR IE A XU 338
B TR, SO T P s IR T RE . SR, SR ARG A RN A AR AE AR 2 AL
WA, XS MRAET G SERASKIEGINGEEERA, OB RRER IR . JRTi i E A
TP PERRINKAE G A A R IX 8] o BATEE XU 5 W [R) V42 (R R AT R At Btk —DAREIA &R, [R5
SEHL T R RE R A ROR S R R IR

MTLE (S5 a e
G sk, [HIEF*
P AR
AR TR HL I S ARV A TR R TR T BB B AR 2R T L AT AR G g S B AR 2B ) 2 /A 2
H E-BUE AN A B RS, S Bk e 1 AR 2 AR A R B B %, SEBL NS E IR |
AL IR BB MRS B MM 2 4R, R EEACE. W ERARLR I T AR BT
%o ST BB AR AR YE R T T 527 60 BOE s RO B R R U5 B A HESE
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