
Direct-write optical polarizers built from
charge-transfer liquid crystals

Madeline Van Winklet2, Hoke Wallace2, David A. Scrymgeour1, Joseph J. Reczek2 & Bryan Kaehr1

1. Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM
2. The Department of Chemistry and Biochemistry, Denison University, Granville, OH

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology &

Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S.

Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.

SAND2018-11444C

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.



Liquid crystals are a ubiquitous optical technology

Chemical structure of N-(4-
Methoxybenzylidene)-4-butylaniline (MBBA)

Liquid crystal displays

1.Polarizer with a vertical axis to polarize light as it enters.
2.Glass substrate with transparent electrodes . The shapes of these electrodes
will determine the shapes that will appear when the LCD is switched ON.
3.Twisted nematic liquid crystal.
4.Glass substrate with common electrode film (ITO) with horizontal ridges to
line up with the horizontal filter.
5.Polarizing filter film with a horizontal axis to block/pass light.
6.Reflective surface to send light back to viewer.

Cji-wid 43' OLCD

alignment in the smectic phases

4.T DLCD with lúmrn band radius Curved 12.1' OLC D

Source: wikipedia.org
FlexEnable's glass-free organic LCD (OLCD)



Printable, flexible, large-area electronics

Flexible electronics: Flexible, light and thin, robust, cost, innovation and prototyping
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Organic photovoltaics, OLEDs (lighting, displays), (bio)sensors, distributed intelligent systems



Charge mobility
Time Of Flight (TOF)
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Reczek Lab (Denison): Aromatic-Aromatic Donor-Acceptor Interactions
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DAN:NDI

e- poor

naphthalenediimide
(NDI)

e- rich

1,5-dialkoxynaphthalene

(DAN)

Tuning the Charge-Transfer Absorbance of DACLCs

411111110

DACLC

Reczek, J. J., et. al., J. Am. Chem. Soc. 2006, 128, 7995-8002

Donor-acceptor columnar liquid crystals
(DACLCs): Self assembling 1D structures
comprised of electron-rich and electron poor
molecular precursors
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DACLCs optical/electronic properties result from charge-
transfer energy band following assembly and can be
modulated via pendant groups to tune, for example,
bandgap.



Kaehr Lab (Sandia): Laser direct write (LDW) of metals, metal oxides, semiconductors, graded materials...
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Laser light interactions with DACLC films

Region of horizontally aligned DACLC film
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Dichroic/Piezoelectric Properties of DACLC films

Dichroic
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Process for rewritable dichroic materials
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➢ Writing rate does not affect phase identity
Powder XRD of films shows written regions that are isotropic
verses re-aligned have the same phase structure.
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Obiective

DACLC Reconfigurable Optical Polarizers

(a)
Aligned DACLC layer Laser melted
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Laser heating is used to induce a
directional thermal gradient that results
in an ability to orient DACLCs into
patterned regions of dichroic films. Fast
cooling results in isotropic regions.
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DACLC Reconfigurable Optical Polarizers

(a)

laser oriented film
left . > right

(strongly dichroic)
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DACLC Reconfigurable Optical Polarizers
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DACLC layer

oriented film

write pattern 1
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Controlling Pixel Alignment

Nanoscribe

Hatching

Varying hatching angle from 0-175°
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Original image

No polarizer
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Key

Mask

Mask 2

Image encryption
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Conclusions

• Demonstration of an optical write/rewrite (OWR) material system comprised of modular, donor acceptor
columnar (piezoelectric) liquid crystals.

• Laser-directed assembly combined with the self-healing characteristics of DACLCs provide for limitless
rewriting.

• High dichroic ratio provides analogue-like readout. Using polarization-dependent transmittance coupled with the
ability to define the input polarization orientation increases the possible permutations for a patterned area
advantageous for data storage, authentication and cryptography applications.
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