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Structural coloration in pheasant feather: investigation on the effects of
thin cortex via focused ion beam sectioning

A A

AlS=@AMH), 5 @A), ZXI2@MH), ES2HEMH), S A (M)

HE X} - K|S 2
St 22 2t sy

jigrace@yonsei.ac.kr

SH2SIN| A5t y

Korean Society of Microscopy

00[]Q%




sa5i0| 255

Korean Society of Microscopy

———— 2021 g==
[. Introduction - ' ZAstans | 8

KOREAN
Ad0OSOUDIN

Characteristics of structural colors in nature

* Reflection based coloration using nano-
photonic structures

* Birilliant colors under sun light exposure
* Eco-friend color generation
* Need to understand how nature embodies

colors
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Optical and Structural properties of pheasant feathers

Measured reflectance via Cary 5000 Backscattered Electron Imaging
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Simulation studies based on FDTD method

Calculated model Calculated reflectance for Calculated reflectance according to
the blue feather the cortex thickness variation
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Perhaps, the cortex thickness
Is the most significant
parameter to determine the
color of the feather
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Simulation studies based on FDTD method

Melanosome arrays in the Keratin matrix
0.11

0.088

0.066 ° There are regions (range of
thickness) which exhibit strong
reflection and red shift with the

0.044 thickness increase (Red dotted
box).

 As the cortex thickness increase,
these regions will be seen
repetitively.
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II. Results 2. FDTD simulation

Simulation studies based on FDTD method

Thin Cortex on top of the Melanosomes in the Keratin matrix
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0.24 0.24 0.24 [ —t_.=0m
0.20 0.20 020}
g 0.16 ' g 0.16 § 0.16 }
.g 0.12 g 0.12 g 0.12} 0000
o} ' o} [0] I
D 008 % 0.08 T 008 -\/\/\
o 4 14 i
0.04 N, _ 0.04 0.04}
0.00 - ) 0.00 0.00 |
300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)
Melanosome in the Melanosome layers Thin Cortex onl
Keratin matrix between the keratins y
0.24 [ 0.25 0.25 | —gig :2 (Blue)
020 020 020 | 220 nm
v 016 [ I -
8 [ S 015 S 0.15
{012 o I Y
o ; S o010k S 010}
= 0.08 = <
G i
0.04 005 ¥ 005
0.00 } 0.00 0.00 } ——
300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 800 700 8o
Wavelength (nm) Wavelength (nm) Wavelength (nm)

NANOCONVERGENCE SYSTEMS GROUP




2021 F"=Y SI2540| A5}

Korean Society of Microscopy

KOREAN

II. Results 3. Plasma treatment ZAHEHEEL 3

Effects of the plasma treatment
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Point specific measur

¢ 100 um x20
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The cortex thickness gradually decreases with the plasma treated time.
To measure the thickness accurately using EM, the melanosome arrays need to be dyed.
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Summary

« We analyze the nano-photonic structures of pheasant feathers to verify the mechanism of
structural coloration using TEM and UV-Vis-spectrophotometer. There are significant
differences in cortex thickness between the blue and green feathers.

« FDTD simulations for keratin filed melanosome arrays with thin cortex show the
significant contribution of the cortex thickness on the color change. The thin cortex can
act as a color filter that passes light with blue-green wavelengths.

« We demonstrate the color changes of pheasant feathers according to the cortex thickness
using a plasma treatment and confirm the thickness variations by FIB sectioning
technique.
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