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Reversible incorporation of metal ions into 
ceramic materials, such as silicon, cobalt 
oxide, and nickel oxide, is well known in 
energy storage devices and causes strong 
distortions of their crystal lattices. At the 
particle level, the relations between the 
atomic or nanometer scale structure of 
the particles and the direction of exerted 
stress are largely unpredictable, being 
strongly affected by random geometric 
features and particle defects.[1] We noted 
that the many ceramic materials, exempli
fied by Co3O4 and NiO, can produce chiral 
nanoparticles (NPs) with strong polariza
tion rotation.[2] In these and other cases of 
chiral nanostructures, for instance from 
gold[3] and mercury sulfide,[4] the strong 
optical activity originates from the chiral 
bias that enantiomeric organic ligands 
on particle surfaces exert on the crystal  
lattice. Since the chirality and twisting 
deformations are intrinsically related, 
as can be seen in chiral origami, kiri
gami, and metamaterials,[5–8] one could 
expect that nanoscale chirality will 

Reconfiguration of chiral ceramic nanostructures after ion intercalation 
should favor specific nanoscale twists leading to strong chiroptical effects.  In 
this work, V2O3 nanoparticles are shown to have “built-in” chiral distortions 
caused by binding of tartaric acid enantiomers to the nanoparticle surface. 
As evidenced by spectroscopy/microscopy techniques and calculations of 
nanoscale chirality measures, the intercalation of Zn2+ ions into the V2O3 lat-
tice results in particle expansion, untwist deformations, and chirality reduc-
tion. Coherent deformations in the particle ensemble manifest as changes 
in sign and positions of circular polarization bands at ultraviolet, visible, 
mid-infrared (IR), near-IR (NIR), and IR wavelengths. The g-factors observed 
for IR and NIR spectral diapasons are ≈100–400 times higher than those for 
previously reported dielectric, semiconductor, and plasmonic nanoparticles. 
Nanocomposite films layer-by-layer assembled (LBL) from V2O3 nanoparticles 
reveal cyclic-voltage-driven modulation of optical activity. Device prototypes 
for IR and NIR range problematic for liquid crystals and other organic mate-
rials are demonstrated. High optical activity, synthetic simplicity, sustainable 
processability, and environmental robustness of the chiral LBL nanocompos-
ites provide a versatile platform for photonic devices. Similar reconfigurations 
of particle shapes are expected for multiple chiral ceramic nanostructures, 
leading to unique optical, electrical, and magnetic properties.
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define deformation patterns upon ion intercalation into nano
structures. The resulting chiral deformations of particle lattices 
and shapes occurring coherently over the entire ensemble of 
NPs with the same handedness must inevitably lead to strong 
optical polarization effects that can be of interest for rapidly 
growing family of devices for chiral photonics,[2,7,9,10] sensors,[11] 
and displays.[12]

To test this hypothesis, we synthesized NPs of vanadium 
sesquioxide, V2O3, by controlled hydrolysis of vanadium (III) 
chloride in the presence of (R,R) and (S,S) tartaric acid (TA), 
also known as L- and DTA (Experimental Section, Supporting 
Information); the resulting V2O3 particles will be correspond
ingly referred to as L- or D-NPs and racemic (rac) NPs when 
an equimolar mixture of TA enantiomers was used. The choice 
of V2O3 was governed by its small bandgap of Eg  = 0.3  eV  
compared to Eg for other metal oxides (Table S1, Supporting 
Information), which makes nanoscale V2O3 suitable for engi
neering of devices in visible and infrared parts of the spectrum 
facilitated by its electrochromic and magnetic properties.[13–15]

1. Chemical Structure of Chiral V2O3 NPs

The atomic composition and structure of the prepared V2O3 
NPs was established based on electron microscopy and vibra
tional spectroscopies. Transmission electron microscopy (TEM) 
showed that size of LNPs was 2.31 ± 0.06, 2.41 ± 0.07, and  
2.54 ± 0.02  nm when synthesized at pH 3, 7, and 11, respec
tively (Figure 1A–F; Figure S3, Supporting Information). Small 
size of chiral particles is essential in order to minimize the 
solidstate diffusion time required for ion intercalation.

Scanning transmission electron microscopy (STEM) and 
energydispersive spectral (STEMEDS) mapping confirmed 
that the NP composition was consistent with vanadium oxide 
for all pH values (Figure S3, Supporting Information). The 
position of the vanadium 2p peak in the Xray photoelectron 
spectroscopy (XPS) shows that vanadium atoms are in the +3 
state (Figure S4, Supporting Information). Crystalline domains 
with lattice spacing of ≈0.21  nm is consistent with the (610) 
planes of monoclinic V2O3; they were always observed in the 
central part of the NPs but the crystallinity of V2O3 was visibly 
reduced at the interface where strong distortions may occur 
(Figure 1A–C).

The chemical structure of the NPs obtained at different 
values of pH was subsequently assessed by multiple modalities 
of vibrational spectroscopies. The strong bands at 878, 879, and 
944 cm−1 in the Raman scattering spectra (Figure 1G; Figure S5, 
Supporting Information) of NPs originate from VO bonds. 
Being strongly dependent on pH, they are situated on the NP 
surface, and are consistent with V3+ sites interacting with TA 
ligands. The typical binding conformations and number of 
coordination bonds of the TA species (H2T, HT−, and T2−) on 
V2O3 NPs. The bands at ≈532 and ≈629 cm−1 originate from the 
stretching vibration modes of V–O and V–O–V bonds, respec
tively, of the monoclinic V2O3 lattice and only appear for the 
NPs at pH 3 and 7. However, in the V2O3 NPs synthesized at 
pH 11 that have the thickest amorphous layer, these Raman 
peaks disappear. The broadened bands located at 246 and  
367 cm−1 are assigned to the bending vibration of the V–O 

bonds [16] in the NP interior and the interface. The Raman 
optical activity (ROA) spectra display a band below 600 cm−1 
(Figure S6, Supporting Information), which corresponds to 
solid state phonons.[17] The short range and heterogeneity 
of the V2O3 core results in broadening. However, one can  
simultaneously see that the chiral distortions of the inorganic 
phase results in their chirality as well.[2]

The complementary Fourier transformation infrared (FTIR) 
spectra show distinct shifts of the peaks associated with –OH, 
CO, and C–O vibrations in TA moieties after binding to NPs 
(Figure  1H; Figure S7, Supporting Information), which are  
consistent with the coordination bonding between oxygen 
atoms of the hydroxy/carboxyl groups of TA and V3+ sites on 
the NP surface. The bands at 1550–1650 cm−1 are associated 
with amideII vibration modes of TAV2O3, while the peak at 
1065 cm−1 corresponds to the stretching vibration of the VO 
bond in the interior of NPs.[16]

To better understand the coordination of TA to V2O3 NPs 
and, thus, the structural changes upon Zn2+ intercalation, we 
performed molecular dynamic (MD) simulations using the 
interface force field (Table S2, Supporting Information), which 
is capable of accurate description of nanometer scale particles 
of complex oxides.[18] Three atomistic models of NPs utilized 
for pH of 3, 7, and 11 incorporate previously reported surface 
chemistry (Figure 2A,B; Figures S8 and S9A–C, Supporting 
Information), and computed binding data are consistent with 
TEM, XRD, Raman, and FTIR data described above. The MD 
models were additionally validated by the calculation of radial 
distribution functions and vibrational circular dichroism 
(VCD) spectra (Figure S10C–I, Supporting Information). The 
pHdependent RDF peaks show that COO− groups had the 
strongest and closest bonding with the NPs (Figure S10C,  
Supporting Information). The calculated VCD spectra  
(Figure S10G–I, Supporting Information) matched the experi
mental ones, which is quite remarkable considering their com
plexity and demonstrates the accuracy of the atomistic models 
over nanosecond dynamics.

Both vibrational spectroscopies and MD data revealed that 
TA forms strong vanadium–oxygen coordination bonds with 
NP surfaces (Figure  2A; Figure S10B, Supporting Informa
tion). In addition to single bonding sites, the MD trajectories 
show single TA molecules attaching to V2O3 surfaces with two, 
three, and even four coordination bonds. The multiprong, or 
“staple” configurations of surface ligands[19,20] are likely to form 
via collective binding of neighbor and nextnearest neighbor 
carboxyl groups to the NP surface (Figure S10B and Table S3, 
Supporting Information).

The MD data also pinpoint the nature of the chirality transfer 
from the ligands to NPs. The tight binding of TA strains the 
crystal lattice of V2O3, which results in chiral distortions of 
the latter with the interfacial layer of the NPs being the most 
affected. The surface maps of volumetric strain show that the 
magnitude of the strain increases with pH due to stronger 
binding of TA ligands (Figure  2C; Figure S11, Supporting 
Information). The consequence of the strain is the presence 
of chiral structural features and namely the distorted inter
facial layer, which is clearly visible in STEM images (Figure 1F). 
The twisting deformations at the TA binding sites can also be 
recognized as a change of local geometry for V2O3. Compared 
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with the ligandfree NPs (21.8°), the dihedral angle calculated 
for L-NPs became larger (31.6°), while that for D-NPs decreased 
to 5.1° (Figure S12, Supporting Information), indicating that 
the strain and distortions are chiral and differ in directions for  
L- and D-TA.

The chirality transfer from the TA ligands to the inorganic 
core can be rigorously evaluated using weighted Osipov–
Pickup–Dunmur chirality measure (wOPD).[21] The atomistic 

models of particles without TAs on their surfaces at all pH 
conditions were achiral and revealed wOPD ≈ 0. The same 
NPs equilibrated with L- or D-TA displayed negative and  
positive wOPD that sharply increases in absolute values for  
pH 11 to −4.8 and +10.5 for L- or D-NP, respectively (Figure 2D). 
Its approximately orderofmagnitude increase with pH points 
to the chirality transfer via lattice distortions due to TA binding 
to NP surface because the rise of wOPD parallels the increase 

Adv. Mater. 2023, 35, 2206956

Figure 1. Structural characterization of chiral V2O3 NPs. A–C) high-resolution TEM images of L-NPs obtained at pH 3 (A), pH 7 (B), pH 11 (C).  
D–F) STEM images of L-NPs at pH 3 (D), pH 7 (E), pH 11 (F). The yellow dashed lines in (F) denote the interfacial and core regions of the NP.  
G) Raman and H) FTIR spectra of V2O3 L-NPs at pH 3, 7, 11.



www.advmat.dewww.advancedsciencenews.com

2206956 (4 of 9) © 2023 The Authors. Advanced Materials published by Wiley-VCH GmbH

of surface strain (Figure  2C). We note despite limitations of 
wOPD being elaborated in the past,[22] the geometrical recon
figurations restricted to the twist–untwist deformations reveal 
chirality continuum and inevitably pass through the zero  
chirality state when changing the sign from positive to 
negative.[23]

2. Optical Properties

The mirror asymmetry of the NPs ought to translate into their 
optical activity. Indeed, circular dichroism (CD) spectra of  
L- and DNPs display multiple positive and negative peaks from 
UV to IR parts of the spectrum (Figure 3C,D; Figure S13A,B, 
Supporting Information). The negative CD peak of unbound 
L-TA typically observed at 210 nm, splits into three peaks with 
two new peaks at 185 and 240 nm (Figure S13C,D, Supporting 
Information), due to strong coordination to the surface in  
different “staple” configurations. The NIR band between  

700 and 1200  nm originates from the V2O3 polaronic states, 
which are strongly coupled to lattice distortions and surface 
states as was identified previously for vanadium oxides,[13] 
WO3 NPs,[24] and other metal oxides.[25] The CD spectrum 
disappears in rac-NPs while the UV–vis absorption spectrum 
is the same for L-, rac-, and D-NPs (Figure S13E, Supporting 
Information). The peaks in the UV part of the spectrum origi
nate from the TA surface ligands. Distinct chiroptical activity, 
albeit less intense than for TA, was also observed in V2O3 NPs 
capped with L- and D-malic acid or L- and D-penicillamine 
indicating the generality of the chirality transfer from chiral 
molecules on the surface to V2O3 NPs (Figures S14–S16,  
Supporting Information).

The position and intensity of the peaks in CD and absorp
tion spectra were strongly dependent on pH varying progres
sively from 2 to 12 (Figure  3B–F; Figure S13A,B, Supporting 
Information). New CD bands of different signs emerge as pH 
changes reflecting the progression of interfacial binding of TA 
(Figure  3C,D). The prominent NIR band exhibited a strong 
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Figure 2. Computational modeling of atomic geometries of chiral V2O3 nanoparticles with and without Zn2+ intercalation. A) The typical atomistic 
structures of equilibrated NPs at pH 11 in water. B) The typical atomistic structures of equilibrated Zn2+ intercalated NPs at pH 11. Zn2+ ratio is 10% in 
the core part. C) Calculated volumetric strain of TA modified NPs with reference to bare NPs. The color bar shows the range of the volumetric strain. 
The green molecules are TA molecules. D) The wOPD values of L/D-NPs at different pH (solid circle) and the values of Zn2+ intercalated L/D-NPs pH 
11 (circle). E) Geometrical mechanical models of NPs and Zn2+ intercalated NPs which expanded while untwisting. Orange bonds depict intrinsic chiral 
strain lines from the TA molecules attached to NP surfaces.
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blueshift from 923 to 758 nm for L-NPs and from 921 to 841 nm 
for DNPs with pH changing from 11 to 3 (Figure 3E), which is 

associated with the strainrelated changes in the energy of the 
polaronic state.[13]

Adv. Mater. 2023, 35, 2206956

Figure 3. Circular polarization effects for dispersions and thin films. A,B) Photographs of NP solutions made with L- and D-TA NPs at pH 2–12.  
C,D) CD, E,F) UV–vis–NIR absorbance of L- and D-NPs at pH 3 to 11. G,H) Photographs of light transmitted through dispersions of L- and D-V2O3 
NPs at pH 11; fixed Polarizer 1 and clockwise ((G) for L-TA-NPs) and counterclockwise ((H) for D-TA-NPs) rotation of Polarizer 2 (each color changed 
with rotation of ≈3°; see Figure S18 in the Supporting Information for polarization experiment schematics). I–K) Photographs of L- (I), rac- (J), and 
D- (K) V2O3 NPs dispersions at pH 11 in a cross-polarizer setup. Transmitting NIR light with a wavelength of 360–2400 nm with detector sensitive to 
wavelengths of ≈1000 nm.
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Optical asymmetry gfactors should exceed 0.05 for  
materials to be suitable for optical devices. Combining small size 
of the NPs and high g-factor represents a material engineering  
challenge specific for optically active nanostructures suitable 
for effective ion intercalation. The maximum gfactor of the 
NPs in the visible range is 0.086 at 654 nm, while that for the 
nearinfrared (NIR) region is 0.079 at 1244 nm (Figure S17 and 
Tables S4 and S5, Supporting Information). Considering the 
NPs in the same size regime of several nanometers in diameter  
(Table S6, Supporting Information),[26] these g-factors are  
≈100 times higher than those for NPs from nonmetals and some 
plasmonic metals (Table S6, Supporting Information)[9,27,28] and 
are ≈400 times higher than that for the polaronic band of chiral 
WO3 NPs.[24]

As expected from the g-factor values, the strong polariza
tion rotation was observed both for visible and NIR parts of the  
spectrum in the crosspolarizer optical system. The color of 
L-NPs dispersions continuously changed from red to purple 
by clockwise rotation of the postcell polarizer (Figure  3G,H). 
D-NPs exhibit identical colors for a counterclockwise rotation.  
The red/green/blue/purple color palette corresponds to the 
peaks of 655/502/450/402 nm in the g-factor spectra (Figure S17J,  
Supporting Information) that play the dominant role in the 
transmitted light. Similar polarization rotation was observed for 
the crosspolarizer setup based on a NIR camera (Figure 3I–K; 
Figure S18, Supporting Information).

3. Ion Intercalation Into Chiral Nanoparticles

The rows of vacancies between V–O in monoclinic V2O3 can 
potentially accommodate other metal ions by formation of 
Frenkel defects due to Zn2+ substitutions of V3+ inside the NP 
core and creation of oxygen vacancies. Since the lattice spacing 
of V2O3 NPs is 0.1–0.37  nm, we chose the Zn2+ ion for inter
calation because its diameter is 0.148  nm.[14,29] The successful 
incorporation of Zn2+ by adding 1 mL of 2 m ZnSO4 solution to 
the 10 mL aqueous dispersions of V2O3 NPs, is demonstrated 
by the strong Zn peak in EDS mapping (Figure S19E,I,M, 
Supporting Information). HRTEM images show that the  
lattice spacing for (610) planes of V2O3 expanded from ≈0.2 to 
≈0.3 nm after Zn2+ ion intercalation (Figure S19G,H,K,L, Sup
porting Information). Correspondingly, two new peaks (2θ = 16° 
and 24°) appeared in XRD (Figure S20A, Supporting Informa
tion) after Zn2+ intercalation in V2O3 NPs, which was also con
firmed by FTIR. The midIR peak at 1620 cm−1, corresponding 
to amideII vibration modes of TA, gradually weakened and the 
peaks at 1115 and 1055 cm−1, corresponding to stretching vibra
tion of the VO bonds in the NP interiors became stronger 
(Figure S20B, Supporting Information). Raman scattering  
peaks describing the stretching mode of VO groups on 
the NP surface shifted from 944 to 843 cm−1 (Figure S20C,  
Supporting Information) after L-NPs were intercalated with 
Zn2+ ions. These experimental data showed weakening inter
actions between TA and the NP interface, overall lattice expan
sion, and new diffraction peaks that were also confirmed by 
MD simulations (Figure 2B; Figure S21A–C, Supporting Infor
mation). Two XRD peaks in V2O3 NPs synthesized at pH 3 
and 50 °C were attributed to [211] and [51−2] planes in accord 

with 390774 standard XRD pattern (Figure S22A, Supporting 
Information).

After Znintercalation, the XRD peak from [512] lattice 
plane shifts as the consequence of the lattice expansion. The 
new peak appeared at 2θ = 55o, which is in agreement with the 
simulation of XRD pattern from LNPs after Znintercalation 
(Figure S21B, Supporting Information) and previous studies 
by Zhan et al.[29] Electron diffractions of LNPs from the [41−1] 
crystal planes of monoclinic V2O3 with standard lattice spacing 
≈2.7 Å, also indicates the lattice expansion after Znintercala
tion and thus untwist deformation (Figure S22B–D, Supporting 
Information).

Concomitant changes in optical activity were observed. The CD 
intensity of Zn LV2O3 NPs decreased across all bands from UV 
to NIR (Figure S20D–I, Supporting Information) and for NPs.  
The universal reduction of chiroptical activity upon ioninter
calation is related to coherent chiralitydetermined deformation 
of NPs due to expansion of the pretwisted crystal lattice. Such 
deformations can be characterized by the geometrical models 
in Figure 2E where layer expansion competes with chiral strain, 
leading to the twist–untwist mechanism which tunes chirality. 
As the chiral particle expands, it untwists, leading to the reduc
tion of nanometer scale chirality. After ion intercalation, wOPD 
of NPs dropped from high absolute values to near 0 values 
(Figure  2D), which confirms chirality reduction. We note that 
nanometer scale chirality as opposed to the Angstromscale  
chirality chracteristic of the tetrahedral carbons in TA is neded 
for the strongly enhanced (giant) polarization rotation in the 
red and nearinfrared part of the electromagnetic spectrum

4. Voltage-Driven Optically Active Films  
from V2O3 Nanoparticles
Modulated polarization rotation have been accomplished by 
mechanical deformations,[6,30,31] magnetic field modulation,[2] 
temperature variations,[9,32] and changes in media chemistry.[33] 
The most technologically attractive processes are voltagedriven, 
which becomes possible due to polarization rotation upon ion 
intercalation in small chiral NPs. Compared to batteries, such 
electroactive films must also be transparent, which imposes 
stringent requirements on the NP size and their organiza
tion on the electrode. We engineered the films from V2O3 NPs 
addressing these requirements using layerbylayer (LBL) depo
sition[34,35] by sequential immersion of ITOglass substrates into 
0.5% w/v poly(diallyldimethylammonium chloride)  (PDDA) 
and 1% w/v polyacrylic acid (PAA)/V2O3. The advantage of 
LBL deposition over other methods of film preparation is the  
uniformity combined with high conductivity and transparency.  
A total of n = 20 PDDA/V2O3 multilayers were deposited  
(Figure S23A,B, Supporting Information) with optical density 
of ≈0.5 D, 120–130 mdeg CD amplitude and gfactor of ≈0.01 
for the peak at 852  nm (Figure 4A,B). Structural analysis of 
the L-TA films carried out by XPS and XRD (Figure  4C,D;  
Figure S24, Supporting Information) showed that they are 
chemically similar to L-NPs. NIR absorption bands between  
700 and 1200 nm (Figure 4B) elevate their technological impor
tance because it is difficult to realize chiroptical devices using 
voltagedriven transitions in liquid crystals.

Adv. Mater. 2023, 35, 2206956
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Figure 4. Cyclic behavior of circularly polarizing thin films from chiral nanoparticles. A) CD and B) absorbance of L- and D- NP solutions (in H2O, solid 
line) and L-NP film (on ITO-glass, dashed line). C) XPS and D) XRD of L-V2O3 film. Compare with the XRD pattern for NP powders in Figure S4C in 
the Supporting Information. E–G) Photographs of light transmitting through the L-NPs film in the original state (E), after zinc intercalation (F), and 
after zinc deintercalation (F). H,I) CD and J,K) absorbance of L- and D-V2O3/Ag NWs films. L–O) Cycling performance of the films monitored as CD 
intensity of films at 852 nm after cycles of zinc ions intercalation and deintercalation.
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Based on cyclic voltammetry (CV) data (Figure S25A, Sup
porting Information), for the intercalation of Zn2+, there is no 
noticeable change after 60 cycles in the CV curves resulting in 
cyclic insertion and extraction of Zn2+ ions into the NP films 
(Figure S25B, Supporting Information). Transitioning from 
electrochemical to optical cells, we applied 1.0 and 1.8  V to 
the NP films to investigate changes in optical activity across  
UV–vis–NIR regions upon cyclic ion intercalation and deinter
calation (Figure S26, Supporting Information). The CD ampli
tude significantly decreases after Zn2+ ions intercalate into L- or 
DV2O3 film (green line, Figure S26A,B, Supporting Informa
tion), which matched the experimental and theoretical data 
and indicated chirality reduction upon untwisting deformation 
associated with this process (Figure 2D,E). The repeated cycling 
of Zn2+ intercalation and deintercalation of the L- and D-V2O3 
films led to a periodic increase and decrease of CD intensity 
and the cyclic alternation of colors observed through cross
polarizers (Figure 4E–G).

The recovery of optical activity after each cycle, however, 
was not complete (Figure S26E,F, Supporting Information) 
and the modulation fades after seven cycles. Fading of the 
charging capacity occurs, most likely, due to trapping of inter
calated Zn2+ in the NPs with twisted crystal lattice. Indeed, XPS 
analysis shows that a small amount of Zn2+ ions is retained in 
the film after the first charging cycle (Figure S27, Supporting 
Information). In addition, the chemisorption of Zn2+ on NPs 
at high pH may cause the precipitation of Zn2+ complexes that  
irreversibly aggregate and block the ion transport.[36]

Incorporation of carbon nanotubes (CNTs) or Ag nanowires 
(NWs) to increase electrical conductivity of the multilayers 
and reduce the “dead zones” trapping Zn2+ ions partially  
mitigates this problem. LBL films with an architecture of  
PAA/V2O3/CNT/PDDA (n = 20) operated under the same  
conditions increased the total number of modulation cycles to 
17 (Figures S28 and S29, Supporting Information). In the end 
of the cycling, SEM images indicated an increase of the film 
crosssection and surface roughness (Figure S30, Supporting 
Information) associated with the entrapment of Zn2+ ions.

Replacement of CNTs with Ag NWs to form PAA/V2O3/
AgNW/PDDA films (n = 20) increases the total number of cycles 
before fading to 25 (Figure 4H–M; Figure S31, Supporting Infor
mation). After the charging process of the first five cycles of 
V2O3/Ag NWs film, the peak at 852 nm in the in operando CD 
spectrum nearly recovers to its initial intensity (Figure  4L–O;  
Figure S32, Supporting Information). We also observed that 
these thin films exhibited higher polarization contrast due to 
high conductivity and potential plasmonic effects with Ag NWs. 
Enhanced CD amplitude for full chargedischarge cycle affords 
intercalation of smaller numbers of Zn2+ while retaining the 
optical fidelity of the cell to reduce entrapment. Voltage driven 
intercalation at ≈50% of full capacity extends the polarization 
modulation for ≈60 cycles for both L and D-V2O3/Ag NWs 
films (Figure 4N,O).

5. Conclusions

“Builtin” chiral distortions in the lattice of V2O3 NPs induced 
by TA enantiomers on their surface result in concerted 

twist–untwist deformations in the course of ionintercalation 
cycles, which results in related strong optical polarization effects.  
Similar reversible  reconfigurations of particle shapes are 
expected for multiple chiral nanostructures from metal oxides 
with a variety of optical, electrical, and magnetic properties. 
Considering the current voltagedriven polarization techno
logies based on liquid crystals, chiral ceramics offers extended 
temperature stability and spectral range, such as techno
logically relevant SWIR, NIR, and IR diapasons atypical for 
organic molecules and specifically for liquid crystals. Variable 
solidstate chirality of V2O3 nanoparticles also offer a potent 
and versatile materials platform for realtime chirality modula
tion and chiral photonics.
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