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While natural polymers elegantly form higher-order structures to express their functions, synthetic polymers offer the ability

b

to design functions and material properties distinct from those of their natural counterparts. This course provides an overview
of polymer design, spanning from primary structure design and secondary structure control to supramolecular higher-order
structures and macroscopic material properties, incorporating recent research examples. The aim is to develop an
understanding of the design principles and underlying concepts unique to polymers—one of the three major classes of
materials.
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& | Understand the fundamental principles of polymer synthesis methods, and explain the characteristics of structural control
enabled by each method.

Based on the design of polymer main chains, explain the design principles for achieving functional expression through control
of secondary structures and hierarchical structures.

Ability to explain how the chain-like molecular architecture of polymers, in contrast to low-molecular-weight compounds,
influences their material properties.

Ability to explain the characteristics of noncovalently bonded polymeric materials obtained through supramolecular
polymerization approaches.
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REEHEIEE Course Plan

No. IEH Topics AZA Content
1 B | &9 FRETOEFRPER —RiEE (EH#HBE, MRS, DFE) 7" FORBESLUHEEZRET L&
L. D FRAOERNLEEZAZEANT B,
Z | Fundamentals of Polymer | The importance of primary structure (main-chain structure, tacticity, and molecular
Design weight) in determining polymer structures and functions is introduced, and the basic
concepts of polymer design are discussed.
2 B | EHEEALDTFE  UFEES | VAL - AF Y - BUEGOEAREBZHAL, 2FE. DFE0NH. ILERAER
0 EORBEFEORH ERRA =BT 5,
Z | Chain Polymerization and | The fundamental principles of radical, ionic, and coordination polymerization are
Molecular Structure Control explained, with emphasis on the control and limitations of molecular weight,
molecular weight distribution, and stereoregularity.
3 H | BEEA LD TFHEERS VEYITEGEFROIC, ATFEFE. 78y 0 - 777 MEEREDBER LD TREER
FFFEETEETS
% | Precision Polymerization and | Living polymerization methods are introduced, and strategies for precise molecular
Molecular Design design, including molecular weight control and block/graft architectures, are
discussed.
4 H | TH#HBERFTELHRALES BEREG, HREA. hy TV ITEAREZBL CEHBERTOSRELZER L.
@Eﬁiﬁi%ﬁﬁb‘t$ﬁﬁr§ﬁ\¥/\ﬁi IZ2o2WTHBET %,
Z | Main-Chain Design and | Various polymerization methods, including step-growth polymerization, ring-opening
Diverse Polymerization | polymerization, and coupling polymerization, are discussed in the context of main-
Methods chain design. Recent examples of novel polymer synthesis using metal catalysts are
also in
5 B | F8#HEEETE RS Eﬁéﬂ‘%x_ MEME. 7 ')7‘4 ICEIDCZRIBELER (bEABE) Z#BFEL, — KB
EENDTFREOEREERT
% | Main-Chain Design and | Main-Chain Design and Secondary Structures
Secondary Structures
6 B | —RBERET L REEBETAK BOFO—REEHRD, ZRBEEN OREBEICEDS F TOBERRICER2EE%:
BT 5,
Z | Primary Structure Design and | How primary structure design governs the formation and transformation of secondary,
Hierarchical Structure | tertiary, and hierarchical structures is discussed, emphasizing the continuity of
Formation structure formation across different length scales.
7 B | &9 FiR&E L BERETOHLER BHREBOCEN TIRE. MTEGELBL . BEXONRE ZOARMEICOWT
BERd %
% | Polymer Editing and | Post-polymerization modification, polymer editing, and emerging polymerization
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Expansion of Structural | techniques are introduced, highlighting the expansion of structural design.
Design
8 H | @ FHROBE LYt BAFICERONBVEATFREDD LAEWIMEYIEICS X 2R ZIBET 2,
Z | Structure and Properties of | An overview of how polymer-specific features—particularly chain entanglements not
Polymeric Materials found in low-molecular-weight systems—govern the mechanical and physical
properties of polymeric materials
9 H | FABHEEEZRVWLHALE | B/ v—H2EEEHEATERE LR v— & 2 DMEIEIC O W TR T %,
Ak
% | Polymerization via | An overview of polymers formed through noncovalent linkages between monomers
Noncovalent Interactions and the resulting material properties.
10 | B | BAFAFEEFRR TR ML | EESHDFMEIOREICEEEZSATLWIBYFAFELSERRIOVWTEGRY 2,
¥
Z | Supramolecular Chemistry | An introduction to supramolecular chemistry and inclusion phenomena, and their
and Host-Guest Systems roles in the design of modern polymeric materials.
11 | B | BoFLELEDFHEMLT | TR MEDFORBEICLIZBRE/ ~—D"ER" L ZOEBICLVELONE I IR MY
DELE —DAFEHICOWTEERT %,
% | Integration of Supramolecular | Supramolecular “polymerization” of cyclic monomers via inclusion of guest polymers
and Polymer Chemistry and the mechanical properties of the resulting crosslinked elastomers.
12 | B | 2FHRICEZ2ERBE LD T | TR E2F @D FHEHTH CTHLHHADFREDEVIYMIECEET S Z
BEIC & 25 SR CEEBRT B,
Z | Universality of Molecular | The influence of subtle differences in molecular structure on material properties, even
Shape and Diversity of | among polymers sharing similar overall molecular shapes.
Molecular Structure
13 | B | o FlE0HhF Yt ITRMY—CLIFELDH T AE I THERKREBOBIEDOEN EIRICOWTHEERT 5,
% | Mechanical Properties of | Deformation and fracture behavior of polymeric resins in glassy and crystalline states,
Polymeric Resins in contrast to elastomers.
14 | B | BoFhFICEICmYFH | 2 FEEEERCOEZAV SN FHREMRODZYHESIEICOWTEBNT %,
fED%E
% | Design of Polymeric Resins | Control of mechanical properties in polymeric resins through intermolecular
Based on Supramolecular | interactions and inclusion-based design strategies.
Chemistry
15 | B | #%& T
% | Summary Summary
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BLTHELZ E,

% | Those who behave in an unacceptable manner (including the use of smart phones) during the lecture will be asked to leave
the room.

HRIE S%E2E Textbooks/Reference Books

H | #XORTHARFAZITVETH, TRORKENSEICAY FT, ERESHFRE ERELERAN). BEEEGIV R EDTE
B mEATE S ECERLE EFERAN). B2 FOEE & WM B, Principles and Methods in Supramolecular Chemistry
(WILEY),

I | See Japanese

BUERHI D kKR O E%E Grading Policy

B | RAIE LCRARR, HEPLF— FEORREZET 28E0H D,
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| ks | In principle, a final examination. The results of attendance, reports, etc. may be taken into consideration. |
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