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Phenomenon

What is plastic?



Woody Guthrie may not 
have been correct about 
“atomic bedrooms,” but 
our modern lives are most 
definitely built on plastics, a 
diverse group of polymeric 
materials used from making 
toys, to surgical devices, 
to industrial coatings, and 
sandwich bags.

The first plastics were 
developed in the latter 
19th century. One of the 
initial drivers of their 
development was an interest 
in creating a convincing 
artificial substitute for ivory. 
Celluloid (a polymer of 
nitrocellulose and camphor) 
and Galalith (a brand of 
casein-based plastic) were 
among the first types of 
plastics. Both were used to make jewelry and decorative items. Celluloid also became the backbone of the movie 
industry, as it was the material from which film was originally made. These first plastics were not derived from 
petroleum as most modern plastics are, though; they were instead produced from plant and animal sources. 
(Cellulose is a primary component of the cell walls of plants and casein is a protein found in milk.) The first plastics 
were, therefore, also bioplastics—plastics made partially or completely from biological materials. Bakelite®, a 
polymer of phenol and formaldehyde patented in 1907, was the first fully synthetic plastic (i.e., derived only from 
nonliving sources), and it truly began the expansion of plastics as a modern material.
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Atomic bedrooms!... Plastic! 
Everything’s gonna be made out of plastic! 
       — Woody Guthrie (American folk singer, 1912–1967)



Prelab (continued)

Driving Question
How can you change the behavior of a plastic by altering its molecular structure?

Use this space to record your ideas regarding the Driving Question.

Categories of Plastics
There are many ways in which plastics may be categorized, but the three relevant to these investigations are  
1) whether they are thermoplastic or thermosetting, 2) whether they are addition or condensation polymers, and  
3) the degree to which they are crystalline or amorphous in structure.

Thermoplastics vs . Thermosets
Thermoplastic materials 
may be melted and 
reformed repeatedly 
without degradation, 
and they are directly 
recyclable. Thermosets, 
or thermosetting plastics, 
lack these characteristics. 
Thermosets experience 
degradation upon heating.

Use the illustrations at right 
as the basis of a claim as 
to why thermosets cannot 
be melted and reformed 
repeatedly in the same 
manner as thermoplastics.  
In the space below the 
images, provide evidence 
from the diagram, and 
support your claim with your reasoning.

STUDENT GUIDE
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ThermosetThermoplastic
 Thermoplastic Thermoset

Molecular structure of thermoplastic and thermoset materials



Addition vs . Condensation Polymerization
Polymerization refers to the generation of polymers from monomers via chemical reactions. In this lab, you will 
explore the two basic types of polymerization: addition and condensation.

Stop and Think
Based on the names “addition” and “condensation,” what processes do you think might be occurring in these two 
types of polymerization?

The following two equations are examples of polymerization. Your tasks for both of these equations are to:
1 . explain the process by which the monomers are being joined into polymers,
2 . circle the points of bonding between monomers in the product polymer, and
3 . add in any missing products of the reactions.

Consider the following questions while working through these tasks:
 • What type of bonds are breaking and forming?
 • Where are the electrons going?
 • Are there any atoms missing from the product polymer?

Addition Polymerization: Polystyrene
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Prelab (continued)

Condensation Polymerization: Polyethylene Terephthalate (PET)
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Amorphous vs . Crystalline Structure
The structure of polymers can also be characterized by the degree to which their internal structure is amorphous 
(without a defined form) or crystalline (having a highly defined form). The following illustration depicts an 
amorphous polymer, a crystalline polymer, and a semi-crystalline polymer whose structure is crystalline in some 
areas and amorphous in others. You will also notice that in each case there is a flashlight shining on the polymer.

Crystalline

 Semi-crystalline Amorphous
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Use the illustration to answer the following questions.

a . Explain what is happening to the light that is striking each of the illustrated polymers. 
Crystalline: 
 
 
 
Semi-crystalline: 
 
 
 
Amorphous: 
 
 
 

b . Make an evidence-based claim regarding the clarity (i.e., the transparency or opacity) of the three illustrated 
polymers.

Prelab Questions
1 . What is plastic?

2 . Make a claim regarding the Driving Question: “How can you change the behavior of a plastic by altering its 
molecular structure?”

3 . List two or more questions that you have about the structure or function of plastics.
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Prelab (continued)

Investigative Procedure Preparation
The procedures for Investigation 1 are complex. You will need to have a strong understanding of all of the steps 
before beginning.

1 . Read through all of the following procedures. Take note of anything that does not make sense.

2 . Read through all of the procedures a second time.

3 . Now use the space below to outline the steps of the procedure that seem essential to the success of your 
investigation, as well as any questions or areas of concerns that you have about the procedure, so that you can 
bring them up with your instructor.

Essential Steps of Procedure Questions and Points of Confusion
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Investigation 1: Making and Testing Bioplastics
During this investigation, you will make and test three samples of bioplastics 
(plastics made partially or completely from biological source material as 
opposed to “traditional” plastics which tend to be derived from petroleum). 
The monomers you will be testing are gelatin (a protein of animal origin) and 
agar (a mixture of carbohydrates derived from red algae). It should be noted 
that both of these substances are themselves polymers, which will undergo 
further polymerization in the lab.

 Safety

 • The heated solution produced in the preparation of your bioplastics is 
extremely hot and will stick to your skin and other surfaces potentially 
causing severe burns. Avoid thermal burns by avoiding contact with 
melted materials and by always using tongs.

 • Do not leave your hot plate unattended at any time. Avoid contact with its 
surface even after it has been turned off or unplugged. It will remain hot 
and dangerous for an extended time.

Part 1: Making Bioplastics
 • Circle the Shared Materials Station and accompanying materials list that you 

have been assigned. This tells you the monomer that you will be working with 
in this investigation and the station from which it should be obtained.

Setup
1 . Labeling

a . Obtain your section of tape and tear it into three equally sized pieces.

b . Attach one piece to each of your three 100-mL beakers.

c . Label one beaker as “5,” the second as “30,” and the third as “60.” 
These values correspond to the number of drops of glycerol that will 
be added to each beaker during the production process.

d . Obtain your three large weigh boats, which will function as molds 
when you pour your finished bioplastics, and label each with the 
information listed in the illustration on the next page.

STUDENT GUIDE Laboratory Investigation

Name Date
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 Materials

25-mL beaker of glycerol 
with pipet

100-mL beaker, 3
250-mL beaker
50-mL graduated cylinder
250-mL Erlenmeyer flask
ceramic fiber squares, 3
beaker tongs
hot plate
weigh boat, large, 3
weigh boat, small, 3
craft sticks, 3
label tape, 3 inches
permanent marker

Shared Materials Stations
Station: Gelatin A
250-mL beaker containing 

gelatin
scoopula
digital balance

Station: Gelatin B
250-mL beaker containing 

gelatin
scoopula
digital balance

Station: Agar A
250-mL beaker containing 

agar
scoopula
digital balance

Station: Agar B
250-mL beaker containing 

agar
scoopula
digital balance



Laboratory Investigation (continued)

i . your assigned monomer (gelatin or agar)
ii . batch number (1, 2, or 3)

iii . the current date
iv . the initials of your group’s members 

2 . Water
a . Use your 250-mL Erlenmeyer flask to obtain 

approximately 170 mL of distilled water as 
directed by your instructor.

b . Return to your workstation with your water.

3 . Monomer
a . Take your three small weigh boats to your 

assigned materials station.

b . Weigh out the appropriate amount of your assigned monomer (12 g for gelatin and 3 g for agar) into each 
of your three weigh boats. (Remember to tare your digital balance after placing the dish on the balance but 
prior to measuring out the material.)

c . Once you have your three samples of material, return to your workstation.

Procedure
1 . Table 1 provides the correct quantities 

of the materials needed for each batch of 
bioplastics. Refer to it for quantities. Draw a 
star next to the line that refers to the monomer 
that you have been assigned.

2 . Turn your hot plate to high and allow it 
to heat up. Be cautious not to touch the 
surface of the hot plate as it heats or to 
leave it unattended while it is on .

3 . Organize your workstation as shown.

4 . Use your graduated cylinder to measure 
50 mL of distilled water from your flask 
and pour it into one of your three 100-
mL beakers. Repeat this process with 
the other two 100-mL beakers.

5 . Use the pipet to add the appropriate 
amount of glycerol (5, 30, or 60 
drops) to the 100-mL beaker with the 
matching label.

6 . Place one craft stick into each beaker. 
This will be your stirring rod.

7 . Stir the glycerol into the water in each 
of the three beakers. Leave the stick in 
the beaker.

STUDENT GUIDE
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Gelatin Batch 1

CP/HR/JM

11/5/18

Table 1. Bioplastics Recipes

Monomer Water
Glycerol (drops)

Batch 1 Batch 2 Batch 3

12 g Gelatin  
per batch

50 mL  
per batch 5 30 60

3 g Agar  
per batch

50 mL  
per batch 5 30 60



8 . Use the following steps to prepare each of your batches of bioplastics:

a . Use your beaker tongs to place one of the 100-mL beakers containing water and glycerol onto the heated 
hot plate. Do not handle the beaker without tongs from this point forward .

b . Allow the solution to heat for 60 seconds. Stir the solution again with the craft stick while holding the 
beaker with the tongs to ensure that the glycerol is fully dissolved in the water before adding the monomer.

c . Pour one of your measured samples of monomer into the beaker.

d . While holding the beaker with the tongs, gently stir the powder into the solution until it has fully 
dissolved. It is important to stir the material gently to minimize the amount and thickness of foam on the 
surface of the solution.

e . Use the flat side of the craft stick to press out clumps of material against the glass of the beaker.

f . As the solution heats look for signs of boiling (bubbles beginning to form at the bottom of the beaker). 
Once light bubbling begins, you will continue to heat the solution for another 3 to 5 minutes.

g . Always hold the beaker with tongs while stirring . Do not stop stirring for more than a few seconds at a 
time .

h . A little, light foam will form on the surface of the solution as it heats. This is fine, but you want to minimize 
any production of thick, heavy foam.

i . The following are signs that your batch is overheating and should be poured immediately . You do NOT 
want the following conditions to develop:

i . there is vigorous boiling at the surface
ii . the solution is developing a dark caramel-like coloration due to scorching at the bottom of the beaker

iii . you can no longer move the stirring stick
j . Once you have heated your solution for the 3 to 5 minutes after the initial appearance of bubbles at the 

bottom of the beaker, you will see that the bubbles are becoming more vigorous and traveling about 
halfway up through the solution. You should now pour this batch as follows:

i . Remove the stirring stick and place it in your 250-mL beaker
ii . Using the beaker tongs to firmly grasp the beaker, take it from the hot plate and hold it over the mold 

whose labeling corresponds with the material in the beaker.
iii . Being cautious of steam, pour the solution into the mold. (Do not attempt to scrape out every drop.)
iv . Once you have poured the batch, place the still-hot beaker on the corresponding ceramic fiber square 

and allow it to cool.
9 . Using your remaining two 100-mL beakers, repeat the process outlined in Step 8 to prepare and pour your 

second and third batches of bioplastic.

10 . Once you have made three batches of bioplastics, turn off and unplug your hot plate. Keep in mind that the 
hot plate will stay hot for quite some time .

11 . After your glassware has cooled, clean it and dispose of used materials as directed by your instructor.

12 . Carefully lift your filled molds by grasping their extended edges on both sides. Then move them to a location 
designated by your instructor and allow them to dry for two days if a fan has been supplied or four days if no 
fan is available. Avoid touching the bottoms of the molds, because they may still be hot .

STUDENT GUIDE Laboratory Investigation (continued)
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Laboratory Investigation (continued)

Part 2: Testing Bioplastics
1 . Obtain your three samples of bioplastics, which are now dry.

2 . Remove them from their molds, and using a permanent marker, label them according to their 
batch number (1, 2, or 3). If the samples are still attached to the mold, push up on the bottom of 
the mold, as if you were turning it inside out, until an edge becomes free allowing you to finish 
peeling the sample from the mold.

3 . Record your initial impressions of your samples here:

4 . The bioplastics will have undergone various degrees of shrinking during the drying process. Using the guide on 
page S-12, estimate the percentage of the sample’s original volume at pour that is left after drying, and record 
this value under “% of Original Volume” in Table 2. (This is meant to be a rough estimate. Also consider that 
the sample may have become thinner while drying.)

5 . Use the following scale to rate the clarity of your three samples and record your results in Table 2.

 opaque          translucent         transparent
 0 1 2 3 4 5 6 7 8 9 10

6 . Use the following scale to rate the flexibility of your three samples and record your results in Table 2. (It is okay 
if your sample breaks.)

   will not bend  can be folded can be easily 
without breaking without breaking  rolled into a tube
 0 1 2 3 4 5 6 7 8 9 10

Table 2. Bioplastic Characteristics

 Flexibility Clarity % of Original Volume

Gelatin

Batch 1

Batch 2

Batch 3

Agar

Batch 1

Batch 2

Batch 3

STUDENT GUIDE
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7 . Use Table 3 to record further notes and observations on your samples. Consider the following questions to 
guide your observations:

a . If it broke when bending, how did it break (e.g., did it snap in two cleanly or did it shatter into small pieces)?

b . Was it elastic (i.e., did it return to its original shape after bending)?

c . Did it change color during the drying process? If so, how and to what degree?

d . Did it change shape, and if so, in what manner?

e . What texture does it have, if any?

f . What are your impressions of its potential usefulness, e.g., what could you make from it?

8 . Pair with another group as directed by your instructor. This group will have tested the monomer that you did 
not test.

9 . As groups, take turns explaining and discussing the results of your testing that you recorded in Table 2 and 
Table 3.

10 . Based on these discussions, fill in the information in Tables 2 and 3 for the monomer that you did not test.

STUDENT GUIDE Laboratory Investigation (continued)
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Laboratory Investigation (continued)

Table 3. Bioplastic Observations

 Notes and Observations

G
el

at
in

Batch 1

Batch 2

Batch 3

A
ga

r

Batch 1

Batch 2

Batch 3
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Analysis (Investigation 1)
1 . Using the following claim, evidence, reasoning table, make an evidence-based claim regarding the functioning 

of the glycerol in the bioplastics. (A claim is a statement you are making about the two equations. Evidence is 
the data or observation that supports your claim. Reasoning should tie together your claim and evidence.)

Claim

Evidence

Reasoning

2 . The term plasticizer sounds like something which converts materials into plastic. Without further context, that 
would be a reasonable interpretation of the word. Glycerol is a plasticizer . Based on this statement, make a 
claim regarding the function of a plasticizer.

3 . Plasticizers work by changing the molecular structure of the plastic. Propose an explanation as to how they 
might change the molecular structure of a polymer. Provide your reasoning.

STUDENT GUIDE Laboratory Investigation (continued)
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Laboratory Investigation (continued)

Name Date

Investigation 2: Designing and Testing a Bioplastic Film
In this investigation you will design, propose, prepare, and test a bioplastic 
film.

Part 1: Designing a Bioplastic Film Recipe
1 . Your challenge in Part 1 is to design a film (e.g., like what might be used 

to make plastic lunch bags or plastic wrap) made from bioplastic. You 
will make predictions regarding the bioplastic’s flexibility, clarity, percent 
of original volume, thickness, and texture. The film must also meet the 
following minimum criteria:

a . made from gelatin, agar, or a combination of the two

b . only one batch may be made

c . batch must be completely poured into one mold with no more 
material left in the beaker than was the case in Investigation 1

d . be very flexible

e . no more than 1 mm thick

2 . Using your data and analysis from Investigation 1, propose a recipe for a 
bioplastic that will meet the minimum criteria outlined in Step 1. Record 
your proposed recipe and reasoning in Table 1.

Table 1. Proposed Recipe for Bioplastic Film

Substance Gelatin (g) Agar (g) Glycerol 
(drops)

Water (mL)

Amount     

Reasoning:

3 . Use Table 2 to record your predictions regarding the proposed film’s 
characteristics with regard to flexibility, clarity, percent of original 
volume after drying, thickness (mm), and texture.

4 . Once you have completed Step 2 and Step 3, ask your instructor to 
approve your proposal. Be prepared to defend your predictions and 
explain your reasoning based on what you have learned in the Prelab and 
Investigation 1.

5 . Your instructor will initial below when your proposal has been approved.

____________

STUDENT GUIDE
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 Materials

25-mL beaker of glycerol 
with pipet

50-mL beaker
250-mL beaker
25-mL graduated cylinder
ceramic fiber square
beaker tongs
hot plate
weigh boat, large
weigh boat, small, 2
craft stick
permanent marker
caliper (optional)

Shared Materials Stations
Station: Gelatin
gelatin
scoopula
digital balance

Station: Agar
agar
scoopula
digital balance



Table 2. Bioplastic Film

Characteristic
Part 1 Part 3

Predicted Result Actual Result Rubric Score

Flexibility    

Clarity    

% of Original Volume    

Thickness    

Texture    

Rubric Total:

Part 2: Preparing a Bioplastic Film

 Safety

 • The heated solution produced in the preparation of your bioplastics is extremely hot and will stick to your 
skin and other surfaces potentially causing severe burns. Avoid thermal burns by avoiding contact with melted 
materials and by always using tongs.

 • Do not leave your hot plate unattended at any time. Avoid contact with its surface even after it has been turned 
off or unplugged. It will remain hot and dangerous for an extended time.

Procedure
1 . Use your recipe and the procedures outlined in Investigation 1 to make your bioplastic batch.

2 . Remember to use caution when working with the hot plate and the materials you have heated on it.

3 . You will be working with smaller amounts of material during this preparation. Because of this it will take less 
time to prepare, so keep a close watch on your material while heating it .

4 . Remember to turn off and unplug your hot plate when you have completed your batch.

5 . Clean your glassware and dispose of used materials as directed by your instructor.

6 . Carefully move your filled mold to a location designated by your instructor, and allow it to dry overnight. 
(Carry the mold by holding its extended edges on both sides.)
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Laboratory Investigation (continued)

Part 3: Testing Bioplastic Film
1 . Obtain your dried bioplastic film.

2 . Remove it from its mold by again pushing up on the underside of the mold and carefully peeling 
the film from the mold.

3 . Record your initial impressions of your bioplastic film here.

4 . Test your sample for the characteristics that you predicted earlier. Record your results in Table 2 (on page S-16).

5 . Once you have tested your film, use the following rubric to evaluate the success of your design.

Rubric

Result Score 

Exactly as Predicted 2

Somewhat as Predicted 1

Not at All as Predicted 0

6 . Now, total your rubric score and evaluate your design using the following scale. Circle your result.

Total Score Evaluation

9 ≤ x ≤ 10 Highly Successful

8 ≤ x < 9 Successful

7 ≤ x < 8 On the Right Path

x < 7 Back to the Drawing Board

Analysis (Investigation 2)
1 . Evaluate the degree to which your results matched your predictions.

2 . Make evidence-based claims explaining any discrepancies between your predicted results and your actual results.

STUDENT GUIDE
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1 . Make evidence-based claims regarding the degree of crystallinity of the structure of gelatin and agar bioplastics.

2 . Based on the supplied structural formulas, make evidence-based claims regarding whether gelatin and agar are 
addition or condensation polymers.

Gelatin

Agar

STUDENT GUIDE Assessment

Name Date
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Assessment (continued)

3 . Use the illustration and your analysis 
from Investigation 1 to make a claim 
regarding the mechanism that allows 
plasticizers to function.

 

4 . Make a final claim regarding the Investigative Phenomenon: What is plastic?

5 . Make a final claim regarding the Driving Question, “How can you change the behavior of a plastic by altering 
its molecular structure?”

6 . Propose a recipe that would improve the design of your bioplastic film from Investigation 2. Explain the 
reasoning behind your choices and how those choices will improve upon your previous design.

Substance Gelatin (g) Agar (g) Glycerol (drops) Water (mL)
Amount     

Reasoning:

STUDENT GUIDE
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