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Solid state materialsSolid state materials

Organic vs Inorganic materialsOrganic vs. Inorganic materials
-specific features of each materials?

Crystalline  vs. Amorphous materials
diff i th d i ki ti h ?-difference in thermodynamic or kinetic phenomena?

-how can we observe the difference?



Physical structure of polymersPhysical structure of polymers

amorphous 
(semi)crystalline
rubber
solutionsolution
meltmelt



Small vs large moleculesSmall vs. large molecules
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Molecular featuresMolecular features
chain molecule

primary (covalent) bonding ~ along the chain
secondary interaction ~ between the chainsy
entanglement

(fully-extended) crystal
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Molecular architectureMolecular architecture

crosslinked
linear branched

crosslinked

dendrimer, ladder
hyperbranched

ladder



CopolymersCopolymers
homopolymerp y
copolymer

statistical (random) copolymerstatistical (random) copolymer
alternating copolymer
block copolymerblock copolymer

diblock, triblock, multiblock
symmetric, asymmetricy , y

graft copolymer
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UltrahighUltrahigh--density nanostructuresdensity nanostructures

blockcopolymer
template

after evaporationp

nanoscopic
dot or hole arrays

Metal dot arrays Nano-hole in metallic matrix

y



Metallic Metallic nanodotnanodot arraysarraysyy
•Metallic nanodot arrays

Shin et al., Nano Lett. (2002)



Recording mediaRecording media
sing selfsing self assembledassembled diblockdiblock copol me templatescopol me templatesusing selfusing self--assembled assembled diblockdiblock copolymer templatescopolymer templates

100 nm

the patterned media 
Patterned CoCrPt disk on a 2.5-inch 

HDD glass plate

IEEE TRANSACTIONS ON MAGNETICS, VOL. 38, NO. 5, SEPTEMBER 2002



Plastics/Rubbers – Polymers and Daily Life

21st CWW II Poster 21st C

OLED 

Photoresist
Biomaterials

Drug delivery

e-ink17
http://www.mpi.ch/

e-ink

https://www.mplib.org/wpdb/
http://freepages.genealogy.rootsweb.com

<with the courtesy of prof Ryu>



Polymers“Nobel Prize” <with the courtesy of prof Ryu>

Staudinger Flory de Gennes Ziegler/Natta Heeger, McDiarmid, Shirakawa

1953

"macromolecular 
chemistry" 

g
“physical chemistry 

of the macromolecules” 

y

1973 1991

“liquid crystals and 
polymers (theory)” 

g /

1963

“high polymer synthesis" 

2000

g , ,

“conducting polymer" 

Photoresist
polymers

Biomedical
materials 2005

“metathesis”

Chauvin Grubbs SchrockChauvin Grubbs Schrock 



Commodity Polymers - Homopolymers

Homopolymers
Viscosity
h ~ M1 (M>2Me)
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Size exclusion Chromatography (SEC)
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Yang, A. C. M.; Kramer, E. J.; Kuo, C. C.; Phoenix, S. L. Macromolecules 1986, 19, 2010-2019 

<with the courtesy of prof Ryu>


