PHYS 19X

Researchers develop non-iridescent,
structural, full-spectrum pigments for
reflective displays

February 20 2014

Free of dyes but colorful: A team of American and Korean researchers is
the first to develop non-iridescent, structural, full-spectrum pigments,
whose color is independent of the viewing angle, for use in reflective
displays. The researchers reveal the secret of their success in the journal
Angewandte Chemie: their "photonic pigments" are microcapsules filled
with densely packed core—shell colloidal particles.

Conventional coloring agents have a variety of disadvantages: organic
dyes tend to fade; inorganic pigments are often based on toxic heavy
metals such as chromium. The color we see results from the absorption
of a portion of the visible light spectrum. The reflected portions add to
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the color observed. Another way to produce color that works without
absorption is widely found in nature — in butterflies, for example.

Arrays of nanoscopic particles can appear to be colored as a result of
wavelength-dependent optical interference, refraction, and light
scattering. The color depends on the size of the particles. However, such
structural pigments iridesce, meaning that the observed color varies in
accordance with the angle of illumination or the viewing angle. In
displays and many other applications, this would naturally be very
annoying. The high degree of order in the particles of the crystal lattice
contributes to this problem. It is thus desirable to have the particles in a
noncrystalline, amorphous arrangement, which is very difficult to
achieve. In addition, amorphous structural pigments have thus far had
very unsatisfactory color saturation caused by so called multiple
scattering. A second type of undesired scattering, so-called incoherent
scattering, contributes to a blueish background color that makes it
difficult to produce a full spectrum of colors, particularly red.

A team from Harvard University (USA), the Korea Advanced Institute
of Science and Technology, and the Korea Electronics Technology
Institute has now solved these problems. Their success is due to
microcapsules packed with nanoscopic polymer spheres whose core and
shell are made of two different polymers. Led by Vinothan N.
Manoharan, the scientists designed the shells to have the same refractive
index as the surrounding aqueous medium. The light is thus only
scattered by the cores, whose size and distance from each other
determine the scattering properties. In a dense packing arrangement, the
distance between cores can be determined by the thickness of the shells.
If the cores are very small and the shells relatively thick, the undesired
types of scattering can be minimized while the desired coherent
scattering that is responsible for the structural color dominates.

By using a microfluidic technique, tiny droplets of an aqueous
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suspension of the core—shell particles are coated with a thin film of oil.
They are then shrunken through osmosis until the particles adopt a
densely packed arrangement. The soft polymer shells of the particles
prevent crystallization. In the last step, the oil film is cured with UV light
to make delicate, transparent, capsules.

The color of the novel structural pigments can be varied over the entire
spectrum by changing the distances of the particle cores from each other
by means of the thickness of the shells. The goal is to use these new
nanoparticles in reflective displays.

More information: "Full-Spectrum Photonic Pigments with Non-
iridescent Structural Colors through Colloidal Assembly." Angewandte
Chemie International Edition, Permalink to the article:
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