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Concept Map of K-12 Nanotechnology Education
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The need of concept maps in designing teaching modulus

Lsz.Concept maps guides to an in-depth learning of lotus effect

For ) This is lotus effect

example

Contact angle >120°
Super-hydrophobic

) Nanoparticles makes lotus effect Toner powder

- P size: nano
Wax crystal e

size: nano

) The basic knowledge of lotus effect

Surface energy / Surface tension
4-force balance system




The need of concept maps in designing teaching modulus

Atz Concept maps guides to an in-depth Iearnlnq of photonlc crystal

For ) This is the phenomenon of photonic crystal

example

Color dependent selected-reflection
Color changes with the angle of sight

N BAAAAT

) The basic knowledge of the phenomenon of photonic crystal

in phase out of phase
Ap=0 Ap=rl4 Ap=rl2 Ap=3rl4 Ap=rx

Interference of light  w ARy AV VY VWY VWY

e AP AR PSR AP S

Ay AR A e ——



The need of concept maps in designing teaching modulus

AtiszBase on the concept maps, one can make some strategies.

) Look the basic knowledge up in the K-12 science curriculum

) Systematically design a series of experiments to integrate nanotechnology

into the K-12 science curriculum

for example:

Senior high school
grades 10-12

Hands-on experiment




2
L)

)

1T




Concept Map of Lotus Effect

size of structure
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Lotus Effect: K-12 science curriculum & Benchmarks

.m Benchmarks of Lotus effect

ik H AT R B EEEAEY) -
Recognizing the plants that naturally have the property of
Lotus effect.

Beak H RS BT e H R AR A P THYE A

Capillary Recognizing the Lotus effect and its applications in our daily
life.

Composition of forces  FEFEEEERE 2 IR HAHA -
Balance of forces Investigating the phenomenon and the whys of Lotus effect.

Surface energy P R BRI 7 Bt KM

Surface tension Understanding the hydrophobic property of Lotus effect.
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Touch The Plants and feel them!

Those which forms water droplets are hairy! ‘ Lotus effect
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Human-made Lotus Effect
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The Application of Lotus Effect




Grade 3-6 ——
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Super—hydrophoblc
Super—hydrophlllc
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Interfaces
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Draw the tangent line & measure the contact angle

12+ WIRIEM BB iEE K 13 : %ﬂﬁm%}ﬁfﬁﬂx’*ﬂﬂﬂ%ﬁié%ﬂi}%ﬁ%@
(EXERE) EFEHREEHR)

% £
" " "
7K

EHERRENERER » EE2KENEZER  KURISERES - (EXEEH)



The Nano Badge
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Sliding or rolling? How does it feel & look?




Three interfaces & forces




4-force balance system




Hydrophilic vs. Hydrophobic

0<90° 90° <0 < 120°

120°<6

super-hydrophilic hydrophilic hydrophobic super-hydrophobic



HEENEREAR

Grades 10 - 12 .
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The Contact angle of Water on a surface

Azt Learn the skill of measuring the contact

) Correctly take a photo of water on a surface for measuring the contact

angle

) Correctly draw the tangent lines of the three interfaces
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Human-made Lotus Effect: Toner Powder

(b) (©)




CMYK color model: Mixture of Color Toner powder




Capillary: Contact Angle of Water on Materials
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Capillary: Contact Angle of Water on Toner powder

The interface between water
and toner powder has very
high surface energy.




Reducing the surface energy

LssHigh surface energy refers to a high surface tension.

A The contact point tends to move along the direction which

reduce the total energy.

it The force system reaches balance as the total energy

reaches the lowest one.
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How to Make a Surface Have Lotus Effect?

2o Nanoize the surface
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Self-Assembly

Lzt Self-Assembly is due to process of reducing total energy.

Lz The force system of a self-assembly is very complicated.




Self-assembly of plastic spheres




The Teaching Modulus of
Photonic crystal




Concept Map of Photonic Crystal
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Photonic Crystal: K-12 science curriculum & Benchmarks

.w Benchmarks of photonic crystal

oA T R A A YIS )
Recognizing the organism and things that have the property of
photonic crystal.

LA TN TR SR R g3 A0 > Talekdt

Reflection of light 1EEH AT AR MEORRH P EA (ARIEsSE ) -
Refraction of light Recognizing that the properties of matter will be changed
Rainbow when the size of the matter reduces to nanoscale range.
Color TV...etc. Recognizing the natural phenomenon and the applications of

nanotechnology. (e.g. the brilliance of a butterfly wings)

oA RO SRR &S TR PSR,

RGB color model Recognlzmg that the brilliance of a butterfly wings is resulted
from the nano structures on the wings.

HREESE T St R B RADRY VAo RSB IE R > B

Single-slit FEFZ R > JEA
double-slits Recognizing that photonic crystal is constructed by periodic
Grating nano structures. This is also the origin of the brilliance of

butterfly wings.



Grades K-2

Euploea
purple butterfly

1-2 PRI B AL PSSR

ERPOR © el ir 5 2e (2010)
15 MR BT 52 B 5 1 Y RS 142 0 http://
www.maulin-nsa.gov.tw/maolin/i1/

introdution.html



K-2, which one has the phenomenon of photonic crystal
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Grades 3-6
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Dispersion of light

source of light : Sun

source of light: LCD projector



The light form LCD projector
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Its color is purple,
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Physical color? Chemical color?
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Drop 95 % alcohol to this two area




The Structure of Butterflies’ wings
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Make a periodic structure! !
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Polarized Light (LCD Projector) and Polarizer

LCD = Liquid-Crystal Display



Non-Polarized Light (DLP Projector)

DLP = Digital Light Processing



The periodic nano structure
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Grades 10-12
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The Writing Mechanism of CD - DVD + & BD

Yale 5.0kV 5.3mm x10.0k SE(V)

http://volga.eng.yale.edu/index.php/CDsAndDVDs/MethodsAdMaterials



The Reading Mechanism of CD - DVD + & BD
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One-Dimensional Photonic Crystal (Mutilayers)
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L5z 3D-photonic crystal can be made by the self-assembly process of

plastic nano ball.

55



Photonic Crystal Wave Guide

Az Light propagates along the defects of a periodic structure. This

make one has chance to use light to pass signals.
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Conclusions

Lz Base on the concept maps, one can make some strategies to

design teaching modulus of nanotechnology.

Ls2.The teaching modulus of photonic crystal and lotus effect

are successfully designed via the concept maps.



