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Fig. 1. A collage of (1) the ring-shaped x-ray diffraction pattern documenting isotropic nanostructure and (2)
a superimposed light and electron micrograph showing the quasi-random arrangement of air bubbles in
feather keratin within the amorphous biophotonic nanostructure in the spongy medullary feather barbs re-
sponsible for the vivid turquoise blue color of Plum-throated Cotinga (Cotinga maynana). Collage by Vinod
Saranathan, photograph of Plum-throated Cotinga (by Thomas Valqui.
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the incident angle, improving transmis-
sion through the optical fibers used in
telephone and internet communication.

The short-range quasi-order of the
nanostructures causes them to double-
scatter light. The researchers found that
double scattering produces two re-
flectance peaks — one in the visible
spectrum and one in the ultraviolet —
that is perceived by birds. The role this
ultraviolet plumage plays in avian com-
munication is still being studied. 

To understand the formation of the
nanostructures, the team compared the
scattering results from the feathers to
those of synthetic materials self-assem-
bled through two methods of phase
separation: spinodal decomposition and
nucleation-and-growth. Spinodal de-
composition is the unmixing of an un-
stable molecular mixture that creates
channels with fractal-like patterns. Nu-
cleation-and-growth is the unmixing of
a meta-stable molecular mixture that
creates spherical droplets. 

The scattering profiles from the
spinodally decomposed materials
agreed with those of the avian channel
nanostructures. Similarly, the profiles of
the nucleated-and-grown materials
agreed with those of the avian sphere
nanostructures. The similarities of the
scattering profiles support the hypothe-
sis that feather nanostructures self-as-
semble by arrested phase separation of
the beta-keratin from the cells' cyto-
plasm.

However, the team cautions that
the similarities between the avian
nanostructures and the synthetics are
insufficient evidence to conclude that
their method of formation is the same.
While the hypothesis that feather barb
nanostructures form through phase
separation is undergoing further testing,

these data suggest that phase separa-
tion of synthetics could be used to man-
ufacture photonic devices with the
desirable omnidirectional optical prop-
erties of the feather nanostructures. 

— Mary Alexandra Agner
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Bird feathers consist of a rachis, or
primary shaft, from which numerous
barbs branch. Barbs are colored by pig-
ment, structure, or a combination of the
two. Barb pigment molecules absorb
and re-emit light, producing a color de-
termined by the density and shape of
the pigment molecule. Structural colors
are produced by the scattering of light
at the boundaries between two materi-
als with differing refractive indices. The
barb nanostructures are made of beta-
keratin proteins pleated into sheets and
include hollow areas shaped like
spheres or channels; they also include
pigment granules filled with melanin.
Pigments and structural colors interact
to produce colors in tandem when light
passes through a layer of pigment mol-
ecules prior to scattering off a layer of
nanostructures. Many shades of non-iri-
descent green result from the interac-
tion of yellow pigment with a structural
green layer.

Scientists from Yale University and
Donostia International Physics Center
(Spain) utilized synchrotron small-angle
x-ray scattering (SAXS) at 8-ID-I to ex-
amine 297 distinctly colored feathers
from 230 species belonging to 163 gen-
era in 51 avian families. The scattering
results showed three basic nanostruc-
tures: spheres, channels, and disor-
dered networks. The nanostructures
were quasi-ordered over short dis-
tances (hundreds of nanometers), re-
sulting in scattering at the same
wavelength in all directions. For a
human engaged in bird-watching, this
means the color of the feathers is the
same no matter the angle or lighting
conditions under which they spot the
bird. For an engineer, recreating this
omnidirectional quality in synthetic ma-
terials means reflecting light no matter

T he vivid blue and green non-iridescent hues of bird plumage are produced
by the nanostructure of feathers, unlike much of the avian palette, which is
a product of pigmentation. The unique, saturated colors produced by these

nanostructures are part of the vital information communicated between birds by
their plumage, including breeding status and camouflaging displays. Research uti-
lizing the XSD 8-ID-I beamline of the APS to examine bird feathers at nanometer
resolution investigated the ability of these structures to scatter the same color light
in multiple directions and establishes a case for bio-mimicking them to manufacture
components for devices that benefit from omnidirectional optical properties, such
as optical disc drives and fiber-optic cables.
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