
Macromolecular Engineering: Networks and Gels

Introduction

Prof. Dr. Mark W. Tibbitt, 22. February 2022



Course Information
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• Overall learning objective: Students should be able to evaluate and 
design polymer networks and gels for industrial and biomedical 
applications based on macromolecular chemistry and structure.

Macromolecular Engineering: Networks and Gels

Instructor: Prof. Tibbitt Lecture 1

• Instructor: Prof. Tibbitt – mtibbitt@ethz.ch

• Office hours: Do 16:00–17:00 ML H 21

• Suggested book:

• Polymer Physics, Rubinstein and Colby

mailto:mtibbitt@ethz.ch


History of polymer chemistry and soft matter
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It all started in Mesoamerica!

Natural

latex

tractionews.com

1839 CE

ca. 1600 BCE
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Macromolecular hypothesis - 1920s at ETH Zürich
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Hermann Staudinger

Nobel prize in Chemistry

1953

Proposed the concepts of macromolecules and 
polymerization reactions

“Dear colleague, drop the idea of large molecules; organic 
molecules with a molecular weight higher than 5000 do not 
exist. Purify your products, such as rubber, then they will 
crystallize and prove to be low molecular weight compounds!”

     - Heinrich Wieland (Nobel Prize, 1927)

“My colleagues were very skeptical about this change, and 
those who knew my publications in the field of low molecular 
chemistry asked me why I was neglecting this interesting field 
and instead working on a very unpleasant field and poorly 
defined compounds, like rubber and synthetic polymers. At that 
time the chemistry of these compounds often was designated, 
in view of their properties, as Schmierenchemie (‘grease 
chemistry’).”

     - Hermann Staudinger
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100 years since the Macromolecular Hypothesis
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EDITORIAL
Holger Frey and Tobias Johann
Celebrating 100 years of “polymer science”:  
Hermann Staudingeŕ s 1920 manifesto

Polymer
Chemistry 
Anniversary issue: 100 years of polymer science
rsc.li/polymers

Volume 11
Number 1
7 January 2020 
Pages 1ȥ136 

ISSN 1759-9962
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Polymerization reactions
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Common reactions to synthesize polymers:

onlinemathlearning.com

Polymer architectures:

AAAS
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Proteins to polymers – Carothers (Dupont) and Nylon
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Wallace H. Carothers Peptide chemistry:

Nylon 6,6:
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Proteins to polymers – Carothers (Dupont) and Nylon
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Ultra-strong polymer fibers - Kevlar
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A. Alexander Katz (MIT)
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Ultra-strong polymer fibers - Kevlar
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A. Alexander Katz (MIT)
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The major building blocks of life are macromolecules
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Essential Cell Biology, Garland Science 2010

Proteins

Nucleic Acids

Carbohydrates

Lipids

~80 m height

freepik.com

Macromolecular Engineering: Networks and Gels

Instructor: Prof. Tibbitt Lecture 1



Modern biomaterials
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Soft contact lenses Controlled release devices

Degradable sutures
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General features of soft matter
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• Wide range of structure and properties:

• Insulating or conducting

• Soft elastic to very stiff plastic

• Large reversible deformations

• Low to high crystallinity

• Photovoltaic, piezoelectric

• Temperature dependent properties

• Tunable properties:

• Weak intermolecular interactions allow chains to readily reorganize in 

response to external stimuli.
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