
WEDNESDAY, 11 NOVEMBER 2015

MATRL 100A: Structure and Properties I, Problem Set 6

This problem set is due in lecture on Wednesday, Nov 18th in hard copy. Write neatly, show your work
clearly, and include units in all answers. While you are free to discuss this problem set with your classmates,
the product that you turn in must be your own work. Do not copy or paraphrase each other’s work or copy
solutions from the internet.

Chapter 14, Polymers

1. Draw structures for the following polymers (using the standard linear notation used in the book)
calculate the repeat unit molecular weight:

(a) polystyrene

(b) PTFE

(c) PMMA

(d) PET

(e) polylactic acid (PLA)

(f) polybromochlorodifluoroethylene

(g) Nylon 6,6

2. Figure 1 lists molecular weight data for a polypropylene material. Compute

(a) the number-average molecular weight

(b) the weight-average molecular weight

(c) the degree of polymerization

Figure 1: Molecular weight data for a polypropylene material

3. HDPE may be fluorinated by exposing the polymer to fluorine gas, causing random substitution of F
atoms for hydrogen atoms.

(a) What concentration of F atoms (in wt%) must be added if this substitution occurs for 25% of all
original hydrogen atoms

(b) In what ways does this fluorinated polyethylene differ from poly(vinyl fluoride)

4. (a) A linear, freely rotating, polymer chain’s linear length will be longer than the sum of its backbone
bond lengths due to angled bonds. Derive an expression for the linear length, L, of a generic
polymer chain with backbone bond length r0 and backbone bond angle θ (see figure 2).
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Figure 2: Schematic showing the relation of L, r0, and θ for a short generic polymer with N = 7.

(b) A linear polyethylene has a number-average molecular weight of 400,000 g/mol; compute av-
erage values of L for this material.

5. The average end-to-end distance, r, (as shown in figure 14.6 in the book) for a freely rotating polymer
with N atoms in the backbone and a backbone bond length r0 is equal to:

r = r0
√
N

Note: This is different from the linear length derived in the previous problem. This is the average
distance between the ends of the polymer, which can be derived from the thermodynamics of how a
freely rotating polymer randomly folds.

(a) A linear poly(vinyl chloride) chain has a molecular weight of 250,000 g/mol and a chain bond
length of 0.153 nm; compute average value of r for this material.

(b) A linear polymer has an average molecule weight of 368,950 g/mol, an average end-to-end
distance of 25 nm, and a chain bond-length of 0.154 nm. What polymer is it? Hint: find the
molecular weight of the repeating unit and consider common polymers studied in this chapter.
Justify your answer.

6. Using linear schematics, sketch portions of linear polyacrylonitrile chains that are:

(a) syndiotactic

(b) atactic

(c) isotactic

7. (a) Determine the ratio of butadiene to polystyrene repeat units in a copolymer having a number-
average molecular weight of 400,000 g/mol and a degree of polymerization of 4525.

(b) Which type(s) of copolymer(s) will this copolymer be: random, alternating, graft, and/or block?
Why?
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