
Materials Science

Forrest Schultz, PhD 
Wisconsin State Science Olympiad Director 

Director, 2016 Science Olympiad National Tournament 
Chemistry National Rules Committee 

Professor, Department of Chemistry and Physics 
University of Wisconsin-Stout



http://tinyurl.com/ybwdfb2r

Presentation shared files at:



Materials Science Resources

http://textbooks.elsevier.com/manualsprotectedtextbooks/9780750663809/Static/index.htm

https://www.nde-ed.org/EducationResources/CommunityCollege/Materials/cc_mat_index.htm

Polymers and Plastics

Materials Science 2017-2018

https://abmpk.files.wordpress.com/2014/02/book_maretial-science-callister.pdf
(BTW: rules based on topics in this book)

http://mypage.iu.edu/~lwoz/socrime/Material%20Science%20(C)2018.pptx

Great overview of event!

http://textbooks.elsevier.com/manualsprotectedtextbooks/9780750663809/Static/index.htm
https://www.nde-ed.org/EducationResources/CommunityCollege/Materials/cc_mat_index.htm
https://abmpk.files.wordpress.com/2014/02/book_maretial-science-callister.pdf


MATERIALS SCIENCE

1. DESCRIPTION: Participants will complete lab activities and answer a series of questions related to the
materials science of polymers and plastics with an emphasis on chemical structure, reactivity and
behavior.
A TEAM OF UP TO: 2 EYE PROTECTION: C  APPROXIMATE TIME: 50 minutes

2. EVENT PARAMETERS:

a. Each team may bring two calculators of any type dedicated to computation and two 8.5” x 11”
sheets of paper that may contain information on both sides in any form and from any source.

b. Each participant must bring safety equipment (e.g., goggles, lab coat, apron) and a writing utensil.
c. Participants must wear goggles, an apron or a lab coat, and have skin covered from the neck down to

the wrist and toes. Gloves are optional, but if a host requires a specific type they must notify teams.
Shoulder length or longer hair must be tied back. Participants who unsafely remove their safety
clothing/goggles or are observed handling any of the material or equipment in an unsafe manner will
be penalized or disqualified from the event.

d. Supervisors must provide reagents/glassware/equipment needed for the lab activities.

3. THE COMPETITION:

a. The competition will focus on the chemical structure, synthesis, characterization, performance,
processing and applications of polymeric materials.

b. The event will consist of a written exam accompanied by at least one lab activity or station where

participants are asked to collect or interpret data.
c. Structure and synthesis topics: Organic chemistry nomenclature of alkanes, alkenes, alkynes,

alcohols, esters, ethers, aromatics, ketones, amides, amines, and carboxylic acids. Common

polymer terminology and vocabulary such as block polymer, monomer, branched, linear,

network, entanglement, thermoplastic, thermoset, elastomer, adhesive, catalyst, initiator,

additives, abbreviations and trade names of common polymers, natural polymers, recycling

codes. Concepts that may only be addressed at the State or National level include: Identification
of the mechanisms of synthetic reactions such as addition, condensation, stereoisomerisms
(including geometric), isotactic, syndiotactic and atactic.

d. Characterization, performance, processing and application topics: density, optical properties,

gas permeability, molecular weight, size and distribution, heat capacity, solubility, crystallinity,

melting and glass transition points, fracture, crazing, viscoelastic materials, molding, extrusion,

casting, foams, fibers, films, coatings, latex, resin, stress-strain behavior, materials selection,

stiffness of material (Young’s modulus), breaking strength of a material (yield strength), resistance to

flow (viscosity), transverse strain (Poisson’s ratio) and microscopy. Concepts that may only be

addressed at the State or National level include: Infrared spectroscopy, mechanism of deformation
and strengthening of polymers, permanent deformation of material under constant load (creep rate).

4. SAMPLE QUESTIONS/ACTIVITIES:

a. Which type of polymer is typically a thermoplastic and flexible?
b. Draw three repeating units for the polymer made by condensation of the following molecules.
c. Show the initiation, propagation and termination steps for the following addition polymerization.
d. Why are plasticizers commonly used?
e. Determine the density, solubility and melting properties of polymers.
f. Synthesize a cross-linked polymer and determine the modulus properties.
g. Interpret infrared data to identify an unknown plastic.
h. Measure the creep rate and viscosity of the provided samples.
i. Measure strain at different temperatures.

5. SCORING: Highest score from the combined written and lab sections will determine the winner.

Selected questions may be used as tiebreakers.

Recommended Resources: The Science Olympiad Store (store.soinc.org) carries the Chem/Phy Science 
CD; other resources are on the event page at soinc.org. 

See General Rules, Eye Protection & other Policies on www.soinc.org as they apply to every event.
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Organic Nomenclature

Functional Groups Chain Prefixes
meth
eth

prop
but
pent
hex
hept
oct
non
dec

1
2
3
4
5
6
7
8
9
10

vinyl



Examples for polyethylene

Adopted from: Materials Science and Engineering: An Introduction, 7th Edition 8th Editionby William D. Callister Jr. 
(Author), David G. Rethwisch (Author)

Polymer Structure Representations



Polymer Models

nitrogen

hydrogen

oxygen

carbon

propane

ethene or 
ethylene



Most Common Polymers

Adopted from: Materials Science and Engineering: An Introduction, 7th Edition 8th Editionby William D. Callister Jr. 
(Author), David G. Rethwisch (Author)



• Low-density polyethylene (LDPE)
• High-density polyethylene (HDPE)
• Polypropylene (PP)
• Polyvinyl Chloride (PVC)
• Polystyrene (PS)
• Nylon, nylon 6, nylon 6,6
• Teflon (Polytetrafluoroethylene)
• Thermoplastic polyurethanes (TPU)
• Acrylonitrile butadiene styrene (ABS)
• Phenol formaldehyde (PF)
• Polysiloxane (Silicone)

Common Polymers



linear

cross-linked network

branched

Types of Polymer Chains



https://secondaryscience4all.files.wordpress.com/2014/10/slide2.jpg



Entanglement and Stretching

https://puserscontentstorage.blob.core.windows.net/userimages/e606bfa1-1ad4-411e-a8bd-6a1abf2c5b29/fe1562b8-eb17-4695-8ddb-67046c2c3eafimage18.png

StretchedEntangled



http://artquill.blogspot.com/2013/08/general-properties-of-fiber-polymers.html

Polymer Crystallinity

increased strength, brittleness, clarity



This sequence of scanning electron microscopy (SEM) images demonstrates drastic changes in polyethylene surface morphology resulting from 
the fabrication process. The initial polymer particulate material resembled tightly wound balls of string (a). Comparing this to the extruded sample 
(b), however, polymer disentanglement as a result of the high shear rate Couette-based extrusion process is evident. SEM images of 50× (c) and 
100× (d) drawn films. As shown, film structure is uniform fibrous with minimal defects. Scale bar represents 100 microns (a), and 2 microns (b-d). 

Read more at: http://phys.org/news/2014-10-fabrication-highly-aligned-polymer-method.html#jCp

Example of Polymer Processing on Morphology

Polymer long-chain 
“spaghetti” control through 

synthesis or processing

http://phys.org/news/2014-10-fabrication-highly-aligned-polymer-method.html#jCp


STRESS STRAIN

Original Length



https://www.teachengineering.org/lessons/view/cub_mechanics_lesson07

https://www.teachengineering.org/lessons/view/cub_mechanics_lesson07




Measure Strain 
(stretching distance)

Measure Stress 
(pulling force)wrap plastic around 

pencil and clamp



Stretching out 
polymer chains

Separating 
polymer 
chains

Stress-Strain Curve 

common for many plastics

stretch

http://textbooks.elsevier.com/manualsprotectedtextbooks/9780750663809/Static/polymers/polymers4b.htm


Stress-Strain Curve



Fishing Line Experiment



Ultra-high-molecular-weight polyethylene (UHMWPE) is synthesized from monomer 
of ethylene, which are bonded together to form the base polyethylene product. 
These molecules are several orders of magnitude longer than those of familiar high-
density polyethylene (HDPE) due to a synthesis process based on metallocene 
catalysts, resulting in UHMWPE molecules typically having 100,000 to 250,000 
monomer units per molecule each compared to HDPE's 700 to 1,800 monomers.

Dyneema and Spectra are lightweight high-strength oriented-strand gel spun 
through a spinneret. They have yield strengths as high as 2.4 GPa (240 kg/mm2 or 
350,000 psi) and specific gravity as low as 0.97 g/cm3 (for Dyneema SK75). High-
strength steels have comparable yield strengths, and low-carbon steels have yield 
strengths much lower (around 0.5 GPa). Since steel has a specific gravity of 
roughly 7.8, this gives strength-to-weight ratios for these materials in a range from 
8 to 15 times higher than steel.

NanoFil fishing line

https://en.wikipedia.org/wiki/Ultra-high-molecular-weight_polyethylene

https://en.wikipedia.org/wiki/Chemical_synthesis
https://en.wikipedia.org/wiki/Monomers
https://en.wikipedia.org/wiki/Ethylene
https://en.wikipedia.org/wiki/Orders_of_magnitude
https://en.wikipedia.org/wiki/High-density_polyethylene
https://en.wikipedia.org/wiki/High-density_polyethylene
https://en.wikipedia.org/wiki/Metallocene
https://en.wikipedia.org/wiki/Kaminsky_catalyst
https://en.wikipedia.org/wiki/Spinneret_(polymers)
https://en.wikipedia.org/wiki/Yield_strength
https://en.wikipedia.org/wiki/GPa
https://en.wikipedia.org/wiki/Pounds_per_square_inch
https://en.wikipedia.org/wiki/Specific_gravity


Poisson Deformation

Positive Ratio Negative Ratio

Poisson Ratio = strain with load/strain at right angle

“ZERO” Ratio

(c)



bulge if rubber

Force



Questions? 

Forrest Schultz, PhD 
Wisconsin State Science Olympiad Director 

Director, 2016 Science Olympiad National Tournament 
Chemistry National Rules Committee 

Chair, Department of Chemistry and Physics 
University of Wisconsin-Stout



Molecular Weight/Size Distribution

l Polymers do not all have the same number of 
monomers in them

l Number Average

l Weight Average

l Molecular Weight Average


