Advance Polymer Lab
Lab Purpose: 

The purpose of this lab is to investigate a variety of polymers.  The properties of these polymers includes one with no cross-linking, one with temporary cross-linking, one with permanent cross-linking and  the use of a condensation reaction needed to produce useful polymers.

Background: 

Polymers are long, chain-like molecules composed of multiple repeating units of smaller molecules, called monomers, which have been joined together by a chemical reaction.  These chains can be thousands of atoms long and have a molecular weight of over 2,000,000.  Because these long molecular chains have intermolecular forces of attraction between them, they can be molded into useful objects.  The bridges can be permanent covalent bonds or temporary Hydrogen bonds and are said to be “cross-linked”.   The cross linking gives the polymer new properties.
 Polymers can also be classified into two main categories based on the nature of the chemical reaction by which they are made.  Addition polymers are formed when organic compounds containing one or more C=C double bonds add to each other.  Addition reactions typically require a catalyst to initiate the reaction, but once a reaction starts, it will continue as a chain reaction until thousands of monomer units have been added together.  Condensation polymers are formed when monomers with different functional groups combine to form a new functional group.  Condensation reactions usually generate a simple by-product such as water or hydrochloric acid, which is split off when two functional groups combine.  Condensation polymers are formed in a stepwise process and are usually smaller than addition polymers.

A thermoplastic material  

Depending on the degree of the intermolecular interactions that occurs between the polymer chains, the polymer can take two different types of structures, amorphous or crystalline structures, being possible the existence of both structures in the same thermoplastic material:

· Amorphous structure - polymer chains acquire a bundled structure, like a ball of thread disordered, amorphous structure that is directly responsible for the elastic properties of thermoplastic materials.

· Crystal structure - polymer chains acquire an ordered and compacted structure, it can be distinguished mainly lamellar structures and micellar form. This crystal structure is directly responsible for the mechanical properties of resistance to stresses or loads and the temperature resistance of thermoplastic materials.

If the thermoplastic material has a high concentration of polymers with amorphous structures, the material will have a poor resistance to loads but it will have an excellent elasticity. But on the contrary, if the thermoplastic material has a high concentration of polymers with a crystalline structure, the material will be very strong and even stronger than thermoset materials, but with a little elasticity that provides the characteristic fragility of these materials. 


Properties of thermoplastic materials are: 

· It may melt before passing to a gaseous state.

· Allow plastic deformation when it is heated.

· They are soluble in certain solvents.

· Swell in the presence of certain solvents.

· Good resistance to creep.

In this lab:
· Polystyrene will represent a polymer with no cross links

· Polyvinyl alcohol will represent weakly cross-linked with the hydrated borate ion.  This forms a semi-rigid mass when it is kept in motion.  
· Sodium polyacrylate represents strong cross-linked polymer with superabsorbent properties.  It can form a gel by absorbing as much as 800x its weight of water.  

· The bouncy ball polymer represents a chemical known as water glass because it dissolves in water. 

· Polyester is the condensation polymers containing the ester functional group.
· Polyurethane made in activity B is an exothermic polymerization reaction and has a high degree of cross linking 

· Nylon  is in the family of polyamide polymers and is a condensation polymer 
· Thermoplastin materials are those materials that are made of polymers linked by intermolecular interactions or van der Waals forces, forming linear or branched structures.
Materials and Procedures:

Will be under each activity section. 
Observations:
1. Synthesis of Polyester Activity:

a. Describe the appearance and properties of the reactants

b. Observations during heating

c. Appearance and properties of product

2. Synthesis of Nylon:
a. Describe what happened in the nylon experiment.  Include all observations you made about the substance produced.

3. Bouncy Ball Activity

a. In the bouncy ball activity, How high did the ball bounce?  

b. Calculate the volume for the bouncy ball using the formula:

4/3 x  3.14 x r3
c. Find the mass of the bouncy ball 

d. Using the mass and volume, calculate the density of the .            .           bouncy ball
4. Cross-Linked Polymer Activites:

a. In the styrofoam cup in acetone activity describe your observations.

b. What evidence suggested that Styrofoam cup did not significantly dissolve in the acetone?
c. In the sodium polyacrylate activity describe your observations

d. When sodium chloride was added to the sodium polyacrylate and water what happened?  Why did this happen?
e. In the polyvinyl alcohol activity, describe your observations.
5. Synthesis of Polyurethane Activity: 
        a. Describe your observations
 Questions:
1. What was the purpose of this polymer  lab?

2.  Define Condensation polymers
3. What was an example of  a condensation polymer in this lab?  
4. What made it a condensation  polymer?
5. Why do condensation polymers generally have lower molar masses than addition polymers?

6. Why do polymers have higher viscosities than monomers or smaller molecules?

7. Glycerol reacts with phthalic anhydride to form a cross-linked polyester ( several polymer chains tied together  into a 3D network.  Draw a diagram that shows why using glycerol instead of ethylene glycol produces a cross-linked polyester.

8. What functional group is contained in the polyester?

9. In the polyurethane activity what reaction causes the foam to expand to 30 times its original volume?

10. In the nylon activity why does the nylon form only at the interface of the two solutions?

11. Draw the crosslink’s formed by the polyvinyl alcohol

12.   What kind of cross-links were formed by the polyvinyl alcohol and hydrated borate ion?
13. The slime that you prepared in this lab stretches when pulled slowly, but breaks if pulled quickly.  Based on its structure, offer an explanation.
14. What type of cross-links were present in the sodium polyacrylate?
15. Draw the crosslink’s formed by the polystyrene 
16. What is a thermoplastin?

17.   What determines the structural form the thermoplastin takes?

18.  In the  thermoplastic activity, what are some practical applications for thermoplastics?
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Polyesters are condensation polymers containing the ester functional group. The most common polyester is polyethylene
erephthalate (PETE or PET), which is used to make beverage and other food containers, as well as synthetic fibers (Dacron®;
and films (Mylar®). The ester functional group is obtained by condensation of an organic acid (RCO,H) with an alcohol (R'OH)
with water as a by-product (Equation 1). The structure of PETE and the monomers from which it is made are shown in Equatior
2. Notice that both monomers contain two functional groups, one at each end. Without two functional groups in each monomer, ¢
polymer chain would not form.

Activity A. Synthesis of Polyester

[0}
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€arboxylic acid  Alcohol Ester Water
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PETE

In this activity, a similar polyester will be formed by reaction of a carboxylic acid derivative called phthalic anhydride with
cthylene glycol (Equation 3).
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Phthalic Ethylene “Polyester”
anhydride glycol

Pre-Lab Questions (Use a separate sheet of paper to answer the questions.)

1. Read the Safety Precautions and the entire Procedure section. What are the main hazards involved in working witt
phthalic anhydride in this experiment?

2. Why do condensation polymers generally have lower molar masses than addition polymers?

Materials
Ethylene glycol, HOCH,CH,OH, 0.5 mL Paper cup or cardboard
Phthalic anhydride, C{H,0;, 1 g Pasteur pipets, glass, 3, and pipet bulb
Sodium acetate, NaC,H,0,, 0.05 g Ring (support) stand
Balance, centigram, 0.01-g precision 2 Test tube, borosilicate glass, medium
Bunsen burner > Weighing dish, small

Buret clamp, plain-jaw (uncoated)

Safety Precautions

Ethylene glycol is toxic by ingestion, inhalation or skin absorption. Phthalic anhydride is irritating to the skin and eyes ana
s a skin sensitizer, especially after contact with water. It is slightly toxic by ingestion. Use only Pyrex or borosilicate glass tes
ubes, and check for cracks or chips before using the glassware. Avoid contact of all chemicals with eyes and skin. Work witl
olatile organic compounds in a fume hood or in a well-ventilated lab only, and avoid breathing the vapors. Wear chemical splask
soggles, chemical-resistant gloves, and a chemical-resistant apron. Wash hands thoroughly with soap and water after completing
he activity. — -
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1. Obtain about 1 g of phthalic anhydride in a small weighing dish. Caution: Do not allow phthalic anhydride to come in con-
4 tact with skin.

2. Tare (rezero) the balance with the weighing dish and phthalic anhydride and weigh about 0.05 g of sodium acetate into the
mixture.

3. Carefully transfer the mixture of solids to a medium Pyrex test tube.
4. Using a glass Pasteur pipet, add about 0.5 mL of ethylene glycol to the test tube.

5. Using a plain-jaw (uncoated) buret clamp, attach the test tube Lo a ring stand at a 60° angle (see Figure 1). Make sure the
‘mouth of the test tube is fot facing you or your fellow students.

Figure 1. Preparation of a Polyester.

6. Light a Bunsen burner and adjust the gas supply and air inlet to obtain a small flame (no more than 5 cm high). Caution:
Make sure there are no open bottles of chemicals in the area of the Bunsen burner.

- 7. Slowly brush the burner flame across the bottom of the test tube to gently heat the contents. The mixture will melt and then
begin to bubble as the ester forms. Do NOT place the test tube directly in the burner flame. Immediately remove the flame
if the liquid boils too vigorously or if it starts to foam.

8. Slowly heat the test tube in this manner until the liquid turns pale yellow. Remove the burner flame and allow the test tube
10 cool for 2-3 minutes. Remove the clamp from the ring stand and pour the product into a paper cup or onto a piece of
cardboard.”

9. Allow the polymer to cool and harden, and record observations in the data table.

Disposal

Dispose of the polymer products as directed by the instructor.

Data Table

>
Observations

Appearance and
Properties
of Reactants

Observations
During Heating

Appearance and
Properties
of Product(s)

e
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Activity B. Polyurethane

There are many types of polyurethane, including fibers, coatings, elastomers, flexible foams, and rigid foams. In this
activity, a rigid polyurethane foam is produced by mixing equal parts of two liquids, referred to as Part A and Part B. The
lightweight foam expands to about thirty times the original volume and hardens in about five minutes. Polyurethane foam is
used in upholstery cushions, insulation, packaging, and flotation devices. Part A is a viscous, cream-colored liquid containing
a polyol, a surfactant, and a catalyst. The polyol is polypropylene glycol [HO(C,H,0),H]. The hydroxyl (-OH) ends are the
reactive sites in this material. A silicone surfactant reduces the surface tension between the liquids and the catalyst speeds up
the reaction. Part B is a viscous, dark brown liquid containing diphenylmethane diisocyanate [(C4H,),C(NCO),] and oligomers
(dimers, trimers or tetramers). When the polyol (Part A) is mixed with the diisocyanate (Part B), an exothermic polymerization
reaction occurs, producing a pdlyurethane (Equation 1).

' e

(0]
. I l
N-R-N=C=0 — t0-R-0—-C—-N-R-N-C

n Egquation 1

HO-R-OH + O
Polyol Diisocyanate Polyurethane

In a secondary reaction, water reacts with the diisocyanate to produce carbon dioxide gas (Equation 2). The gas expands and
creates pores in the polymer product. The multifunctionality of both reactants leads to a high degree of crosslinking in the product,
causing it to become rigid within minutes.
aun HO o H Equation 2

[ ! | I
0=C=N—-R-N=C=0 + 2H,0 — HO—C-N-R-N-C—-OH — H-N-R~N-H + 2CO,(g)

Pre-Lab Questions (Use a separate sheet of paper to answer the questions.)

1. Read the Safety Precautions and the entire Procedure section. What are the main hazards involved in working with poly-
urethane foam system (Part A and Part B)?

2. What reaction causes the foam to expand to 30 times its original volume?

Materials
Polyurethane Foam System (Part A and Part B) Stirring rod or craft stick
Disposable cups (clear plastic), 2 Acetone (optional)
Paper towels Food coloring (optional)
Safety Precautions

Perform Activity B in a well-ventilated lab only. Avoid breathing any vapors and avoid skin contact—both reagents (Part A
and Part B) may act as skin and body tissue irritants. Do not touch the foam until it has completely hardened (about 510 min-
utes). Wear chemical splash goggles, chemical-resistant gloves, and a chemical-resistant apron.

Procedure

1. Pour approximately 20 mL of liquid Part Agmo a disposable plastic cup. Note: The exact volume is not critical. Add a few
drops of food coloring, if desired, and stir thoroughly to mix.

2. Pour approximately 20 mL of liquid Part B into a second disposable cup.
3. Spread paper towels or newspaper on the table and place one of the cups in the center.

4. Pour the contents from the second cup into the cup on the paper towels and stir thoroughly until bubbles form and the mix-
ture begins to expand. Remove the stirring rod and place it on the paper towels.

5. Carefully feel the sides of the cup and observe the signs of chemical change as the reaction proceeds and any physical
changes that result.

6. Record detailed observations in the data table and identify any changes as physical or chemical. Be specific—there shoulc
be at least five or six “signs” of chemical and physical change,=

7. Do not touch the foam until it is completely hardened. S > -
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fn 1939, the DuPont Company exhibited nylon, the world’s first synthetic polymer fiber, at the “World of Tomorrow” World’s
Fair in New York City. Female models played tug-of-war with nylon stockings to demonstrate the unique propertics of nylon—
«as strong as steel, as fine as a spider’s web, yet more clastic than any of the common natural fibers!” What is nylon and how can
nylon be prepared?

Nylon is a generic name for a family of polyamide polymers. Polyamides are condensation polymers obtained in the reaction
of an organic acid with an amine. During a condensation reaction, a molecule of water is also formed as a byproduct (Equation 1).

1n order to obtain a polymer, the organic compounds must be difunctional, that is, they must contain a reactive functional group at
each end of the molecule.

o« o
| R Il
Tl T BNCCH R ol + H0
R TOH R” TNH-CHR' Equation 1
Acid Amine Amide Water

Nylon is a very durable, water-resistant, strong. and lightweight fiber. Sixty-five years after its discovery, nylon is still one
of the most widely used synthetic fibers. Nylon is essential for camping and is used for tents, sleeping bags, climbing ropes. and
backpacks. It is also used in sails, parachutes, fishing nets, and fishing line. Exercise clothing, windbreakers, socks, shorts, and of
course, “nylon” hose are all made from nylon. In the home, nylon is used for carpeting, luggage. and most tooth- and hairbrushes.
1t is hard not to come in contact with this wonder fiber sometime during the day!

The various nylons are named by a numbering system that indicates the number of carbon atoms in the reacting units. The
first number represents the number of carbons in the diamine and the second number represents the number of carbons in the
diacid. Note that the diacid is usually replaced by a diacy! chloride (COCI) to make it more reactive. Nylon 6,10 is made from
sebacoyl chloride and hexamethylene diamine (Equation 2).

o

Il I
Cl—C—(CH)s—C—Cl + H,N—(CHy)g—NH» =

Sebacoyl chloride Hexamethylene diamine Equation 2
o)
I u H
C—(CHQ)K—C——N——(CHz);,—N + 2HCI
n
Nylon 6,10

Pre-Lab Question (Use a separale sheet of paper to answer the question.)
Read the Safety Precautions and the entire Procedure section. What are the main hazards involved in working with
hexamemylenediaminc»sodium hydroxide solution and sebacoyl chloride/hexane solution in this experiment?
Materials
Sebacoyl chloride solution, C\uHmOzClzv 0.25 M in hexane, 10 mL.
Hexamethylenediamine solution, CgH, N 0.5 M in 0.5 M aqueous NaOH, 10 mL

Beaker, 50-mL & Paper towels

Beral pipet, disposable (optional) ) Pasteur pipet and bulb

Food coloring, diluted (optional) Stirring rod

Graduated cylinder, 10-mL Wash bottle with distilled or deionized water

Paper clip, large
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The solution of hexamethylenediamine contains 0.5 M sodium hydroxide. It is a toxic and corrosive liquid. Sebacoyl chlorid,
has a suffocating acid odor. Sebacoyl chloride and hexane are flammable liquids and fire risks—keep away from all flames anc
sparks. Perform Activity C in a hood or in a well-ventilated lab only and avoid contact of all chemicals with eyes and skin. Rins
the nylon thoroughly with water before handling, and have students wash hands with soap and water after performing this activ
ity. Wear chemical splash goggles, chemical-resistant gloves, and a chemical-resistant apron.

Procedure

1i

. Add 1-2 drops of diluted red food coloring to the hexamethylenediamine solution until it is a pale pink color. (The pinl

Add 10 mL of the hexamethylenediamine—sodium hydroxide solution to a small beaker.

color will make the nylon strands' more visible.)

. Using a disposable glass (Pasteur) pipet, slowly add 10 mL of the sebacoyl chloride (hexane) solution down the side of th

beaker. Try not to mix the two solutions, and do NOT stir.

. The two immiscible liquids will form separate layers in the beaker. The sebacoyl chloride/hexane solution will be the

upper layer and the hexamethylenediamine aqueous solution will be the lower layer. Observe the formation of an insolubl
white or pink film at the interface between the two solutions.

. Open a large paper clip to form a hook, and insert the hooked end into the nylon film at the interface between the two lig

uids. Slowly pull the nylon out of the beaker—it should come out in the form of long, thin, wet-looking strands.

. Wrap the nylon strand around a stirring rod. Slowly turn the stirring rod to remove the nylon from the beaker. Continu

pulling until no more nylon is left in the beaker. (Reinsert the paper clip hook as needed to start fiew strands.)

. Wash the nylon strands by rinsing with water several times, and lay the nylon strands on a paper towel to dry.

. Test the properties of the nylon fiber. How strong is it? What solvents does it dissolve in?

Post-Lab Questions (Use a separate sheet of paper 10 answer the foilowing questions.)

1.
2.

Describe what happened in this experiment. Include all observations you made about the substance produced.
Why does the nylon form only at the interface of the two solutions?
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il STYROFOK
1. Pour 10 mL of acetone into a glass petri dish. Set an expanded polystyrene - feup -
(STYROFOAM) cup into the acetone. After a few minutes, examine the polysty- o

rene. Using a metal scoop or spoon, lift out the polystyrene and place it

onto a paper towel. Using an eye dropper, place a few drops of the acetone ~Acetone.
from the petri dish onto a watch glass and allow to evaporate. Dispose of the %
remaining acetone into a metal safety can. ~Z -

Observations: Figure 40-1

SLIME

2. Pour 25 mL of 4% polyvinyl alcohol into a 50 mL beaker. With stirring,
slowly add 3 mL of 4% sodium borate solution. Pour the gel onto the bench
top. Pick it up and knead it into a ball. Pull it slowly. Pull it quickly. Hold > e
part of it in your hand over the beaker and let the rest stretch downward.

Observations:
Figure 40-2
Dropping
CAUTION Although sodium polyacrylate is non p__—pipettes
toxic, it readily absorbs water. For this / \
reason, its dust should not be
inhaled. &
8

3. Place two 10 cm squares of paper towels on the bench, about 5 cmapart. Lightly 4 eated

LT

sprinkle one of the paper towels with sodium polyacrylate polymer. Cover each towels Bolifner
paper towel with a second paper towel. SLOWLY empty a water-filled eye drop- tre!te i
per onto the center of the first pair of paper towels and then onto the other towels
pair. Repeat until one pair of the paper towels appears saturated with water. Re-

move the top paper towel and examine each. See Figure 40-3. Figure 40-3
Observations:

Strategy for Inferring

Imagine how the polymers must be
put together in order to exhibit
certain properties. Which of the
structures described in the introduc-
tion fits each product?

[

In the center of a clean petri dish lid, lightly sprinkle a few grains of sodium
polyacrylate polymer. Slowly add a few drops of water until a gel forms. By
repeating this process, form a tower of gel, 2 cm high. Then, sprinkle a few
grains of salt onto the top. See Figure 40-4.

Observations:

Figure 40-4
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Polystyrene ‘

Polyvinyl alcohol can be weakly cross-linked with the hydrated borate ion.
This polymer forms a non-Newtonian gel, which has properties similar to the
SLIME that is manufactured by Mattel Toy Corporation. When kept in motion,
it forms a semi-rigid mass; when held steady, it flows.

?H —CH,—CH—CH,—CH—CH,—CH—CH;—CH—CH,—CH—| CHZ_TH —CH,—CH— CHZ—?H CH;—?H—
OH OH OH OH OH OH OH

H OH H H OH OH OH H OH OH
~CH—CHy—CH—CHy — CH—CHy— CH—CHy— CH— CHy— CH— CH,— CH—CHy— CH—CH,—CH—CH, — CH-~

Polyvinyl Alcohol Cross-linked with Borate Ion

Sodium polyacrylate is a strongly cross-linked polymer which has superabsor-
bent properties. It can form a gel by absorbing as much as 800 times its weight
of water. Currently it is used to coat seeds before planting and to remove water
from diesel and aviation fuels. Some brands of disposable diapers contain this
superabsorbent polymer. Formore on Polymers, read Chapter 21, Section 21.3 in
the textbook. Q,-

Safety

Take the necessary precautions before beginning this experi-
ment. Wear safety goggles, apron, and gloves. Read all safety

g cautions in your procedures and discuss them with your teacher.
It is important to use good safety techniques while conducting
experiments. See pages 8 through 11.

Apparatus

graduated cylinder, 10 mL medicine dropper

petri dish, glass watch glass

metal scoop or spoon stirring rod

beaker, 50 mL metal safety can for acetone waste

Materials

acetone 4% sodium borate

STYROFOAM cup’ squares of paper towel

paper towel sodium polyacrylate

4% polyvinyl alcohol NaCl

Recording Your Observations

After completing each of the procedures, record your observations in the

spaces provided.

Procedures

CAUTION Acetone is a flammable liquid. Do not Y
use in the presence of sparks or -
flame.
206  Experiment 40 Polymers
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12 Molds 24 Packets of Powder (BALL-115)
(BALL-115 only) 12 Packets of Powder (BALL-110)
Also Needed:
2 Stopwatch
* Scissors Cup of Water orClodk
Instructions:

1. Add a drop of dish soap to the cup of water.

2. Asscmblea meold, and squeeze it until it
clicks closed.

3. Cut open a packet of powder.

4. Pour the powder into the mold. Tap the
mold lightly on the table so the powder settles.

5. Submerge the mold in the cup of water for
one minute.

6. Remove the mold and let it sit for three
minutes.

Bounce!

7. Carefully open the mold and allow the ball
to sit for five minutes before bouncing.

[0 keep the ball bouncy, store in a sealed plastic
ontainer, such as a zip-top bag.
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