Polymer Synthesis            Final Exam                      6-11-08
1. (15 points) Explain or illustrate the followings.
a. In the radical chain polymerization, head to tail placement of monomers are mostly encountered.
b. Autoacceleration (polymerization rate increase with reaction time) is observed in the radical chain polymerization.
c. It is very hard to get high molecular weight polymers from allylic monomers (CH2=CH-CH2-X).
2. (20 points) Complete the following reactions. You don’t have to list all the intermediates, while list the major products from the overall reactions.
a.  H2O2 + Fe2+    →
b. 
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3. (18 points) We polymerize a monomer (M) using a radical initiator (I). To control the molecular weight we intentially added a chain transfer agent (XA). We chose XA because it reacts so rapidly with growing radicals, then the normal termination such as coupling and disproportional reactions by two growing radicals can be eliminated in the polymerization. The chain transferred radical is stable and cannot be added to monomer, while it can be reacted with the growing readical and it can chain transfer to initiator generating a new growing radical.

a. Write the all the possible reactions in this polymerization.

b. Write all possible steady state equations in this polymerization.

c. What are the polymerization rate and the rate of disappearance of initiator ? 
You don’t have to eliminate the radical concentration terms in b and c.
4. (12 points) Derive rate of polymerization (Rp) and degree of polymerization (Xn) in emulsion polymerization. You need all the basic constants and parameters for radical chain polymerization, and also additional parameters such as concentration of micelles plus particles, average number of radicals per micelle plus particles, Avogadro number to obtain these.
5. (20 pts) In the solution polymerization of styrene (1.0 M) using peroxide (0.01 M) as an initiator, the initial rates of initiation and polymerization are 4.0 ( 10 –11 mole/liter-sec and 1.5 ( 10 –7 mole/liter-sec, respectively. The chain transfer constants are given CM = 8.0 ( 10 –5, CI = 3.2 ( 10 –4 , CP = 1.9 ( 10 –4, and CS = 2.3 ( 10 –6, respectively. Calculate the values of (fkd), the initial kinetic chain length, and the initial degree of polymerization. Indicate how often on the average chain transfer occurs per each initiating radical from the peroxide.
6. (15 pts) Discuss briefly the three different types of living radical polymerization in terms of their mechanism and chemistry. 
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