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edge science videos from JoVE sent straight to your inbox every month. This very regular arrangement of the CH3 groups makes it possible for the chains to pack close together and so maximise the amount of van der Waals bonding between them. That means that isotactic poly(propene) is quite strong either as a solid object or when it is drawn into
fibres. This is the common form of poly(propene) which is used to make plastic crates and ropes amongst many other things. Look for the letters PP near the recycling symbol. Atactic poly(propene) In atactic poly(propene) the CH3 groups are orientated randomly along the chain. This lack of regularity makes it impossible for the chains to lie closely
together and so the van der Waals attractions between them are weaker. Atactic poly(propene) is much softer with a lower melting point. It is formed as a waste product during the manufacture of isotactic poly(propene) and its uses are limited. It is used, for example, in road paint, in making roofing materials like "roofing felt", and in some sealants
and adhesives. Syndiotactic poly(propene) Syndiotactic poly(propene) is a relatively new material and is another regularly arranged version of poly(propene). In this case, every alternate CH3 group is orientated in the same way. This regularity means that the chains can pack closely, and van der Waals attractions will be fairly strong. However, the
attractions aren't as strong as in isotactic poly(propene). This makes syndiotactic poly(propene) softer and gives it a lower melting point. Because syndiotactic poly(propene) is relatively new, at the time of writing uses were still being developed. It has uses in packaging - for example, in plastic film for shrink wrapping food. There are also medical
uses - for example, in medical tubing and for medical bags and pouches. There are a wide range of other potential uses - either on its own, or in mixtures with isotactic poly(propene). Poly(chloroethene) (polyvinyl chloride): PVC Poly(chloroethene) is commonly known by the initials of its old name, PVC. Structure Poly(chloroethene) is made by
polymerising chloroethene, CH2=CHCI. Working out its structure is no different from working out the structure of poly(propene) (see above). As long as you draw the chloroethene molecule in the right way, the structure is pretty obvious. The equation is usually written: It doesn't matter which carbon you attach the chlorine to in the original
molecule. Just be consistent on both sides of the equation. The polymerisation process produces mainly atactic polymer molecules - with the chlorines orientated randomly along the chain. The structure is no different from atactic poly(propene) - just replace the CH3 groups by chlorine atoms. Because of the way the chlorine atoms stick out from the
chain at random, and because of their large size, it is difficult for the chains to lie close together. Poly(chloroethene) is mainly amorphous with only small areas of crystallinity. Properties and uses You normally expect amorphous polymers to be more flexible than crystalline ones because the forces of attraction between the chains tend to be weaker.
However, pure poly(chloroethene) tends to be rather hard and rigid. This is because of the presence of additional dipole-dipole interactions due to the polarity of the carbon-chlorine bonds. Chlorine is more electronegative than carbon, and so attracts the electrons in the bond towards itself. That makes the chlorine atoms slightly negative and the
carbons slightly positive. These permanent dipoles add to the attractions due to the temporary dipoles which produce the dispersion forces. Recognition that polymeric macromolecules make up many important natural materials was followed by the creation of synthetic analogs having a variety of properties. Indeed, applications of these materials as
fibers, flexible films, adhesives, resistant paints and tough but light solids have transformed modern society. Some important examples of these substances are discussed in the following sections.There are two general types of polymerization reactions: addition polymerization and condensation polymerization. In addition polymerization, the
monomers add to one another in such a way that the polymer contains all the atoms of the starting monomers. Ethylene molecules are joined together in long chains. Strictly speaking, this chapter is on radical reactions, which include most addition polymerization processes. However, in order to cover the topic of polymers properly, we are including
a brief section on condensation polymerization (usually based on substitution chemistry) here as well. Note Many natural materials—such as proteins, cellulose and starch, and complex silicate minerals—are polymers. Artificial fibers, films, plastics, semisolid resins, and rubbers are also polymers. More than half the compounds produced by the
chemical industry are synthetic polymers. The polymerization can be represented by the reaction of a few monomer units: The bond lines extending at the ends in the formula of the product indicate that the structure extends for many units in each direction. Notice that all the atoms—two carbon atoms and four hydrogen atoms—of each monomer
molecule are incorporated into the polymer structure. Because displays such as the one above are cumbersome, the polymerization is often abbreviated as follows: nCH2=CH2 - [ CH2CH2 ] n During the polymeriation of ethene, thousands of ethene molecules join together to make poly(ethene) - commonly called polythene. The reaction is done
at high pressures in the presence of a trace of oxygen as an initiator. Some common addition polymers are listed in the Table below . Note that all the monomers have carbon-to-carbon double bonds. Many polymers are mundane (e.g., plastic bags, food wrap, toys, and tableware), but there are also polymers that conduct electricity, have amazing
adhesive properties, or are stronger than steel but much lighter in weight. Table : Some Addition Polymers Monomer Polymer Polymer Name Some Uses CH2=CH2 ~CH2CH2CH2CH2CH2CH2~ polyethylene plastic bags, bottles, toys, electrical insulation CH2=CHCHS3 polypropylene carpeting, bottles, luggage, exercise clothing CH2=CHCI polyvinyl
chloride bags for intravenous solutions, pipes, tubing, floor coverings CF2=CF2 ~CF2CF2CF2CF2CF2CF2~ polytetrafluoroethylene nonstick coatings, electrical insulation Step 1: Chain Initiation The oxygen reacts with some of the ethene to give an organic peroxide. Organic peroxides are very reactive molecules containing oxygen-oxygen single
bonds which are quite weak and which break easily to give free radicals. You can short-cut the process by adding other organic peroxides directly to the ethene instead of using oxygen if you want to. The type of the free radicals that start the reaction off vary depending on their source. For simplicity we give them a general formula: [latex] Ra
~{\bullet} [/latex] In an ethene molecule, CH2=CH?2, the two pairs of electrons which make up the double bond aren’t the same. One pair is held securely on the line between the two carbon nuclei in a sigma bond. The other pair is more loosely held in an orbital above and below the plane of the molecule in a [latex] \pi [/latex] bond. Note It would be
helpful - but not essential - if you read about the structure of ethene before you went on. If the diagram above is unfamiliar to you, then you certainly ought to read this background material. Imagine what happens if a free radical approaches the [latex] \pi [/latex] bond in ethene. Note Don’t worry that we’ve gone back to a simpler diagram. As long as
you realise that the pair of electrons shown between the two carbon atoms is in a [latex] \pi [/latex] bond - and therefore vulnerable - that’s all that really matters for this mechanism. The sigma bond between the carbon atoms isn’t affected by any of this. The free radical, Ra, uses one of the electrons in the [latex] \pi [/latex] bond to help to form a new
bond between itself and the left hand carbon atom - a radical addition step. The other electron returns to the right hand carbon. You can show this using curved arrow notation (with single-headed “fish-hook” arrows) if you want to: This is energetically worth doing because the new bond between the radical and the carbon is stronger than the [latex]
\pi [/latex] bond which is broken. You would get more energy out when the new bond is made than was used to break the old one. The more energy that is given out, the more stable the system becomes. What we’ve now got is a bigger free radical — lengthened by CH2CH?2. That can react with another ethene molecule in the same way: So now the
radical is even bigger. That can react with another ethene - and so on and so on. The polymer chain gets longer and longer. The chain does not, however, grow indefinitely. Sooner or later two free radicals will collide together. That immediately stops the growth of two chains and produces one of the final molecules in the poly(ethene). It is important
to realise that the poly(ethene) is going to be a mixture of molecules of different sizes, made in this sort of random way. Because chain termination is a random process, poly(ethene) will be made up of chains of different lengths. A large number of important and useful polymeric materials are not formed by chain-growth processes involving reactive
species such as radicals, but proceed instead by conventional functional group transformations of polyfunctional reactants. These polymerizations often (but not always) occur with loss of a small byproduct, such as water, and generally (but not always) combine two different components in an alternating structure. The polyester Dacron and the
polyamide Nylon 66, shown here, are two examples of synthetic condensation polymers, also known as step-growth polymers. In contrast to chain-growth polymers, most of which grow by carbon-carbon bond formation, step-growth polymers generally grow by carbon-heteroatom bond formation (C-O & C-N in Dacron & Nylon respectively). Although
polymers of this kind might be considered to be alternating copolymers, the repeating monomeric unit is usually defined as a combined moiety. Examples of naturally occurring condensation polymers are cellulose, the polypeptide chains of proteins, and poly(B-hydroxybutyric acid), a polyester synthesized in large quantity by certain soil and water
bacteria. Formulas for these will be displayed below by clicking on the diagram. Many of the reactions involved in these polymerizations are acyl substitution reactions, which will be covered in detail in chapter 22. Condensation polymers form more slowly than addition polymers, often requiring heat, and they are generally lower in molecular weight.
The terminal functional groups on a chain remain active, so that groups of shorter chains combine into longer chains in the late stages of polymerization. The presence of polar functional groups on the chains often enhances chain-chain attractions, particularly if these involve hydrogen bonding, and thereby crystallinity and tensile strength. The
following examples of condensation polymers are illustrative. Note that for commercial synthesis the carboxylic acid components may actually be employed in the form of derivatives such as simple esters. Also, the polymerization reactions for Nylon 6 and Spandex do not proceed by elimination of water or other small molecules. Nevertheless, the
polymer clearly forms by a step-growth process. Some Condensation Polymers: Here, Tg represents the glass transition temperature, while Tm represents the melting temperature. The difference in Tg and Tm between the first polyester (completely aliphatic) and the two nylon polyamides (5th & 6th entries) shows the effect of intra-chain hydrogen
bonding on crystallinity. Kevlar and Nomex are extremely tough and resistant materials, which find use in bullet-proof vests and fire resistant clothing. Many polymers, both addition and condensation, are used as fibers The chief methods of spinning synthetic polymers into fibers are from melts or viscous solutions. Polyesters, polyamides and
polyolefins are usually spun from melts, provided the Tm is not too high. Polyacrylates suffer thermal degradation and are therefore spun from solution in a volatile solvent. Cold-drawing is an important physical treatment that improves the strength and appearance of these polymer fibers. At temperatures above Tg, a thicker than desired fiber can be
forcibly stretched to many times its length; and in so doing the polymer chains become untangled, and tend to align in a parallel fashion. This cold-drawing procedure organizes randomly oriented crystalline domains, and also aligns amorphous domains so they become more crystalline. In these cases, the physically oriented morphology is stabilized
and retained in the final product. This contrasts with elastomeric polymers, for which the stretched or aligned morphology is unstable relative to the amorphous random coil morphology. This cold-drawing treatment may also be used to treat polymer films (e.g. Mylar & Saran) as well as fibers. Step-growth polymerization is also used for preparing a
class of adhesives and amorphous solids called epoxy resins. Here the covalent bonding occurs by an SN2 reaction between a nucleophile, usually an amine, and a terminal epoxide. In the following example, the same bisphenol A intermediate used as a monomer for Lexan serves as a difunctional scaffold to which the epoxide rings are attached.
Bisphenol A is prepared by the acid-catalyzed condensation of acetone with phenol. Contributors
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