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Introduction

Recon�guration of the optical properties of materials enables functional performance bene�ts
in consumer goods, automobiles, and aerospace systems. Dynamic changes to optical material
properties including absorption, diffraction, re�ection, and scatter have been the subject to
intense research. Various stimuli are capable of triggering optical recon�guration of these
properties including heat, light, chemical, and electric �eld. Chromic devices (photochromic and
electrochromic) are increasingly widespread in light control applications as wearables or in
windows.

Liquid crystalline materials, pervasive in the display industry, are synonymous with stimuli-
induced recon�guration of optical properties. Of particular interest is the inherent and selective
re�ection of the cholesteric liquid crystal (LC) phase.(1,2) This phase forms naturally in chiral
liquid crystalline molecules but is more commonly formulated via chirality transfer from a
dopant to a nematic LC host.(3−6) In this way, the spectral properties of this phase are

Jump To

Reconfigurable optical materials are critical to realizing light control in eyewear or
architectural windows. Here, we report on the electrical reconfiguration of the selective
reflection of cholesteric liquid crystals (LCs). The distinctive responses detailed here are
enabled by the preparation of a structurally chiral polymer stabilizing network that enforces
anchoring of a low-molar-mass liquid crystalline media with positive dielectric anisotropy.
The pitch of the reflective optical elements is directly regulated by a dc field, resulting in red
or blue reflection wavelength tuning or broadening. The use of the positive dielectric LC host
in concert with optimization of the material preparation conditions allows for reorientation of
the LC molecules to achieve an optically clear state (homeotropic orientation) by the
application of an ac field. In this way, the selective reflection of the optical elements can be
moved, widened, and turned on and off. The electro-optic characteristics of these materials
are another step forward to enabling the use of these materials in optics and photonics.
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governed by the composition of the formulation and can be readily adjusted to prepare optical
elements across the electromagnetic spectrum (UV to long wavelength infrared, ∼300–10 000
nm).

Considerable research has examined thermal,(7−12) photonic,(13−15) and electrically(16−19)
induced adjustment to the optical properties of cholesteric LCs. A signi�cant fraction of these
prior research efforts has focused on electrically induced switching between a transparent and
scattering state, commonly referred to as a polymer-stabilized cholesteric texture.(5,6,20−26)
These devices switch from an optically transparent state into a scattering state by the
application of an electric �eld, which orients the LC into a focal conic texture.

Here, we focus on dynamic recon�guration of the re�ection band gap of polymer-stabilized
cholesteric liquid crystals (PSCLCs). Recent research has reported the ability to switch the
re�ection on or off,(27) tune,(28−31) or broaden(3,19,32,33) the selective re�ection of these
materials. Of relevance to the work detailed here, we have reported on the ability to
electromechanically distort a polymer stabilizing network incorporated in the material system
that directly affects the pitch of the low-molar-mass cholesteric LC phase.(32−34) Put
succinctly, the polymer stabilizing network retains a structural chirality derived from the
preparation conditions. To date, these effects have been consistently observable only in
compositions prepared with negative dielectric anisotropy (Δε < 0) nematic LCs. Accordingly,
upon the application of a dc �eld, the liquid crystalline host does not initially reorient to the �eld
direction enabling an ion-mediated distortion of the structurally chiral polymer stabilizing
network to act and enforce pitch changes observable as bandwidth broadening,(3,19,32,33) red-
shifting tuning,(28−30) blue-shifting tuning,(31) and scatter.(27)

Here, we report the re�nement and optimization of the materials chemistry to realize complete
optical recon�guration of the re�ection band gap of polymer-stabilized cholesteric LCs in which
the re�ection notch can be tuned or broadened as well as switched on and off. The switchability
of this material system is enabled by the use of conventional, positive dielectric anisotropy
nematic LCs (Δε > 0). In the applied dc �eld strengths examined here, the polymer stabilizing
network is su�ciently strong to enforce and retain the coupling of the alignment of the low-
molar-mass LC to the structural chirality of the polymer stabilizing network. Application of a
strong ac �eld can overcome the favorable interaction of the LC and the polymer network,
aligning the LC into the homeotropic orientation. We demonstrate pixelated addressability in
which four pixels can be distinctly recon�gured to exhibit an optically clear region adjacent to
pixels that exhibit red, green, and blue re�ections.

Results and Discussion

The material systems examined here is formulated with the chiral dopants and chiral LC
monomer (SL04151, AlphaMicron, Inc) illustrated in Scheme 1. Samples were prepared over a
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range of monomer concentrations based on either a negative dielectric nematic LC host MLC-
2079 (Merck) or a positive dielectric nematic LC host E7 (Merck). Polymer stabilization was
photoinitiated by Irgacure 369 (BASF). Evident in Figure 1a, in a composition containing 6 wt %
SL04151 employing the positive dielectric LC host E7, a large magnitude red shift in the
selective re�ection of the cholesteric LC is observable upon the application of a dc �eld. At the
appropriate ac �eld strengths necessary to overpower the alignment of the low-molar-mass LC
to the structurally chiral polymer network, the re�ection can be removed (Figure 1b). Complete
and repeatable switching was observed by the application of a 150 V (1 kHz) ac �eld with
concurrent application of a dc bias, yielding an optical element in which the re�ection can be
tuned and rapidly switched on and off.

Figure 1

Figure 1. (a) Red-shifting tuning of the selective re�ection of a PSCLC by the application of dc
voltage of 0, 30, 50, and 60 V dc. (b) Re�ection switching of the PSCLC band gap is induced by
the application of 150 V ac. (c) Recon�guration of the selective re�ection (tuning and switching)
is illustrated in sequential transmission spectra (i) 0, (ii) 40, (iii) 60, and (iv) 70 V dc. Re�ection
switching of (i−iv) was incuded with 150 V ac (1 kHz). See Movie 1 in the Supporting
Information. The sample was formulated by mixing 0.4 wt % I-369, 6 wt % SL04151, 3 wt %
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R1011, and 90.6 wt % E7 and prepared by exposing to 100 mW/cm  365 nm wavelength UV
light for 3 min.

Scheme 1

Scheme 1. Chemical Structures of the Photoinitiator (Irgacure 369), Chiral Dopants (R1011 and
R811), and a Chiral LC Monomer (SL04151) Employed in This Examination

Electro-optic control of the orientation of the LC molecules is the basis of modes widely used to
regulate the transmission of light through color �lters to yield full color and high-resolution
displays. In Figure 2, a material composition is formulated and prepared to exhibit blue-shifting
tuning(31) of the re�ection. An alignment cell was constructed with four pixels, locally
addressable by a voltage source. The selective re�ection of the optical element is locally
recon�gured from the infrared (IR) (Figure 2a) to exhibit a single red pixel (Figure 2b), red and
green pixels (Figure 2c), red, green, and blue pixels (Figure 2d), and an optically clear
(homeotropic), red, green, and blue pixels (Figure 2e). As in Figure 1, the local control of the
re�ection color is governed by the magnitude of the dc �eld strength and the switchability is
enabled by the overlay of a 150 V (1 kHz) ac �eld to induce a homeotropic orientation. Upon the
removal of the �eld, the local optical properties within a pixel restored to the original selective
re�ection.

Figure 2

Figure 2. Control of color in PSCLC optical elements separated into four addressable pixels: (a) 0
V (IR), (b) 3 V dc was applied to the upper right pixel (red), (c) 6 V dc was concurrently applied to
the upper left pixel (green), (d) 9 V dc was concurrently applied to the bottom left pixel (blue),
and (e) 250 V ac (1 kHz) was applied to the bottom right pixel (homeotropic). The blue-shifting

2
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sample was formulated by mixing 1.5 wt % I-369, 6 wt % SL04151, 5 wt % R1011, 5 wt % R811,
and 82.5 wt % E7 and prepared by exposing to 250 mW/cm  UV light for 30 min.

Adjusting the preparation conditions (see Experimental Section) to prepare the PSCLCs
examined here and in our prior reports distinguishes the electro-optical output. By reducing the
photoinitiator concentration and preparing with a 3 min exposure of 100 mW/cm  UV light, the
PSCLC optical element now allows for electrical control of the bandwidth (Figure 3i–iv).
(3,19,32,33) Here, the application of 20 V dc (1.33 V/μm) causes a sevenfold increase in the
re�ection bandwidth. Once again, overlaying a 250 V (1 kHz) ac �eld allows for switchability of
the electrically induced broad re�ection (Figure 3v). This device is reticent to the use of
electrochromic materials in autodimming mirrors but switches faster with greater dexterity in
color control.

Figure 3

Figure 3. Concurrent switching and broadening of the selective re�ection of a PSCLC optical
element. (i) 0 V dc, (ii) 5 V dc, (iii) 10 V dc, (iv) 20 V dc, and (v) application of 250 V ac at 1 kHz
switches the alignment of the PSCLC to the homeotropic orientation from any of the states (i–
iv), removing the selective re�ection. This sample was formulated by mixing 1.5 wt % I-369, 6 wt
% RM82, 3 wt % R1011, and 89.5 wt % E7 and prepared by exposing to 150 mW/cm  UV light for
3 min.

The three examples hereto are based on a polymer stabilizing network composed of 6 wt %
monomer concentration, initiated with a 0.4–1.5 wt % photoinitiator, and subjected to various
UV exposures (intensity and duration). We conclude this study by illustrating the critical role of
monomer concentration in realizing the electro-optic recon�gurability reported here. As evident
in Figure 4, increasing the concentration of the chiral liquid crystalline diacrylate monomer

2

2
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SLO4151 (Scheme 1) reduces the magnitude of the response and eventually mutes any
sensitivity of the material system to an applied dc or ac �eld. Evident in the results in Figure 4,
the strength of the polymer stabilizing network strongly in�uences the sensitivity of the optical
element to the magnitude of the applied electric �eld. Also evident in Figure 4d, the formation of
robust, highly cross-linked polymer networks at large monomer concentrations prevents an
observable optical response.

Figure 4

Figure 4. Red shift in the selective re�ection of the PSCLC optical elements with various polymer
concentrations: (a) 6, (b) 8, (c) 10, and (d) 30 wt % over the range of dc voltages up to 300 V.

The electro-optic response of the samples discussed hereto is summarized and contrasted in
Figure 5. Upon preparation, the PSCLCs exhibit uniform distribution in the pitch across the
sample thickness (previously measured via confocal microscopy(28)) (Figure 5a). From the
electro-optic responses evident in Figures 1–4, the deformation of the polymer network to an
applied �eld is strongly dependent on the preparation conditions of the samples, as detailed in a
parallel report.(31) It should be noted that in all cases detailed here, the optical properties of the
PSCLC return to the original selective re�ection upon removal of the applied electric �eld.

Figure 5
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Figure 5. Summary of the results presented here. (a) PSCLC samples are uniform in pitch length
across the 15 μm thickness. (b) For samples that exhibit bandwidth broadening, the structural
chirality of the polymer stabilizing network is linearly deformed across the sample thickness,
yielding a continuous distribution in pitch length. The pitch compresses near the negative
electrode and expands near the positive electrode. (c) For red-shifting tuning, the average pitch
length in the sample thickness is increased by the application of a dc voltage. (d) When the
materials chemistry has been adjusted via long duration UV exposure, the materials exhibit
blue-shifting tuning where the average pitch length is shortened. (e) Regardless of the nature of
the structural chirality and the response to an applied dc �eld, overlaying an ac �eld of su�cient
strength can enforce reorientation of the LC molecules into the homeotropic orientation (pitch
length goes to in�nity) into an optically clear state. Removing the ac �eld either restores the
elements to the (a) 0 V state or to the (b–d) speci�c optical output caused by the underlying dc
�eld.

In the results detailed in Figure 3, bandwidth broadening is observable when the pitch is
distorted nonuniformly across the sample thickness. Evident in the illustration and prior
characterization via confocal microscopy,(33) the local pitch is expanded near the positive
electrode, whereas the pitch near the negative electrode is compressed. The structurally chiral
polymer network in the case of the red- and blue-shifting elements is distinguished. In samples
that exhibit red shift, as illustrated and con�rmed in the confocal examination of pitch,(33) while
the pitch is expanded near the positive electrode and contracted near the negative electrode, the
pitch in the central 6–12 μm region of the sample is increased uniformly. Conversely, adjusting
the preparation conditions such that the samples are prepared with extensive UV irradiation so
as to induce blue shifting tuning, the average pitch is reduced by deformation, yielding a blue
shift in the selective re�ection.(31)

The sensitivity of the electro-optic response to the preparation conditions and photoinitiator
concentration have been detailed in a recent report.(31) Summarized here, photopolymerization
of the diacrylate monomers reaches full conversion in less than a minute of exposure. However,
evident in this report and our prior studies, extended UV irradiation differentiates the electro-
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optical response when photopolymerization is initiated with aminoketone photoinitiators such
as Irgacure 369. We have hypothesized that this associated with the postfunctionalization
(reaction) of the residual initiator and the polymer network. The morpholino group of Irgacure
369 is known to be an e�cient trap for cations, increasing the sensitivity of the polymer network
to ionic interaction. Further, heterogeneous distribution of these fragments across the sample
thickness could yield heterogeneous deformation that could explain the nuanced electro-optic
outputs we have observed.

Conclusions

This report details complete control of the spectral re�ection of cholesteric LCs, enabled by the
optimization of material concentration and preparation that allows for these devices to be
based on positive dielectric anisotropy LCs. Preparing these optical elements on this type of LC
allows for them to be reoriented to an applied ac �eld. Accordingly, the optical elements have
distinctive functional performance wherein the presence, position, and breadth of the selective
re�ection can be recon�gured. The dynamic control of the spectral content of these materials
can also be spatially manipulated. The material system reported here extend and open up new
application avenues for these materials spanning aerospace, consumer goods, architecture,
and sensing.

Experimental Section

Preparation of PSCLCs

Alignment cells were prepared from indium tin oxide-coated glass slides (Colorado Concepts).
The substrates were then cleansed in acetone and methanol and treated with oxygen plasma.
The substrates were subsequently coated with a polyimide alignment layer. The alignment
layers were rubbed with a cloth, and the cell was constructed to ensure a planar alignment
condition. The cell gap was controlled by mixing 15 μm thick glass rod spacers into an optical
adhesive. Samples were prepared by mixing 0.4–1.5 wt % of the photoinitiator Irgacure 369
(BASF), two right-handed chiral dopants (R1011 and R811, Merck), 6 wt % of an achiral LC
monomer (RM82, Merck) or a right-handed chiral LC monomer (SL04151, AlphaMicron, Inc.),
and a negative Δε (MLC-2079, Δε = -6.1, Δn = 0.15, T  = 102 °C at λ = 589 nm, Merck) or
positive Δε (E7/T  = 58 °C, Δε = 13.8, Δn = 0.2253 at λ = 589 nm, Merck) nematic LC. The
polymer stabilizing network was formed within the samples by photoinitiated polymerization
with 100–250 mW cm  of 365 nm light (Exfo) for 3–30 min. The photoinitiator concentration
and the duration of UV exposure is the primary differentiator for the electro-optic responses
reported here (red-shifting tuning, blue-shifting tuning, and bandwidth broadening). More
speci�cally, for PSCLCs to exhibit bandwidth broadening, a small amount of I-369 (0.4 wt % or
lower) is used to initiate polymerization, triggered by comparatively lower intensity light (here,
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100 mW/cm  for 3 min). To induce red-shifting tuning, we formulated the PSCLCs with 0.5–0.8
wt % I-369 and initiated polymerization with 100 mW/cm  for 5 min. Finally, blue-shifting tuning
was realized in PSCLC samples prepared with 1–1.5 wt % I-369 and initiated with comparatively
high intensity exposure, 250 mW/cm  for 30 min. To ensure homogeneous curing conditions,
the cell was rotated at an angular velocity of 2 Hz during polymerization. Although the samples
prepared with more traditional, one-sided curing exhibit electro-optic responses similar to that
reported here, the consistency and sample-to-sample repeatability are improved by rotating the
sample during curing. All materials were used as received without any puri�cation.

Experimental Setup and Measurements

Transmission spectra were collected with a �ber optic spectrometer. Unless otherwise
mentioned, the white light probe was right-handed circularly polarized. Transmission spectra
were collected before, during, and after the application of dc �elds with the scanning rate of 1 V
s  or directly applied to the target voltage.

Supporting Information

The Supporting Information is available free of charge on the ACS Publications website at DOI:
10.1021/acsomega.8b00453.

Summary of sample preparation conditions and control experiments comparing electro-
optic responses of PSCLCs (PDF)
Control of color in PSCLC optical elements (AVI)
(AVI)
(AVI)
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» ao8b00453_si_004.avi (3.31 MB)

Terms & Conditions

Most electronic Supporting Information �les are available without a subscription to ACS Web
Editions. Such �les may be downloaded by article for research use (if there is a public use
license linked to the relevant article, that license may permit other uses). Permission may be

2

2

2

–1

Jump To


  
 

https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453
https://pubs.acs.org/
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b00453
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_002.avi
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_003.avi
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_004.avi
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_002.avi
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_003.avi
https://pubs.acs.org/doi/suppl/10.1021/acsomega.8b00453/suppl_file/ao8b00453_si_004.avi
https://pubs.acs.org/journal/acsodf


7/27/2021 Electrically Reconfigurable Liquid Crystalline Mirrors | ACS Omega

https://pubs.acs.org/doi/full/10.1021/acsomega.8b00453 11/16

obtained from ACS for other uses through requests via the RightsLink permission system:
http://pubs.acs.org/page/copyright/permissions.html.

Author Information

Corresponding Author

Timothy J. White - Air Force Research Laboratory, Materials & Manufacturing Directorate,
Wright-Patterson Air Force Base, Dayton, Ohio 45433-7750, United States; 

http://orcid.org/0000-0001-8006-7173; Email: Timothy.White.24@us.af.mil

Authors

Kyung Min Lee - Air Force Research Laboratory, Materials & Manufacturing Directorate,
Wright-Patterson Air Force Base, Dayton, Ohio 45433-7750, United States;  Azimuth
Corporation, 4134 Linden Avenue, Dayton, Ohio 45432, United States

Vincent P. Tondiglia - Air Force Research Laboratory, Materials & Manufacturing
Directorate, Wright-Patterson Air Force Base, Dayton, Ohio 45433-7750, United States; 
Azimuth Corporation, 4134 Linden Avenue, Dayton, Ohio 45432, United States

Notes

The authors declare no competing �nancial interest. 

Acknowledgments

The authors acknowledge funding from the Materials and Manufacturing Directorate of the Air
Force Research Laboratory.

References

This article references 34 other publications.

1. Kitzerow, H.-S.; Bahr, C. Chirality in Liquid Crystals; Springer-Verlag: New York, 2001. [Crossref], [Google Scholar]

2. Wu, S. T.; Yang, D.-K. Re�ective Liquid Crystal Displays; Wiley: West Sussex, UK, 2001. [Google Scholar]

3. Lee, K. M.; Tondiglia, V. P.; McConney, M. E.; Natarajan, L. V.; Bunning, T. J.; White, T. J. Color-tunable mirrors based

on electrically regulated bandwidth broadening in polymer-stabilized cholesteric liquid crystals. ACS Photonics 2014,

1, 1033– 1041,  DOI: 10.1021/ph500259h [ACS Full Text ], [Google Scholar]

Jump To

Jump To

Jump To


  
 

https://pubs.acs.org/page/copyright/permissions.html
http://orcid.org/0000-0001-8006-7173
mailto:Timothy.White.24@us.af.mil
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref1/cit1&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1007%2Fb97374
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2001&author=H.-S.+Kitzerow&author=C.+Bahr&title=Chirality+in+Liquid+Crystals
javascript:void(0);
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2001&author=S.+T.+Wu&author=D.-K.+Yang&title=Reflective+Liquid+Crystal+Displays
javascript:void(0);
https://pubs.acs.org/doi/10.1021/ph500259h
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2014&pages=1033-1041&author=K.+M.+Leeauthor=V.+P.+Tondigliaauthor=M.+E.+McConneyauthor=L.+V.+Natarajanauthor=T.+J.+Bunningauthor=T.+J.+White&title=Color-tunable+mirrors+based+on+electrically+regulated+bandwidth+broadening+in+polymer-stabilized+cholesteric+liquid+crystals&doi=10.1021%2Fph500259h
https://pubs.acs.org/journal/acsodf


7/27/2021 Electrically Reconfigurable Liquid Crystalline Mirrors | ACS Omega

https://pubs.acs.org/doi/full/10.1021/acsomega.8b00453 12/16

4. Yang, D. K.; Doane, J. W.; Yaniv, Z.; Glasser, J. Cholesteric re�ective display: drive scheme and contrast. Appl. Phys.

Lett. 1994, 64, 1905– 1907,  DOI: 10.1063/1.111738 [Crossref], [Google Scholar]

5. Yang, D.-K.; West, J. L.; Chien, L.-C.; Doane, J. W. Control of re�ectivity and bistability in displays using cholesteric

liquid crystals. J. Appl. Phys. 1994, 76, 1331– 1333,  DOI: 10.1063/1.358518 [Crossref], [CAS], [Google Scholar]

6. Xu, M.; Yang, D.-K. Dual frequency cholesteric liquid crystals. Appl. Phys. Lett. 1997, 70, 720– 722, 

 DOI: 10.1063/1.118261 [Crossref], [Google Scholar]

7. Mitov, M.; Dessaud, N. Going beyond the re�ectance limit of cholesteric liquid crystals. Nat. Mater. 2006, 5, 361–

364,  DOI: 10.1038/nmat1619 [Crossref], [PubMed], [CAS], [Google Scholar]

8. Pindak, R. S.; Huang, C.-C.; Ho, J. T. Divergence of cholesteric pitch near a smectic-A transition. Phys. Rev. Lett.

1974, 32, 43,  DOI: 10.1103/physrevlett.32.43 [Crossref], [Google Scholar]

9. Huang, Y.; Zhou, Y.; Doyle, C.; Wu, S.-T. Tuning the photonic band gap in cholesteric liquid crystals by temperature-

dependent dopant solubility. Opt. Express 2006, 14, 1236– 1242,  DOI: 10.1364/oe.14.001236 [Crossref], [PubMed],

[CAS], [Google Scholar]

10. Natarajan, L. V.; Wofford, J. M.; Tondiglia, V. P.; Sutherland, R. L.; Koerner, H.; Vaia, R. A.; Bunning, T. J. Electro-

thermal tuning in a negative dielectric cholesteric liquid crystal material. J. Appl. Phys. 2008, 103, 093107, 

 DOI: 10.1063/1.2913326 [Crossref], [CAS], [Google Scholar]

11. McConney, M. E.; Tondiglia, V. P.; Hurtubise, J. M.; Natarajan, L. V.; White, T. J.; Bunning, T. J. Thermally Induced,

Multicolored Hyper-Re�ective Cholesteric Liquid Crystals. Adv. Mater. 2011, 23, 1453– 1457, 

 DOI: 10.1002/adma.201003552 [Crossref], [PubMed], [CAS], [Google Scholar]

12. McConney, M. E.; White, T. J.; Tondiglia, V. P.; Natarajan, L. V.; Yang, D.-k.; Bunning, T. J. Dynamic high contrast

re�ective coloration from responsive polymer/cholesteric liquid crystal architectures. Soft Matter 2012, 8, 318– 323, 

 DOI: 10.1039/c1sm05980g [Crossref], [Google Scholar]

13. Arsenault, A. C.; Puzzo, D. P.; Manners, I.; Ozin, G. A. Photonic-crystal full-colour displays. Nat. Photonics 2007, 1,

468– 472,  DOI: 10.1038/nphoton.2007.140 [Crossref], [CAS], [Google Scholar]


  
 

javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref4/cit4&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.111738
http://scholar.google.com/scholar_lookup?hl=en&volume=64&publication_year=1994&pages=1905-1907&author=D.+K.+Yangauthor=J.+W.+Doaneauthor=Z.+Yanivauthor=J.+Glasser&title=Cholesteric+reflective+display%3A+drive+scheme+and+contrast&doi=10.1063%2F1.111738
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref5/cit5&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.358518
https://pubs.acs.org/servlet/linkout?suffix=ref5/cit5&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADyaK2cXms1Omu74%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=76&publication_year=1994&pages=1331-1333&author=D.-K.+Yangauthor=J.+L.+Westauthor=L.-C.+Chienauthor=J.+W.+Doane&title=Control+of+reflectivity+and+bistability+in+displays+using+cholesteric+liquid+crystals&doi=10.1063%2F1.358518
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref6/cit6&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.118261
http://scholar.google.com/scholar_lookup?hl=en&volume=70&publication_year=1997&pages=720-722&author=M.+Xuauthor=D.-K.+Yang&title=Dual+frequency+cholesteric+liquid+crystals&doi=10.1063%2F1.118261
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref7/cit7&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1038%2Fnmat1619
https://pubs.acs.org/servlet/linkout?suffix=ref7/cit7&dbid=8&doi=10.1021%2Facsomega.8b00453&key=16604079
https://pubs.acs.org/servlet/linkout?suffix=ref7/cit7&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BD28XjvF2ltL4%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=2006&pages=361-364&author=M.+Mitovauthor=N.+Dessaud&title=Going+beyond+the+reflectance+limit+of+cholesteric+liquid+crystals&doi=10.1038%2Fnmat1619
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref8/cit8&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1103%2Fphysrevlett.32.43
http://scholar.google.com/scholar_lookup?hl=en&volume=32&publication_year=1974&pages=43&author=R.+S.+Pindakauthor=C.-C.+Huangauthor=J.+T.+Ho&title=Divergence+of+cholesteric+pitch+near+a+smectic-A+transition&doi=10.1103%2Fphysrevlett.32.43
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref9/cit9&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1364%2Foe.14.001236
https://pubs.acs.org/servlet/linkout?suffix=ref9/cit9&dbid=8&doi=10.1021%2Facsomega.8b00453&key=19503446
https://pubs.acs.org/servlet/linkout?suffix=ref9/cit9&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BD28XktVGjtLo%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=14&publication_year=2006&pages=1236-1242&author=Y.+Huangauthor=Y.+Zhouauthor=C.+Doyleauthor=S.-T.+Wu&title=Tuning+the+photonic+band+gap+in+cholesteric+liquid+crystals+by+temperature-dependent+dopant+solubility&doi=10.1364%2Foe.14.001236
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref10/cit10&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.2913326
https://pubs.acs.org/servlet/linkout?suffix=ref10/cit10&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BD1cXmtVChtbY%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=103&publication_year=2008&pages=093107&author=L.+V.+Natarajanauthor=J.+M.+Woffordauthor=V.+P.+Tondigliaauthor=R.+L.+Sutherlandauthor=H.+Koernerauthor=R.+A.+Vaiaauthor=T.+J.+Bunning&title=Electro-thermal+tuning+in+a+negative+dielectric+cholesteric+liquid+crystal+material&doi=10.1063%2F1.2913326
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref11/cit11&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1002%2Fadma.201003552
https://pubs.acs.org/servlet/linkout?suffix=ref11/cit11&dbid=8&doi=10.1021%2Facsomega.8b00453&key=21433112
https://pubs.acs.org/servlet/linkout?suffix=ref11/cit11&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC3MXjsleru74%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=23&publication_year=2011&pages=1453-1457&author=M.+E.+McConneyauthor=V.+P.+Tondigliaauthor=J.+M.+Hurtubiseauthor=L.+V.+Natarajanauthor=T.+J.+Whiteauthor=T.+J.+Bunning&title=Thermally+Induced%2C+Multicolored+Hyper-Reflective+Cholesteric+Liquid+Crystals&doi=10.1002%2Fadma.201003552
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref12/cit12&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1039%2Fc1sm05980g
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2012&pages=318-323&author=M.+E.+McConneyauthor=T.+J.+Whiteauthor=V.+P.+Tondigliaauthor=L.+V.+Natarajanauthor=D.-k.+Yangauthor=T.+J.+Bunning&title=Dynamic+high+contrast+reflective+coloration+from+responsive+polymer%2Fcholesteric+liquid+crystal+architectures&doi=10.1039%2Fc1sm05980g
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref13/cit13&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1038%2Fnphoton.2007.140
https://pubs.acs.org/servlet/linkout?suffix=ref13/cit13&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BD2sXpsVentrw%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2007&pages=468-472&author=A.+C.+Arsenaultauthor=D.+P.+Puzzoauthor=I.+Mannersauthor=G.+A.+Ozin&title=Photonic-crystal+full-colour+displays&doi=10.1038%2Fnphoton.2007.140
https://pubs.acs.org/journal/acsodf


7/27/2021 Electrically Reconfigurable Liquid Crystalline Mirrors | ACS Omega

https://pubs.acs.org/doi/full/10.1021/acsomega.8b00453 13/16

14. Yang, Y.-C.; Kee, C.-S.; Kim, J.-E.; Park, H. Y.; Lee, J.-C.; Jeon, Y.-J. Photonic defect modes of cholesteric liquid

crystals. Phys. Rev. E: Stat. Phys., Plasmas, Fluids, Relat. Interdiscip. Top. 1999, 60, 6852, 

 DOI: 10.1103/physreve.60.6852 [Crossref], [PubMed], [CAS], [Google Scholar]

15. Shibaev, P. V.; Kopp, V. I.; Genack, A. Z. Photonic Materials Based on Mixtures of Cholesteric Liquid Crystals with

Polymers. J. Phys. Chem. B 2003, 107, 6961– 6964,  DOI: 10.1021/jp0222189 [ACS Full Text ], [Google Scholar]

16. White, T. J.; McConney, M. E.; Bunning, T. J. Dynamic color in stimuli-responsive cholesteric liquid crystals. J.

Mater. Chem. 2010, 20, 9832,  DOI: 10.1039/c0jm00843e [Crossref], [CAS], [Google Scholar]

17. White, T. J.; Bricker, R. L.; Natarajan, L. V.; Tondiglia, V. P.; Green, L.; Li, Q.; Bunning, T. J. Electrically switchable,

photoaddressable cholesteric liquid crystal re�ectors. Opt. Express 2010, 18, 173– 178,  DOI: 10.1364/oe.18.000173

[Crossref], [PubMed], [CAS], [Google Scholar]

18. Lin, T.-H.; Jau, H.-C.; Chen, C.-H.; Chen, Y.-J.; Wei, T.; Chen, C.-W.; Fuh, A. Y.-G. Electrically controllable laser based

on cholesteric liquid crystal with negative dielectric anisotropy. Appl. Phys. Lett. 2006, 88, 061122, 

 DOI: 10.1063/1.2168259 [Crossref], [CAS], [Google Scholar]

19. Tondiglia, V. T.; Natarajan, L. V.; Bailey, C. A.; Duning, M. M.; Sutherland, R. L.; Ke-Yang, D.; Voevodin, A.; White, T.

J.; Bunning, T. J. Electrically induced bandwidth broadening in polymer stabilized cholesteric liquid crystals. J. Appl.

Phys. 2011, 110, 053109,  DOI: 10.1063/1.3632068 [Crossref], [CAS], [Google Scholar]

20. Yang, D.-K. Flexible bistable cholesteric re�ective displays. J. Disp. Technol. 2006, 2, 32– 37, 

 DOI: 10.1109/jdt.2005.861595 [Crossref], [Google Scholar]

21. Lu, M.-H. Bistable re�ective cholesteric liquid crystal display. J. Appl. Phys. 1997, 81, 1063– 1066, 

 DOI: 10.1063/1.363867 [Crossref], [CAS], [Google Scholar]

22. Li, C.-C.; Tseng, H.-Y.; Pai, T.-W.; Wu, Y.-C.; Hsu, W.-H.; Jau, H.-C.; Chen, C.-W.; Lin, T.-H. Bistable cholesteric liquid

crystal light shutter with multielectrode driving. Appl. Opt. 2014, 53, E33– E37 [Crossref], [PubMed], [Google Scholar]

23. Huang, C. Y.; Fu, K.-Y.; Lo, K.-Y.; Tsai, M.-S. Bistable trans�ective cholesteric light shutters. Opt. Express 2003, 11,

560– 565,  DOI: 10.1364/oe.11.000560 [Crossref], [Google Scholar]


  
 

javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref14/cit14&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1103%2Fphysreve.60.6852
https://pubs.acs.org/servlet/linkout?suffix=ref14/cit14&dbid=8&doi=10.1021%2Facsomega.8b00453&key=11970606
https://pubs.acs.org/servlet/linkout?suffix=ref14/cit14&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADyaK1MXotVWlurw%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=60&publication_year=1999&pages=6852&author=Y.-C.+Yangauthor=C.-S.+Keeauthor=J.-E.+Kimauthor=H.+Y.+Parkauthor=J.-C.+Leeauthor=Y.-J.+Jeon&title=Photonic+defect+modes+of+cholesteric+liquid+crystals&doi=10.1103%2Fphysreve.60.6852
javascript:void(0);
https://pubs.acs.org/doi/10.1021/jp0222189
http://scholar.google.com/scholar_lookup?hl=en&volume=107&publication_year=2003&pages=6961-6964&author=P.+V.+Shibaevauthor=V.+I.+Koppauthor=A.+Z.+Genack&title=Photonic+Materials+Based+on+Mixtures+of+Cholesteric+Liquid+Crystals+with+Polymers&doi=10.1021%2Fjp0222189
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref16/cit16&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1039%2Fc0jm00843e
https://pubs.acs.org/servlet/linkout?suffix=ref16/cit16&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC3cXhtlKjtL7J
http://scholar.google.com/scholar_lookup?hl=en&volume=20&publication_year=2010&pages=9832&author=T.+J.+Whiteauthor=M.+E.+McConneyauthor=T.+J.+Bunning&title=Dynamic+color+in+stimuli-responsive+cholesteric+liquid+crystals&doi=10.1039%2Fc0jm00843e
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref17/cit17&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1364%2Foe.18.000173
https://pubs.acs.org/servlet/linkout?suffix=ref17/cit17&dbid=8&doi=10.1021%2Facsomega.8b00453&key=20173836
https://pubs.acs.org/servlet/linkout?suffix=ref17/cit17&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC3cXmtlCktg%253D%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=18&publication_year=2010&pages=173-178&author=T.+J.+Whiteauthor=R.+L.+Brickerauthor=L.+V.+Natarajanauthor=V.+P.+Tondigliaauthor=L.+Greenauthor=Q.+Liauthor=T.+J.+Bunning&title=Electrically+switchable%2C+photoaddressable+cholesteric+liquid+crystal+reflectors&doi=10.1364%2Foe.18.000173
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref18/cit18&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.2168259
https://pubs.acs.org/servlet/linkout?suffix=ref18/cit18&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BD28XitVCis78%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=88&publication_year=2006&pages=061122&author=T.-H.+Linauthor=H.-C.+Jauauthor=C.-H.+Chenauthor=Y.-J.+Chenauthor=T.+Weiauthor=C.-W.+Chenauthor=A.+Y.-G.+Fuh&title=Electrically+controllable+laser+based+on+cholesteric+liquid+crystal+with+negative+dielectric+anisotropy&doi=10.1063%2F1.2168259
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref19/cit19&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.3632068
https://pubs.acs.org/servlet/linkout?suffix=ref19/cit19&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC3MXhtFyjtbzK
http://scholar.google.com/scholar_lookup?hl=en&volume=110&publication_year=2011&pages=053109&author=V.+T.+Tondigliaauthor=L.+V.+Natarajanauthor=C.+A.+Baileyauthor=M.+M.+Duningauthor=R.+L.+Sutherlandauthor=D.+Ke-Yangauthor=A.+Voevodinauthor=T.+J.+Whiteauthor=T.+J.+Bunning&title=Electrically+induced+bandwidth+broadening+in+polymer+stabilized+cholesteric+liquid+crystals&doi=10.1063%2F1.3632068
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref20/cit20&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1109%2Fjdt.2005.861595
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=2006&pages=32-37&author=D.-K.+Yang&title=Flexible+bistable+cholesteric+reflective+displays&doi=10.1109%2Fjdt.2005.861595
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref21/cit21&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.363867
https://pubs.acs.org/servlet/linkout?suffix=ref21/cit21&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADyaK2sXptVKmtw%253D%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=81&publication_year=1997&pages=1063-1066&author=M.-H.+Lu&title=Bistable+reflective+cholesteric+liquid+crystal+display&doi=10.1063%2F1.363867
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref22/cit22&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1364%2FAO.53.000E33
https://pubs.acs.org/servlet/linkout?suffix=ref22/cit22&dbid=8&doi=10.1021%2Facsomega.8b00453&key=25090351
http://scholar.google.com/scholar_lookup?hl=en&volume=53&publication_year=2014&pages=E33-E37&author=C.-C.+Liauthor=H.-Y.+Tsengauthor=T.-W.+Paiauthor=Y.-C.+Wuauthor=W.-H.+Hsuauthor=H.-C.+Jauauthor=C.-W.+Chenauthor=T.-H.+Lin&title=Bistable+cholesteric+liquid+crystal+light+shutter+with+multielectrode+driving
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref23/cit23&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1364%2Foe.11.000560
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2003&pages=560-565&author=C.+Y.+Huangauthor=K.-Y.+Fuauthor=K.-Y.+Loauthor=M.-S.+Tsai&title=Bistable+transflective+cholesteric+light+shutters&doi=10.1364%2Foe.11.000560
https://pubs.acs.org/journal/acsodf


7/27/2021 Electrically Reconfigurable Liquid Crystalline Mirrors | ACS Omega

https://pubs.acs.org/doi/full/10.1021/acsomega.8b00453 14/16

24. Lin, F.-C.; Lee, W. Color-re�ective dual frequency cholesteric liquid crystal displays and their drive schemes..

Appl. Phys. Express 2011, 4, 112201,  DOI: 10.1143/apex.4.112201 [Crossref], [CAS], [Google Scholar]

25. Kumar, P.; Kang, S.-W.; Lee, S. H. Advanced bistable cholesteric light shutter with dual frequency nematic liquid

crystal. Opt. Mater. Express 2012, 2, 1121– 1134,  DOI: 10.1364/ome.2.001121 [Crossref], [CAS], [Google Scholar]

26. Wen, C.-H.; Wu, S.-T. Dielectric heating effects of dual-frequency liquid crystals. Appl. Phys. Lett. 2005, 86,

231104,  DOI: 10.1063/1.1944889 [Crossref], [Google Scholar]

27. Lee, K. M.; Tondiglia, V. P.; White, T. J. Bistable switching of polymer stabilized cholesteric liquid crystals between

transparent and scattering modes. MRS Commun. 2015, 5, 223– 227,  DOI: 10.1557/mrc.2015.40 [Crossref],

[CAS], [Google Scholar]

28. Lee, K. M.; Tondiglia, V. P.; Lee, T.; Smalyukh, I. I.; White, T. J. Large range electrically-induced re�ection notch

tuning in polymer stabilized cholesteric liquid crystals. J. Mater. Chem. C 2015, 3, 8788– 8793, 

 DOI: 10.1039/c5tc01320h [Crossref], [CAS], [Google Scholar]

29. McConney, M. E.; Tondiglia, V. P.; Natarajan, L. V.; Lee, K. M.; White, T. J.; Bunning, T. J. Electrically induced color

changes in polymer-stabilized cholesteric liquid crystals. Adv. Opt. Mater. 2013, 1, 417– 421, 

 DOI: 10.1002/adom.201300111 [Crossref], [Google Scholar]

30. White, T. J.; Lee, K. M.; McConney, M. E.; Tondiglia, V. P.; Natarajan, L. V.; Bunning, T. J. Stimuli-Responsive

Cholesteric Liquid Crystal Composites for Optics and Photonics. SID Int. Symp. Dig. Tech. Pap. 2014, 45, 555– 558, 

 DOI: 10.1002/j.2168-0159.2014.tb00145.x [Crossref], [Google Scholar]

31. Lee, K. M.; Tondiglia, V. P.; Godman, N. P.; Middleton, C. M.; White, T. J. Blue-shifting Tuning of the Selective

Re�ection of Polymer Stabilized Cholesteric Liquid Crystals. Soft Matter 2017, 13, 5842– 5848, 

 DOI: 10.1039/c7sm01190c [Crossref], [Google Scholar]

32. Tondiglia, V. P.; Natarajan, L. V.; Bailey, C. A.; McConney, M. E.; Lee, K. M.; Bunning, T. J.; Zola, R.; Nemati, H.; Yang,

D.-K.; White, T. J. Bandwidth broadening induced by ionic interactions in polymer stabilized cholesteric liquid crystals.

Opt. Mater. Express 2014, 4, 1465– 1472,  DOI: 10.1364/ome.4.001465 [Crossref], [CAS], [Google Scholar]


  
 

javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref24/cit24&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1143%2Fapex.4.112201
https://pubs.acs.org/servlet/linkout?suffix=ref24/cit24&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC3MXhs1ahsL7K
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=2011&pages=112201&author=F.-C.+Linauthor=W.+Lee&title=Color-reflective+dual+frequency+cholesteric+liquid+crystal+displays+and+their+drive+schemes.&doi=10.1143%2Fapex.4.112201
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref25/cit25&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1364%2Fome.2.001121
https://pubs.acs.org/servlet/linkout?suffix=ref25/cit25&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC38XhtFGgtLzO
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=2012&pages=1121-1134&author=P.+Kumarauthor=S.-W.+Kangauthor=S.+H.+Lee&title=Advanced+bistable+cholesteric+light+shutter+with+dual+frequency+nematic+liquid+crystal&doi=10.1364%2Fome.2.001121
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref26/cit26&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1063%2F1.1944889
http://scholar.google.com/scholar_lookup?hl=en&volume=86&publication_year=2005&pages=231104&author=C.-H.+Wenauthor=S.-T.+Wu&title=Dielectric+heating+effects+of+dual-frequency+liquid+crystals&doi=10.1063%2F1.1944889
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref27/cit27&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1557%2Fmrc.2015.40
https://pubs.acs.org/servlet/linkout?suffix=ref27/cit27&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC2MXhtFGmur3O
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=2015&pages=223-227&author=K.+M.+Leeauthor=V.+P.+Tondigliaauthor=T.+J.+White&title=Bistable+switching+of+polymer+stabilized+cholesteric+liquid+crystals+between+transparent+and+scattering+modes&doi=10.1557%2Fmrc.2015.40
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref28/cit28&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1039%2Fc5tc01320h
https://pubs.acs.org/servlet/linkout?suffix=ref28/cit28&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC2MXht12rsrjP
http://scholar.google.com/scholar_lookup?hl=en&volume=3&publication_year=2015&pages=8788-8793&author=K.+M.+Leeauthor=V.+P.+Tondigliaauthor=T.+Leeauthor=I.+I.+Smalyukhauthor=T.+J.+White&title=Large+range+electrically-induced+reflection+notch+tuning+in+polymer+stabilized+cholesteric+liquid+crystals&doi=10.1039%2Fc5tc01320h
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref29/cit29&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1002%2Fadom.201300111
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2013&pages=417-421&author=M.+E.+McConneyauthor=V.+P.+Tondigliaauthor=L.+V.+Natarajanauthor=K.+M.+Leeauthor=T.+J.+Whiteauthor=T.+J.+Bunning&title=Electrically+induced+color+changes+in+polymer-stabilized+cholesteric+liquid+crystals&doi=10.1002%2Fadom.201300111
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref30/cit30&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1002%2Fj.2168-0159.2014.tb00145.x
http://scholar.google.com/scholar_lookup?hl=en&volume=45&publication_year=2014&pages=555-558&author=T.+J.+Whiteauthor=K.+M.+Leeauthor=M.+E.+McConneyauthor=V.+P.+Tondigliaauthor=L.+V.+Natarajanauthor=T.+J.+Bunning&title=Stimuli-Responsive+Cholesteric+Liquid+Crystal+Composites+for+Optics+and+Photonics&doi=10.1002%2Fj.2168-0159.2014.tb00145.x
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref31/cit31&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1039%2Fc7sm01190c
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=2017&pages=5842-5848&author=K.+M.+Leeauthor=V.+P.+Tondigliaauthor=N.+P.+Godmanauthor=C.+M.+Middletonauthor=T.+J.+White&title=Blue-shifting+Tuning+of+the+Selective+Reflection+of+Polymer+Stabilized+Cholesteric+Liquid+Crystals&doi=10.1039%2Fc7sm01190c
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref32/cit32&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1364%2Fome.4.001465
https://pubs.acs.org/servlet/linkout?suffix=ref32/cit32&dbid=32&doi=10.1021%2Facsomega.8b00453&key=1%3ACAS%3A528%3ADC%252BC2cXhvV2jur%252FP
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=2014&pages=1465-1472&author=V.+P.+Tondigliaauthor=L.+V.+Natarajanauthor=C.+A.+Baileyauthor=M.+E.+McConneyauthor=K.+M.+Leeauthor=T.+J.+Bunningauthor=R.+Zolaauthor=H.+Nematiauthor=D.-K.+Yangauthor=T.+J.+White&title=Bandwidth+broadening+induced+by+ionic+interactions+in+polymer+stabilized+cholesteric+liquid+crystals&doi=10.1364%2Fome.4.001465
https://pubs.acs.org/journal/acsodf


7/27/2021 Electrically Reconfigurable Liquid Crystalline Mirrors | ACS Omega

https://pubs.acs.org/doi/full/10.1021/acsomega.8b00453 15/16

33. Nemati, H.; Liu, S.; Zola, R. S.; Tondiglia, V. P.; Lee, K. M.; White, T.; Bunning, T.; Yang, D.-K. Mechanism of

electrically induced photonic band gap broadening in polymer stabilized cholesteric liquid crystals with negative

dielectric anisotropies. Soft Matter 2015, 11, 1208– 1213,  DOI: 10.1039/c4sm02283a [Crossref], [Google Scholar]

34. Lee, K. M.; Tondiglia, V. P.; White, T. J. Photosensitivity of Re�ection Notch Tuning and Broadening in Polymer

Stabilized Cholesteric Liquid Crystals. Soft Matter 2016, 12, 1256– 1261,  DOI: 10.1039/c5sm01985k

[Crossref], [Google Scholar]

Cited By

This article is cited by 7 publications.

1. Sara Grecchi, Serena Arnaboldi, Simona Rizzo, Patrizia Romana Mussini. Advanced chiral molecular media for
enantioselective electrochemistry and electroanalysis. Current Opinion in Electrochemistry 2021, 8 , 100810.
https://doi.org/10.1016/j.coelec.2021.100810

2. Arne A. F. Froyen, Michael Wübbenhorst, Danqing Liu, Albert P. H. J. Schenning. Electrothermal Color Tuning of
Cholesteric Liquid Crystals Using Interdigitated Electrode Patterns. Advanced Electronic Materials 2021, 7 (2) ,
2000958. https://doi.org/10.1002/aelm.202000958

3. Kyung M. Lee, Timothy J. Bunning, Timothy J. White, Michael E. McConney, Nicholas P. Godman. Effect of Ion
Concentration on the Electro-Optic Response in Polymer-Stabilized Cholesteric Liquid Crystals. Crystals 2021, 11
(1) , 7. https://doi.org/10.3390/cryst11010007

4. Brian P. Radka, Brent E. King, Michael E. McConney, Timothy J. White. Electrically Induced Splitting of the
Selective Re�ection in Polymer Stabilized Cholesteric Liquid Crystals. Advanced Optical Materials 2020, 8 (19) ,
2000914. https://doi.org/10.1002/adom.202000914

5. Rijeesh Kizhakidathazhath, Yong Geng, Venkata Subba Rao Jampani, Cyrine Charni, Anshul Sharma, Jan P. F.
Lagerwall. Facile Anisotropic Deswelling Method for Realizing Large‐Area Cholesteric Liquid Crystal Elastomers
with Uniform Structural Color and Broad‐Range Mechanochromic Response. Advanced Functional Materials 2020,
30 (7) , 1909537. https://doi.org/10.1002/adfm.201909537

6. Kyung Min Lee, Ecklin P. Crenshaw, Mariacristina Rumi, Timothy J. White, Timothy J. Bunning, Michael E.
McConney. Effect of Cell Thickness on the Electro-optic Response of Polymer Stabilized Cholesteric Liquid
Crystals with Negative Dielectric Anisotropy. Materials 2020, 13 (3) , 746. https://doi.org/10.3390/ma13030746

7. Michelle T. Brannum, Aubrey M. Steele, Maxwell C. Venetos, LaShanda T. J. Korley, Gary E. Wnek, Timothy J.
White. Light Control with Liquid Crystalline Elastomers. Advanced Optical Materials 2019, 7 (6) , 1801683.
https://doi.org/10.1002/adom.201801683


  
 

javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref33/cit33&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1039%2Fc4sm02283a
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2015&pages=1208-1213&author=H.+Nematiauthor=S.+Liuauthor=R.+S.+Zolaauthor=V.+P.+Tondigliaauthor=K.+M.+Leeauthor=T.+Whiteauthor=T.+Bunningauthor=D.-K.+Yang&title=Mechanism+of+electrically+induced+photonic+band+gap+broadening+in+polymer+stabilized+cholesteric+liquid+crystals+with+negative+dielectric+anisotropies&doi=10.1039%2Fc4sm02283a
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref34/cit34&dbid=16&doi=10.1021%2Facsomega.8b00453&key=10.1039%2Fc5sm01985k
http://scholar.google.com/scholar_lookup?hl=en&volume=12&publication_year=2016&pages=1256-1261&author=K.+M.+Leeauthor=V.+P.+Tondigliaauthor=T.+J.+White&title=Photosensitivity+of+Reflection+Notch+Tuning+and+Broadening+in+Polymer+Stabilized+Cholesteric+Liquid+Crystals&doi=10.1039%2Fc5sm01985k
https://doi.org/10.1016/j.coelec.2021.100810
https://doi.org/10.1002/aelm.202000958
https://doi.org/10.3390/cryst11010007
https://doi.org/10.1002/adom.202000914
https://doi.org/10.1002/adfm.201909537
https://doi.org/10.3390/ma13030746
https://doi.org/10.1002/adom.201801683
https://pubs.acs.org/journal/acsodf


7/27/2021 Electrically Reconfigurable Liquid Crystalline Mirrors | ACS Omega

https://pubs.acs.org/doi/full/10.1021/acsomega.8b00453 16/16

Partners

1155 Sixteenth Street N.W.
Washington, DC 20036

Copyright © 2021 
American Chemical Society

About

About ACS Publications
ACS & Open Access

ACS Membership

Resources and
Information

Journals A-Z
Books and Reference
Advertising Media Kit

Institutional Sales
ACS Publishing Center

Privacy Policy
Terms of Use

Support & Contact

Help
Live Chat

FAQ

Connect with ACS Publications

        


  
 

http://www.atypon.com/
http://www.chorusaccess.org/
http://publicationethics.org/
http://www.projectcounter.org/
http://www.crossref.org/
http://www.crossref.org/crosscheck/index.html
http://www.orcid.org/
http://www.portico.org/
https://pubs.acs.org/
http://www.acs.org/content/acs/en/copyright.html
https://pubs.acs.org/page/about-us.html
http://acsopenscience.org/
https://www.acs.org/content/acs/en/membership/member-benefits/publications-discounts.html
https://pubs.acs.org/action/showPublications?pubType=journal
https://pubs.acs.org/action/showPublications?pubType=book
http://acsmediakit.org/digital/acs-pubs/?utm_source=Footer&utm_medium=Pubs&utm_campaign=CEN
https://solutions.acs.org/
https://publish.acs.org/publish/
http://www.acs.org/content/acs/en/privacy.html
https://www.acs.org/content/acs/en/terms.html
https://acs.service-now.com/acs
https://acs.service-now.com/acs
https://preferences.acspubs.org/journals
https://www.facebook.com/ACSPublications/
https://twitter.com/ACSPublications
https://www.youtube.com/user/AmerChemSoc
https://pubs.acs.org/page/follow.html?widget=follow-pane-rss
https://pubs.acs.org/journal/acsodf

