Polymer Chemistry        Final Exam                 12-11-07
 1. (30 pts)The following table shows the standard enthalpies, entropies, free energies, and ceiling temperatures for polymerization systems. 
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(a) Define the ceiling temperature (Tc). Why Tc is equal to (Hop/(Sop?
(b) The standard enthalpies vary over a considerable range, while the standard entropies show much less variation. Why?
(c) Some monomers not shown in this table have floor temperature. Define the floor temperature. Explain why such monomers have the floor temperature not the ceiling temperature. 
2. (15 pts)In radical polymerization, rate of polymerization increase as the temperature increases, while in the cationic polymerization, rate of polymerization can decrease as the temperature increase. Explain why (use the activation energy of propagation and termination of these polymerization systems). (15 pts)
3. (20 pts) A solution of aminoheptanoic acid (H2N-(CH2)6COOH) in m-cresol, having a concentration of 3.3 mol aminoheptanoic acid per kilogram of solution, is prepared and quickly brought to a reaction temperature of 187 oC. 

The rate constant at this temperature was found to be 2.74 x 10-2 kg/mol-min
(a) Derive an expression for the degree of polymerization as a function of reaction time.
(b) Calculate the time required to form polyamide with a number average molecular weight of 6340 g/mol.
(c) What percent conversion of monomer is necessary to produce a polyamide with a number-average molecular weight of 4.24 x 103 g/mol?

(d) What percent conversion of monomer is necessary to produce a polyamide with a weight-average molecular weight of 2.22 x 104 g/mol?
4. (25 pts) Methyl methacrylate (monomer 1) at 5 mol/liter was reacted with 5-ethyl-2-vinyl pyridine (monomer 2) at 1 mol/liter, where the reactivity ratios are r1 = 0.40 and r2 = 0.69.
(a) Derive an equation to obtain the copolymer composition from the reactivity ratio values and monomer concentrations and calculate the copolymer composition of this system.

(b) What molar ratio of monomers in the feed produces a copolymer composition which is same as the feed composition?

(c) What is the average sequence lengths of monomers 1 and 2 ?

(d) What is the probability of forming a monomer 1 having sequence of 8 units long?
(e) What is the run number of the copolymer ?


5. (5 pts) List the following compounds in the order of the glass transition temperature and explain why.
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6. (5 pts) Select the water soluble polymers among the following polymers. You can just draw the water soluble polymers in the answer sheet. (Extra point if you name the water soluble polymers).
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[image: image1][image: image4.png]TABLE 101 STANDARD ENTHALPIES, ENTROPIES, FREE ENERGIES, AND CEILING TEMPERATURES

FOR POLYMERIZATION OF VARIOUS MONOMER.POLYMER SYSTEMS AT 25-C"

-aH; —as; -ag; Ceiling Temperature
Monomer (alimol)  (caldegmol)  (kealimol)  (‘C)(T, = AHIAS)
Acetaldehyde - = — 351040
Butadiene 176 205 1s 585
n-Butgraldehyde 51 23 = Zast
Chloral 80 20 - 13t
Ethylene 22 2 140 610
Formaldehyde 74 1 17 118
Isobutylenc 129 288 43 175
Isoprene. 179 22 107 66

Methyl methacrylate 132 % 49 198
a-Methylstyrenc 54 28 10 6
Swyrene 167 250 92 395
Tetratluoroethylene 3 28 2 1100

246 Trimethylstyrene 167 - & -
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