
Special Topic A
Chain-Growth Polymers

A.1
Introduction

A.1A
Polymer Age

1.
石器時代 ( 陶器時代 ( 銅器時代 ( 鐵器時代 ( 聚合物時代

1)
The development of the processes by which synthetic polymers are made was responsible for the remarkable growth of the chemical industry in the twentieth century.

2)
Although most of the polymeric objects are combustible, incineration is not always a feasible method of disposal because of attendant air pollution ( “Biodegradable plastics”.

聚合物材料與結構材料比較表
	
	伸張強度1
	單位重量伸張強度1

	鋁合金
	1.0
	1.0

	鋼(延伸)
	5.0
	1.7

	Kevlar(
	5.4
	10.0

	聚乙烯
	5.8
	15.0


1. 相對於鋁合金
2. Kevlar(﹕聚對苯二甲醯對二胺基苯
一些簡單的聚合物 ––– 顯示聚合物可配合各種需求
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	R1, R2, R3, R4
	名稱
	產品
	1982年美國產量

	H, H, H, H
	聚乙烯 (Polyethylene)
	塑膠袋；瓶子；玩具
	5,700,000公噸

	F, F, F, F
	聚四氯乙烯 (Teflon)

(Polytetrafluoroethylene)
	廚具；絕緣
	

	H, H, H, CH3
	聚丙烯 (Polypropylene)
	地毯(室內、室外)；瓶子
	1,600,000公噸

	H, H, H, Cl
	聚氯乙烯
(Polyvinylchloride)
	塑膠膜；唱片；水電管
	2,430,000公噸

	H, H, H, C6H5
	聚苯乙烯 (Polystyrene)
	絕緣 (隔熱)；傢俱；包裝材料
	2,326,000公噸

	H, H, H, CN
	聚丙烯氰
(Polyacrylonitrile)
	毛線；編織物；假髮
	920,000公噸

	H, H, H, OCOCH3
	聚乙酸乙烯酯
(Polyvinyl acetate)
	黏著劑；塗料；磁碟片
	500,000公噸

	H, H, Cl, Cl
	聚二氯乙烯
(Polyvinylidine chloride)
	食物包裝材料 (如 Saran()
	

	H, H, CH3, COOCH3
	聚甲基丙烯酸甲酯
(Polymethyl methacrylate)
	玻璃替代物；保齡球；塗料
	


A.1B
Naturally Occurring Polymers

1.
Proteins –– silk, wool.

2.
Carbohydrates (polysaccharides) –– starches, cellulose of cotton and wood.

A.1C
Chain-Growth Polymers

1.
Polypropylene is an example of chain-growth polymers (addition polymers):
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A.1D
Mechanism of Polymerization

1.
The addition reactions occur through radical, cationic, or anionic mechanisms:

1)
Radical Polymerization
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2)
Cationic Polymerization
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3)
Anionic Polymerization
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A.1E
Radical Polymerization

1.
Poly(vinyl chloride) (PVC):
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1)
PVC has a molecular weight of about 1,500,000 and is a hard, brittle, and rigid.
2)
PVC is used to make pipes, rods, and compact discs.
3)
PVC can be softened by mixing it with esters (called plasticizers).
i)
The softened material is used for making “vinyl leather”, plastic raincoats, shower curtains, and garden hoses.

4)
Exposure to vinyl chloride has been linked to the development of a rare cancer of the liver called angiocarcinoma [angiotensin: 血管緊張素、血管緊張；carcinoma: 癌] (first noted in 1974 and 1975 among workers in vinyl chloride factories).
i)
Standards have been set to limit workerrs’ exposure to less than one part per million (ppm) average over an 8-h day.

ii)
The US Food and Drug Administration (FDA) has banned the use of PVC in packing materials for food.

2.
Polyacrylonitrile (Orlon):
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1)
Polyacrylonitrile decomposes before it melts ( melt spinning cannot be used for the production of fibers.
2)
Polyacrylonitrile is soluble in N,N-dimethylformamide (DMF) ( the solution can be used to spin fibers.
3)
Polyacrylonitrile fibers are used in making carpets and clothing.
3.
Polytetrafluoroethylene (Teflon, PTFE):
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1)
Teflon is made by polymerizing tetrafluoroethylene in aqueous suspension.
2)
The reaction is highly exothermic ( water helps to dissipate the heat that is produced.
3)
Teflon has a melting point (327 °C) that is unusually high for an addition polymer.
4)
Teflon is highly resistant to chemical attack and has a low coefficient of friction ( Teflon is used in greaseless bearings, in liners for pots and pans, and in many special situations that require a substance that is highly resistant to corrosive chemicals.
4.
Poly(vinyl alcohol):
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1)
Vinyl alcohol is an unstable compound that tautomerizes spontaneously to acetaldehyde.
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i)
Poly(vinyl alcohol), a water-soluble polymer, cannot be made directly ( polymerization of vinyl acetate to poly(vinyl acetate) followed by hydrolysis to poly(vinyl alcohol).

ii)
The hydrolysis is rarely carried to completion because the presence of a few ester groups helps confer water solubility of the product.

iii)
The ester groups apparently helps keep the polymer chain apart, and this permits hydration of the hydroxyl groups.

2)
Poly(vinyl alcohol) in which 10% of the ester groups remain dissolves readily in water.
3)
Poly(vinyl alcohol) is used to manufacture water-soluble films and adhesives.
4)
Poly(vinyl acetate) is used as an emulsion in water-based paints.
5.
Poly(methyl methacrylate):
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1)
Poly(methyl methacrylate) has excellent optical properties and is marketed under the names Lucite, Plexiglas, and Perspex.
6.
Copolymer of vinyl chloride and vinylidene chloride:
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1)
Saran Wrap used in food packing is made by polymerizing a mixture in which the vinylidene chloride predominates.
A.1F
Cationic Polymerization

1.
Alkenes polymerize when they are treated with strong acids:

Step 1
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Step 2
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Step 3
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Step 4
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1)
The catalysts used for cationic polymerizations are usually Lewis acids that contain a small amount of water.
A.1G
Anionic Polymerization

1.
Alkenes containing electron-withdrawing groups polymerize in the presence of strong bases:
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1)
Anionic polymerization of acrylonitrile is less important in commercial production than the radical process.
A.2
Stereochemistry of Chain-Growth Polymerization

1.
Head-to-tail polymerization of propylene produces a polymer in which every other atom is a stereocenter.

2.
Many of the physical properties of propylene produced in this way depend on the stereochemistry of these stereocenters.
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A.2A
Atactic Polymers

1.
The stereochemistry at the stereocenters is random, the polymer is said to be atactic (a, without + Greek: taktikos, order).
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Figure 10.1
Atactic polypropylene.  (In this illustration a “stretched” carbon chain is used for clarity.

1)
In atactic polypropylene the methyl groups are randomly disposed on either side of the stretched carbon chain ( (R-S) designations along the chain is random.
2)
Polypropylene produced by radical polymerization at high pressure is atactic.
3)
Atactic polymer is noncrystalline ( it has a low softening point and has poor mechanical properties.
A.2B
Syndiotactic Polymers

1.
The stereochemistry at the stereocenters alternates regularly from one side of the stretched chain to the other is said to be syndiotactic (syndio: two together) ( (R-S) designations along the chain would alternate (R), (S), (R), (S), (R), (S) and ao on.
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Figure 10.2
Syndiotactic polypropylene.

A.2C
Isotactic Polymers

1.
The stereochemistry at the stereocenters is all on one side of the stretched chain is said to be isotactic (iso: same).
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Figure 10.3
Isotactic polypropylene.

1)
The configuration of the stereocenters are either all (R) or all (S) depending on which end of the chain is assigned higher preference.

A.2D
Ziegler-Natta Catalysts

1.
Karl Ziegler (a German chemist) and Giulio Natta (an Italian chemist) announced independently in 1953 the discovery of catalysts that permit stereochemical control of polymerization reactions ( they were awarded the Nobel Prize in Chemistry for their discoveries in 1963.

1)
The Ziegler-Natta catalysts are prepared from transition metal halides and a reducing agent ( the catalysts most commonly used are prepared from titanium tetrachloride (TiCl4) and a trialkylaluminum (R3Al).
2.
Ziegler-Natta catalysts are generally employed as suspended solids ( polymerization probably occurs at metal atoms on the surfaces of the particles.

1)
The mechanism for the polymerization is an ionic mechanism.
2)
There is evidence that polymerization occurs through an insertion of the alkene monomer between the metal and the growing polymer chain.
3.
Both syndiotactic and isotactic polypropylene have been made using Ziegler-Natta catalysts.

1)
The polymerizations occur at much lower pressures, and the polymers that are produced are much higher melting than atactic polypropylene.
i)
Isotactic polypropylenemelts at 175 °C.

4.
Syndiotactic and isotactic polymers are much more crystalline than atactic polymers.

1)
The regular arrangement of groups along the chains allows them to fit together better in a crystal structure.
i)
Isotactic polypropylenemelts at 175 °C.

5.
Atactic poly(methyl methacrylate) is a noncrystalline glass.

1)
Syndiotactic and isotactic poly(methyl methacrylate) are crystalline and melt at 160 and 200 °C, respectively.
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