Exercises

1- What is the degree of polymerization of each of the following polymers with molecuare weight 100,000:
a) Polyacrylonitrile
b) Polycaprolactam
c) Polystyrene
2-What is the functionality of the following monomers in reaction with a) methyl methacrylate and b) ethylene glycol

i) Divinyl benzene

ii) Maleic anhydride

iii) Acrylic acid

3-How would you determine experimentally whether the polymerization of an unknown monomer was proceeding by a step or a chain polymerization?

4- In which of the following polymers will hydrogen bonding predominate?


a) 
Natural rubber (NR)


b) 
Linear polyethylene 


c) 
Cellulose


d) 
Cellulose nitrate

5-Which of the following products are polymeric?

a) Water

b) Wood

c) Meat

d) Cotton

e) Rubber tires

f) Paint

6- Which of the following is a thermoset  or crosslinked polymer?

a) Cellulose

b) Unvalcanized rubber

c) Cellulose nitrate

d) Molded Bakalite

7- What is the degree of polymerization (DP) of low density polyethylene (LDPE) having an average molecular weight (M) of 22,974?

8- Show a head-to-tail and a head-to-head configuration for poly(vinyl alcohol).

9- Show the structure of a typical portion of the chain of (a) syndiotactic PVC, (b) isotactic PVC

10- Which will have higher glass transition temperature (Tg): (a) poly (methyl methacrylate) or (b) poly (butyl methacrylate)?
11. Show that for the external acid-catalyzed polymerization of an equimolar mixture of a diacid and diol the time required to go from 98% to 99% conversion is nearly equal to the time to reach 98% conversion from start of polymerization.

12. Calculate the feed ratio of hexamethylene diamine and adipic acid that should be employed to obtain a polyamide of approximately 10,000 molecular weight at 99% conversion. What is the identity of the end groups of this product?

13. Poly(ethylenoxy benzoate), a fiber forming polymer produced by the interchange reaction 


n HOCH2CH2O-Ph-COOCH3​(-(-OCH2CH2O-Ph-CO-)n- + n CH3OH


is too viscous to spin conveniently when its Mn exceeds 50,000. How would you adjust the polymerization recipe so that Mn does not exceed this value?

(Answer a monofunctional impurity like Ph-COOCH3 or Ph-COOH should be added x= 0.0033)

14. If the fractional conversion in an ester interchange reaction is 0.99999, what would be the DP of the polyester formed?

15. Which will yield the lower index of polydispersity: (a) p=0.999 or (b) p=0.90?

2.9 If the values of Co and k are 10 mol L-1 and 10-3 L mol s-1, respectively, how long would it take to obtain a DP of 37?

16. Which would be higher melting: (a) a polyamide or (b) polyester with similar numbers of methylene groups in the repeat units?

17. It has been reported that aminoheptanoic acid H2N-CH2-(CH2)4-CH2-COOH, in m-cresol solution undergoes condensation polymerization to a polyamide. The reaction was found to be second-order in amino acid concentration, with the following rate constants:



T(oC)


150



187


k (kg/mol-min)

1.0 x 10-3


2.74 x 10-3
(a) Write a balanced equation that describes the conversion of monomer to a polymer of molecular weight of 12,718 g/mol.

(b) Calculate the activation energy of the reaction 

(c) What percent conversion is necessary to produce a polyamide with a Mn of 4.24x103 g/mol?

(d) What percent conversion is necessary to produce a polyamide with a Mw of 2.22x104 g/mol?

18. If some head-to-head configuration is detected in a polymer chain known to propagate by head-to-tail addition, what type of termination has occurred?

19. If an initiator has a half-life of 4 h, what percentage of this initiator will remain after 12 h?

20. What is the limiting step in free radical chain polymerization?

21.In general, which is more rapid: (a) free radical chain polymerization or (b) step reaction polymerization?

22. A polydisperse sample of polystyrene is prepared by mixing three monodisperse samples in the following proportions:

1 g 10,000 molecular weight
2 g 50,000 molecular weight

2 g 100,000 molecular weight

Using this information, calculate the number-average molecular weight, weight-

average molecular weight, and polydispersity index of the mixture.
23. A polydisperse sample is prepared by mixing two monodisperse samples in the following proportions: 
10 mol 10,000 molecular weight

5 mol 50,000 molecular weight

Using this information, calculate the number-average molecular weight, weight-average molecular weight, viscosity- average molecular weight and PDI of the mixture.
24. Write down the reaction scheme for the polymerization of an (-amino carboxylic acid

The following data were obtained during the condensation of 12-hydroxy stearic acid at 433.5 K in the molten state by sampling the reaction mixture at different times. [COOH] was determined for each sample by titrating with ethanloic sodium hydroxide.

	t(h)
	[COOH] (mol/l)

	0
	3.10

	0.5
	1.30

	1.0
	0.83

	1.5
	0.61

	2.0
	0.48

	2.5
	0.40

	3.0
	0.34


Determine the rate constant for the reaction under these conditions and the order of the reaction. Also suggest whether or not a catalyst was used. What would be the extent of the reaction after one 1 h and 5 h?

25. Neglecting the contribution of the end groups to the polymer molar mass, calculate the % conversion of functional groups required to obtain a polyester with a number average molecular mass of 24000 g/mol from the monomer HO(CH2)14COOH.

29. Consider a stepwise polymerization to make Nylon in which a stoichiometric mixture of diamine and diacid are used. A reactor is charged with [diamine] = 0.25M and the rate constant at the reaction temperature is observed to be 1.45 M-1 sec-1.

(a) If you want the average chain length for the Nylon to be in the range of 250-275 repeat units, how long should you allow the reaction to proceed before “dumping” the reactor?

(b) Qualitatively, would you expect there to be any difference in the chain length after the same time period if the temperature was increased by about 50°?

_________________________________________________________________
1. Consider chain polymerization in which the rate constants for the various steps have been reported as initiation = 0.15 min-1, propagation = 25.0 min-1, and termination = 0.10 min-1

(a) Assuming that 60% of the initiator molecules successfully generate free radicals that initiate a chain, what is the average chain length for a polymerization process with a monomer concentration of 0.5M and an initiator concentration of 0.005M?

(b) If your objective was to make longer polymer chains, what adjustment(s) would you make to the variables you can readily control?

2. Assuming that in free radical polymerization the rate constant can be:




kd = Ad exp( -Ed/RT)




kp = Ap exp( -Ep/RT)




kt = At exp( -Et/RT) 

Calculate the changes in the rate of polymerization caused by increasing the temperature of polymerization of styrene in benzene initiated by AIBN from 60oC to 70oC given that:




Ep= 34 kJ/mol




Et = 10 kJ/ mol




Ed = 126 kJ/mol

Assume that the concentration of monomer and initiator remain constant during the heating.

3. 
Styrene is added to a solution of sodium naphthalenide in tetrahydrofuran so that the initial concentration of styrene and the initiator in the reaction medium are 0.20 M and 0.001 M respectively. After 5 seconds of the reaction the styrene concentration is determined to be 1.73 x 10-3 M. Calculate

a) The rate constant for the propagation of the polymerization.

b) The initial rate of polymerization.

c) The rate of polymerization after 10 s.

d) The number average molecular weight of the polymer after 10 s.
4. (a) A benzene solution contains vinyl acetate at 3.5 M and vinyl chloride at 1.5 M. Copolymerization of this mixture was affected by 0.1% azobisisobutyronitrile (AIBN) at 60oC. The reactivity ratios of the two monomers are r (Vinyl acetate) = 0.23 and r (Vinyl chloride) = 1.68. Calculate the composition of the copolymer first formed.


(b) Styrene is added to a solution of sodium naphthalenide in THF so that the initial concentrations of styrene and sodium naphtalenide in the reaction mixture are 0.2 M and 1x10-3 M, respectively. After 5 s of reaction at 25oC, the styrene concentration is determined to be 1.73 x 10-3 M. Calculate:

i) The rate constant for propagation of polymerization

ii) The initial rate of polymerization

5.The initial concentrations of styrene [S]o, and acrylonitrile [AN]o employed in a series of low conversion free radical copolymerization are given in the table together with the nitrogen corresponding to the copolymer

	[S]o mol/l
	3.45
	2.60
	2.10
	1.55

	[AN]o mol/l
	1.55
	2.40
	2.90
	3.45

	N% in copolymer
	5.69
	7.12
	7.77
	8.45


By use of an appropriate plot, evaluate the reactivity ratio of the monomers.

Molecular weight Determination

1. Nylon 6,10 was polymerized by using an excess of hexamethylenedamine. A 2.04 g sample of this nylon was dissolved in a phenol/methanol solution and titrated against a 0.010 M HCl solution. A titre of 24.50 ml HCl was recorded. Estimate the molecular weight of the nylon.
2. The tables below give the mean flow times (t) for solutions of two of five monodisperse samples of polystyrene at various concentrations (c) in cyclohexane at 34oC. Under these conditions, the mean flow time (t)o for cyclohexane is 151.8 s.

            Sample B



Sample E

	103 x c/gcm-3
	t/s
	103 x c/gcm-3
	t/s

	1.586
	158.5
	1.040
	176.1

	5.553
	178.6
	1.691
	195.4

	7.403
	189.6
	2.255
	214.8

	8.884
	199.5
	2.706
	232.4


Determine the intrinsic viscosity [(] of these samples. The intrinsic viscosity of the other three polystyrene samples were evaluated under the same conditions and are given in the following table together with Mw values determine by light scattering

	Polystyrene sample
	Mw g/mol
	[(]  cm3/g

	A
	37000
	15.77

	B
	102000
	-

	C
	209000
	42.56

	D
	690000
	68.12

	E
	2402000
	-


Using these data together with the calculated value of [(] for samples B and E, evaluate the constant of the Mark-Howink equation for polystyrene in cyclohexane at 34oC.

3. The osmotic pressure of solutions of poly(vinyl chloride) in cyclohexane at 298 K are presented below. The density of the polymer solution is 0.980 g cm-3. 

	Concentration (g/l)
	1.00
	2.00
	4.00
	7.00
	9.00

	Height
	0.28
	0.71
	2.01
	5.10
	8.00


Determine the molecular weight of the polymer and the osmotic virial coefficient.

_________________________________________________________________
Structure

1. The density and associated crystallinity data for two polypropylene samples are listed below.

	( (g/cm3)
	Crystallinity (%)

	0.904
	62.8

	0.895
	54.4


Determine the density of a sample having 74.6% crystallinity.

2. A single crystal of polyethylene (PE) weighing 9.6 mg is found to have an enthalpy of melting of 2.65 J, while a commercial sample of the same copolymer weighing 6.8 mg is found to have an enthalpy of melting 0f 1.1 J. Calculate the percentage crystallinity of the commercial sample.
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