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INTRODUCTION:
  In this experiment synthetic polymers are studied. Polymers are macromolecules that are made of covalently bonded monomers. There are two types of polymers: synthetic and natural. Synthetic polymers are normally used as comforts in life whereas natural polymers are necessities in life such as proteins, DNA and RNA, cellulose and starch, and natural rubber. 
  Chain growth polymers will be experimented on during this experiment. They are prepared by a chain reaction where the alkene monomer reacts with a reactive intermediate which forms the growing chain. The reactive intermediate is generated by an initiator where it forms a radical, anion, or cation during the chain-growth. A polymer chain-growth mechanism is done in three steps: initiation, where the radical of the radical indicator (benzoyl peroxide for this experiment) becomes a reactive intermediate. Propagation, one that starts of the initial chain growth which includes a reaction between the reactive intermediate and the monomer. The last step of propagation includes the monomer polymerizing with the other monomers to synthesis the polymer. 
  There are three different types of polymers: alternating co-polymers, Random co-polymers, and homopolymer. The homopolymer is just one monomer in a repeating chain, an alternating co-polymers are two monomers that alternate within the repeating chain, and lastly the random co-polymers are two or more monomers that are placed at random within the repeating chain.
  Some polymers undergo step growth, such as nylon in this experiment.  It is when two functional groups on different monomers react to form a bond causing a chain growth.  If a structure of a polymer wants to become rigid, cross-linking of a linear polymer causes the chains to be tethered together making them strong and thick.
 In this experiment in part A one type of polymer will be synthesized via growth chain polymerization. The resulting polymer will be alternating co-polymers of polysterene and maleic anhydride. In Part B nylon 6,6 will be synthesized by a reaction with hexamethylenediamine and adipoly chloride to create an amide bond. This type of polymerization extends a newly formed polymer (adipoly chloride) and contains excess acid to prevent it from growing. Part c of the experiment will be performed by a cross-linking polymer creating a thick slime.




[bookmark: _GoBack]MECHANISM OF CHAIN-GROWTH OF PSMA:

TABLE OF REAGENTS:
	COMPOUND
	MOL.MASS (g/mol)
	QUANTITY (g or mL)
	DENSITY(g/mL)
	mol

	Toluene
	92.14
	29.0 mL
	0.8669
	0.315

	styrene
	104.15
	2.50 mL
	0.909
	0.024

	Maleic anhydride
	98.06
	1.51 g
	1.48
	0.0154

	Benzoyl peroxide
	242.23
	0.11 g
	1.334
	0.000454

	2% adipoly chloride 
	183.03
	4 mL
	1.25
	0.0219

	hexamethylenediamine
	116.21
	0.2 mL
	0.84
	0.0017




EXPERIMENTAL PROCEDURE:
Please Refer to CHM 2123 Organic Chemsitry II Lab Manual pages 54-55. 
Modifications:
· Plyacrylamide in Part A was not performed
OBSERVATIONS:
*Part A observations were given from Arzina Karsan 7276529 and Zach Verret 7294465*
	PART
	OBSERVATION

	A
	Step 3: solution became very merky after 15 min passed.
Step 7: the solution dissolved fully in acetone, it also dissolved very rapidly and completely in ethyl acetate. The solution also dissolved completely and at a fair speed in methanol, however, it dissolved very slowly and floated upwards mostly within water making it slightly dissolvable in water.


	B
	Step 2: there was no colour change when the indicator was added. The only change that had occurred was that the solution had become quite cloudy
Step 4: as the hexamehtylenediamine solution was added a white slime formed in the middle of the two layers of solutions. The liquid around it near the top layer began to turn a pale pink.

	C
	Step 2: once 15 drops of borax was added to the solution the blue slime began to form slightly and become thicker but still remained quite liquid-y. Once 25 drops were added the slime began to increase in viscousity. Once 50 drops were added the slime began to become thicker, however, still not thick enough to hold without it sticking to one’s hands. A few more drops were added until it was sturdy and thick enough to hold. 
Step 3: 
Properties of slime:  the blue slime was rather sticky, very jelly like and had a very small bounce to it, however, it could not bounce off the floor when dropped but can bounce back and forth from hand to hand. The slime was also very rubbery in terms of texture. It was somewhat able to hold its shape but due to its sticky-ness some of the slime detached from the rest and stayed on the holder’s hand. It can stretch, however, if stretched too much the slime can rip apart 
 Solubility test: the slime was not soluble in acetone nor ethyl acetate. The slime is soluble in methanol (rather slowly) and in water (also very slowly) 



RESULTS:
	PRODUCTS
	MASS (g)
	YEILD

	Polystrene-maleic anhydride
	0.43
	28.3%

	Nylon-6,6
	11.23
	2919%



SAMPLE CALCULATIONS:
Percent yield for nylon 6,6:





Discussion:
 In Part A of the experiment styrene and maleic anhydride were polymerized in a solution of toluene. Benzoyl peroxide was the radical initiator. This compound was used instead of ammonium persulfate because the reaction took place in an organic solvent; therefore, making benzoyl peroxide a more preferred radical indicator for this reaction. The solution was heated because radical reactions only occur during the presence of light and heat because heat and light causes the radicals to become reactive. The goal of part A of the experiment was to determine the yield of the product upon the amount of one repeating monomer unit, the result was 28.3 %. Errors that could have occurred to prevent the yield from being a higher and more accurate percentage would be that some of the product could have remained in the flask when transfer to the suction filtration causing the amount of product that was measured to be lower than desired. Another error that could have been caused is the suction filtration could have sucked up some of the product into the funnel as dissolved material as well as some of the product could have remained upon the filter paper when the product was scraped off to be measured. The product was then measured and experimented in different solvents to test its solubility. The results resulted in the product being soluble in all of acetone, ethyl acetate, methanol, and water. The product dissolved quickly in all but water, due to water’s aqueous features the product had difficulty dissolving quickly within the water solvent due to it’s non-polar features. 
   In Part B of the experiment Nylon 6,6 was synthesized. 2% of adipoyl chloride in dichloromethane (an organic solvent) and 2% of hexamethylenediamine in 4% aqueous Na2CO3 were mixed together. Two layers were created for dichloromethane is quite heavy so it remained as the bottom layer while the aqueous layer remained on top. The role of the aqueous solution is to allow the separation of the layers so the two organic compounds who are a little bit soluble in both layers can form a reaction in between the two layers forming Nylon 6,6, as well as preventing the polymer from growing any larger than of the desire size.  The goal of this experiment was to determine the yield of the nylon, the result was 2919 %. This is an error because the nylon was not dried properly before it’s mass was measured. This results is a huge percent yield. Other errors that could have occurred to affect this dramatic result is that some of the nylon formed could have still remained in the solution and not obtained on the stirring rode, causing the measurement of the final product to be a bit off. 
In Part C slime was synthesis using polyvinyl alcohol and borax. The borax was added drop wise which reacted with the polyvinyl alcohol creating a cross-linking of the polymer making it thicker and thicker. The goal was to observe the properties of the final product and determine its solubility. Due to the alcohol’s OH groups it was able to dissolve rather fully in water and methanol (slowly). It did not dissolve in acetone and ethyl acetate because of its highly polar OH groups present on the polymer. 
CONCLUSION:
The goal of Part A was to determine the yield which resulted in 28.3 % and that the product was able to dissolve in all solvents rather quickly excluding water. The goal of Part B was to determine the yield of nylon 6,6 which resulted in 2919%. The goal of part C was to determine the solubility of the slime which resulted in it being soluble in methanol and water but not acetone and ethyl acetate. 

QUESTIONS:
1) 



Teflon is very chemically stable because of the presents of the fluorine atoms one very carbon on the carbon chain. Fluorine has the highest electronegativity than any other atom on the periodic table, therefore, making fluorine have a very strong hold on its electrons. This causes the structure to be very stable and therefore the carbon-fluorine bonds are very strong and very hard to break which is why Teflon can be heated to more than 300oC without decomposition. 

2) 




3) Out of the following alkenes the one that would be expected to polymerize most rapidly under free radical conditions is 2-methyl-2-propene. This is because the double bond present on the second carbon creates resonance which stabilizes the molecule causing it to react faster, however, ethylene and 2-butene also have double bonds which also create resonance so the real reason why 2-methyl-2-propene is faster is because of the tertiary second carbon. The tertiary structure adds even more stability to the molecule causing it to react faster than the others for they are only primary structures. Therefore, 2-methyl-2propene will react faster under free radical conditions.
4) 


5) 











6)



7)

a) 


b) AIBN produces radicals at a much lower temperature than benzoyl peroxide because benzoyl peroxide is a slower catalyst compared to AIBN. 

8) a) the two monomers that form Kevlar are 1,4-phenylene-diamine and terephthaloychloride 
b) Kevlar has high tensile strength because of the presence of the strong electronegative heteroatoms on the molecule. 
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