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35.1 Introduction
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35.1 Introduction (SB p.150)



Introduction •



In 1953, Hermann Staudinger formulated a macromolecular structure for rubber and received the Nobel Prize.  based on the repeating unit 2-methylbuta-1,3-diene



isoprene
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35.1 Introduction (SB p.150)



Polymers and Polymerization Polymers are compounds which consist of very large molecules formed by repeated joining of many small molecules n momomer units
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polymerization



polymer



35.1 Introduction (SB p.150)



Polymers and Polymerization Polymerization is the process of joining together many small molecules repeatedly to form very large molecules n momomer units
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polymerization



polymer



35.1 Introduction (SB p.150)



Polymers and Polymerization Monomers are compounds that join together repeatedly to form polymer in polymerization



n momomer units
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polymerization



polymer



35.1 Introduction (SB p.151)



Naturally Occurring Polymers and Synthetic Polymers • The most important naturally occurring polymers are:  Proteins  Polysaccharides (e.g. cellulose, starch)  Nucleic acids (e.g. DNA, RNA)  Rubber 7



35.1 Introduction (SB p.151)



Naturally Occurring Polymers and Synthetic Polymers •



Synthetic polymers are produced commercially on a very large scale



 have a wide range of properties and uses •
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Plastics are all synthetic polymers



35.1 Introduction (SB p.151)



Naturally Occurring Polymers and Synthetic Polymers • Well-known examples of synthetic polymers are:



 Polyethene (PE)  Polystyrene (PS)  Polyvinyl chloride (PVC)  Nylon  Urea-methanal 9



35.2 Naturally Occurring Polymers
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35.2 Naturally Occurring Polymers (SB p.151)



Naturally Occurring Polymers • Naturally occurring polymers are macromolecules derived from living things  e.g. wood, wool, paper, cotton, starch, silk and rubber
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35.2 Naturally Occurring Polymers (SB p.152)



Proteins



1. Importance of Proteins in Our Body Vital activity Nutrition



Example of proteins Digestive enzymes e.g. trypsin,



amylase



lipase 12



Functions



• Catalyzes the hydrolysis of proteins to polypeptides • Catalyzes the hydrolysis of starch to maltose • Catalyzes the hydrolysis of fats to fatty acids and glycerol



35.2 Naturally Occurring Polymers (SB p.152)



1. Importance of Proteins in Our Body Vital activity



Respiration and transport



Example of proteins Haemoglobin



Immune response



Antibodies



Growth



Hormones (e.g. tyrosine)
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Functions



• Responsible for the transport of O2/CO2 throughout the body • Essential to the defence of the body (e.g. against bacterial invasion) • Controls growth and metabolism



35.2 Naturally Occurring Polymers (SB p.152)



1. Importance of Proteins in Our Body Vital activity Support and movement



Example of proteins Actin and myosin Collagen(骨膠原)



Sensitivity and Hormones coordination (e.g. insulin)
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Functions • Responsible for muscle contraction • Gives strength with flexibility in tendons(腱) and cartilage(軟骨) • Controls blood sugar level



35.2 Naturally Occurring Polymers (SB p.152)



1. Importance of Proteins in Our Body



Food rich in proteins 15



Proteins are needed for building muscles



35.2 Naturally Occurring Polymers (SB p.153)



2. Amino Acids as the Basic Unit of Proteins •



Proteins are large organic molecules with large molecular masses  up to 40 000 000 for some viral proteins  more typically several thousands



•



In addition to C, H and O,  most proteins also contain N, usually S and sometimes P
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35.2 Naturally Occurring Polymers (SB p.153)



2. Amino Acids as the Basic Unit of Proteins • Amino acids are the basic structural units of proteins 



All naturally occurring AAs are  AAs 17



35.2 Naturally Occurring Polymers (SB p.153)



2. Amino Acids as the Basic Unit of Proteins •



In our body,



 20 different kinds of amino acids •



The various amino acids differ only in their side chains (i.e. R groups)  the various R groups give each amino acid distinctive characteristics



 influence the properties of the proteins consisting of them 18



35.2 Naturally Occurring Polymers (SB p.153)



3. Peptides and Proteins • Proteins are long and unbranched polymers of amino acids • Peptides are short chains of amino acids
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35.2 Naturally Occurring Polymers (SB p.153)



3. Peptides and Proteins • Different numbers of amino acids combine in different sequences  form different protein molecules



 a large variety of proteins can be formed from the 20 amino acids in our body
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35.2 Naturally Occurring Polymers (SB p.153)



3. Peptides and Proteins •



Two amino acid molecules can join together to form a dipeptide



•



In the process,  the two amino acid molecules are joined by the condensation reaction  a water molecule is eliminated



• 21



The covalent bond formed between the amino acids is called peptide linkage



35.2 Naturally Occurring Polymers (SB p.154)



3. Peptides and Proteins



amide linkage



dipeptide polypeptide 22



35.2 Naturally Occurring Polymers (SB p.154)



3. Peptides and Proteins • Either end of the dipeptide can be engaged in further condensation reaction with another amino acid  form a tripeptide
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35.2 Naturally Occurring Polymers (SB p.154)



3. Peptides and Proteins • Further combinations with other amino acids  form a long chain called polypeptide • A protein molecule consists of one or more unbranched polypeptide chains linked together by various chemical bonds H-bonds or disulphide linkage –S–S– 24



35.2 Naturally Occurring Polymers (SB p.154)



Polysaccharides 1. Classification of Carbohydrates • Carbohydrates are divided into three groups:  monosaccharides  disaccharides  polysaccharides
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35.2 Naturally Occurring Polymers (SB p.154)



1. Classification of Carbohydrates • Monosaccharides are a group of sweet, soluble crystalline molecules with relatively low molecular masses • Cannot be hydrolyzed into simpler compounds • The monosaccharides commonly found in food have the general formula C6H12O6 26



35.2 Naturally Occurring Polymers (SB p.154)



1. Classification of Carbohydrates • Two most important examples:  glucose and fructose (they are isomers) • Found in many fruits and in honey • Glucose is also found in the blood of animals (including humans)
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35.2 Naturally Occurring Polymers (SB p.154)



1. Classification of Carbohydrates



Dextro-lemon powder and grapes contain D-glucose 28



35.2 Naturally Occurring Polymers (SB p.154)



1. Classification of Carbohydrates



Fruits contain fructose
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35.2 Naturally Occurring Polymers (SB p.154)



1. Classification of Carbohydrates • Disaccharides are sweet, soluble and crystalline • General formula: C12H22O11 • Disaccharides can be formed from the condensation reaction of two monosaccharide molecules  a water molecule is eliminated 2C6H12O6 30



C12H22O11 + H2O



35.2 Naturally Occurring Polymers (SB p.154)



1. Classification of Carbohydrates Source



Sucrose sugar cane



Maltose malt



Constituent a glucose two glucose monounit and a units saccharides fructose unit Common disaccharides 31



Lactose milk a glucose unit and a galactose unit



35.2 Naturally Occurring Polymers (SB p.155)



1. Classification of Carbohydrates • Polysaccharides are polymers of monosaccharides (C6H12O6) • General formula: (C6H10O5)n where n is a large number (up to thousands)



32



35.2 Naturally Occurring Polymers (SB p.155)



1. Classification of Carbohydrates • Examples of polysaccharides:  starch and cellulose • Starch is commonly found in rice, bread and potatoes • Cellulose is found in fruits, vegetables, cotton and wood



33



35.2 Naturally Occurring Polymers (SB p.155)



2. Acyclic and Cyclic Forms of Glucose and Fructose • Glucose can exist as acyclic (also described as open-chain) and cyclic forms
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35.2 Naturally Occurring Polymers (SB p.155)



2. Acyclic and Cyclic Forms of Glucose and Fructose



•



Glucose contains an aldehyde group in its acyclic form  glucose is an aldohexose
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35.2 Naturally Occurring Polymers (SB p.155)



2. Acyclic and Cyclic Forms of Glucose and Fructose • Glucose does not exist as the acyclic form in the solid state  exists as one of the two cyclic forms (i.e. α- and β-glucose)  differ only in the configuration at C1



36



anomers



35.2 Naturally Occurring Polymers (SB p.155)



2. Acyclic and Cyclic Forms of Glucose and Fructose •



When the cyclic forms of glucose dissolve in water  an equilibrium mixture is formed



Ring opens +112.2 37



Ring opens



mutarotation



+18.7



35.2 Naturally Occurring Polymers (SB p.155)



2. Acyclic and Cyclic Forms of Glucose and Fructose •



Most of the reactions of glucose in aqueous solutions are due to:  presence of the free aldehyde group of the acyclic form



•



These reactions include its reducing action Give positive results with Tollens’/Fehling’s reagents
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35.2 Naturally Occurring Polymers (SB p.156)



2. Acyclic and Cyclic Forms of Glucose and Fructose • Fructose can exist as acyclic form, as well as cyclic forms of 6-membered rings and 5-membered rings
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35.2 Naturally Occurring Polymers (SB p.156)



2. Acyclic and Cyclic Forms of Glucose and Fructose



•



Fructose contains a keto group in its acyclic form



 fructose is an ketohexose 40



35.2 Naturally Occurring Polymers (SB p.156)



2. Acyclic and Cyclic Forms of Glucose and Fructose •



Most of the reactions of fructose in aqueous solutions are due to:



 presence of the free keto group of the acyclic form Fructose is a reducing sugar because it can undergoes transformation to give glucose in aqueous solution. 41



35.2 Naturally Occurring Polymers (SB p.156)



3. Glycosidic Linkage in Carbohydrates • Common disaccharides are formed from  the condensation reaction between two monosaccharide molecules  a water molecule is eliminated



• The bond formed between two monosaccharides is called a glycosidic linkage 42



35.2 Naturally Occurring Polymers (SB p.156)



3. Glycosidic Linkage in Carbohydrates



A sucrose molecule is formed by the condensation reaction of a glucose molecule and a fructose molecule 43



35.2 Naturally Occurring Polymers (SB p.156)



3. Glycosidic Linkage in Carbohydrates



A maltose molecule is formed by the condensation reaction of two glucose molecules 44



35.2 Naturally Occurring Polymers (SB p.157)



3. Glycosidic Linkage in Carbohydrates



Food containing sucrose and maltose 45



35.2 Naturally Occurring Polymers (SB p.157)



3. Glycosidic Linkage in Carbohydrates



Potatoes contain starch, and cabbage contains cellulose 46



35.2 Naturally Occurring Polymers (SB p.157)



3. Glycosidic Linkage in Carbohydrates • The condensation process can be repeated to build up giant molecules of polysaccharides 1,2-glycosidic linkage



• e.g.



Starch



Polymer of -glucose 47



35.2 Naturally Occurring Polymers (SB p.157)



3. Glycosidic Linkage in Carbohydrates inverted 1



1



1,4-glycosidic linkage



1



Cellulose



Polymer of -glucose



48



1



35.2 Naturally Occurring Polymers (SB p.157)



Nucleic Acids • Nucleic acids are the molecules that  preserve hereditary information  transcribe and translate it in a way that allows the synthesis of all the various proteins of a cell
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35.2 Naturally Occurring Polymers (SB p.157)



1. Components of Nucleic Acids •



Nucleic acid molecules are long polymers of small monomeric units called nucleotides



•



Each nucleotide is made up of  a five-carbon sugar (pentose)  a nitrogen-containing base (also called nitrogenous base)  a phosphate group
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35.2 Naturally Occurring Polymers (SB p.157)



1. Components of Nucleic Acids



General structure of a nucleotide
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35.2 Naturally Occurring Polymers (SB p.158)



2. Deoxyribonucleic Acid (DNA)



52



•



DNA is the nucleic acid that most genes are made of



•



DNAs have four different kinds of nucleotides as the building blocks



•



All the four kinds of nucleotides have deoxyribose as their sugar component



35.2 Naturally Occurring Polymers (SB p.158)



2. Deoxyribonucleic Acid (DNA) •



They differ in their nitrogen-containing bases



•



Adenine (A) and guanine (G)



 have double-ring structures  known as purines •



Cytosine (C) and thymine (T)  have single-ring structures  known as pyrimidines
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35.2 Naturally Occurring Polymers (SB p.158)



2. Deoxyribonucleic Acid (DNA) A & T : 2 H bonds G & C : 3 H bonds joined to ribose The four nitrogencontaining bases in DNA 54



35.2 Naturally Occurring Polymers (SB p.158)



2. Deoxyribonucleic Acid (DNA)



nucleoside 核苷 Formation of the nucleotide of a DNA molecule 55



35.2 Naturally Occurring Polymers (SB p.157)



1. Components of Nucleic Acids



General structure of a nucleotide 56



35.2 Naturally Occurring Polymers (SB p.157)



Examples of nucleotides



Adenosine diphosphate ADP



Adenosine monophosphate AMP



HO



Adenosine triphosphate ATP 57



Examples of nucleotides



RNA Cytidine monophosphate CMP Guanosine monophosphate GMP



RNA



DNA deoxythymidine monophosphate dTMP 58



35.2 Naturally Occurring Polymers (SB p.157)



Examples of deoxynucleotides



Deoxyadenosine diphosphate dADP Deoxyadenosine monophosphate dAMP



Deoxyadenosine triphosphate dATP 59



35.2 Naturally Occurring Polymers (SB p.159)



2. Deoxyribonucleic Acid (DNA) •



60



The nucleotides within a DNA molecule are joined together through condensation reactions



C



 between the sugar of a nucleotide and the phosphate group of the next nucleotide in the sequence



G



 a long chain (i.e. a polymer) of alternating sugar and phosphate groups is formed



T



A



35.2 Naturally Occurring Polymers (SB p.157)



Joining up of nucleotides



dAMP



dTMP



DNA 61



dGMP



35.2 Naturally Occurring Polymers (SB p.160)



2. Deoxyribonucleic Acid (DNA) •



In DNA,  two such chains are arranged side by side  held together by hydrogen bonds  known as the double helix
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35.2 Naturally Occurring Polymers (SB p.160)



2. Deoxyribonucleic Acid (DNA) • Two hydrogen bonds are formed between A in one chain and T in the other • Three hydrogen bonds are formed between G in one chain and C in the other 63



35.2 Naturally Occurring Polymers (SB p.160)



2. Deoxyribonucleic Acid (DNA)



A model of the double helix of DNA 64



35.2 Naturally Occurring Polymers (SB p.160)



2. Deoxyribonucleic Acid (DNA) Federick Sanger (b. 1918) Two times Nobel Laureate



1958 : Structure of insulin (A.A. sequence) 1980 : DNA sequences of bacteriophage x 174 (5375 nucleotides in 1977 ), human genome (3 billion nucleotides).
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35.2 Naturally Occurring Polymers (SB p.160)



Check Point 35-2
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Synthetic Polymers



35.3 Synthetic Polymers (SB p.162)



Synthetic Polymers Synthetic polymers can be made from



monomers by TWO basic polymerization processes:



1. Addition polymerization 



produces addition polymers



2. Condensation polymerization  68



produces condensation polymers



35.3 Synthetic Polymers (SB p.163)



Addition Polymerization Addition polymerization is a chemical process in which monomer molecules are joined together to form a polymer without elimination of small molecules
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35.3 Synthetic Polymers (SB p.163)



Addition Polymerization • Sometimes called chain-growth polymerization



 many monomer molecules add to give a polymer • Alkenes and their derivatives are common starting materials
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35.3 Synthetic Polymers (SB p.163)



Addition Polymerization • Usually starts with the generation of free radicals which initiate a chain reaction • A catalyst is often required to initiate the generation of free radicals
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35.3 Synthetic Polymers (SB p.163)



Addition Polymerization • Examples of addition polymers:  Polyethene (PE)  Polypropene (PP)



 Polystyrene (PS)  Polyvinyl chloride (PVC) p.81  Polytetrafluoroethene (PTFE) p.81  Polymethyl methacrylate (PMMA) p.96 72



35.3 Synthetic Polymers (SB p.164)



1. Polyethene (PE) • Ethene is the monomer that is used to synthesize polyethene • Depending on the manufacturing conditions, two kinds of polyethene can be made  low density polyethene (LDPE)  high density polyethene (HDPE) 73



35.3 Synthetic Polymers (SB p.164)



1. Polyethene (PE) • Low density polyethene (LDPE)



Free radical mechanism 74



35.3 Synthetic Polymers (SB p.164)



Low Density Polyethene (LDPE)



• Molecular mass between 50 000 and 3 000 000 • Light, flexible • Low melting point • Used to make soft items (e.g. wash bottles, plastic bags and food wraps)
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35.3 Synthetic Polymers (SB p.164)



1. Polyethene (PE) • High density polyethene (HDPE)



Ionic mechanism 76



35.3 Synthetic Polymers (SB p.164)



1. Polyethene (PE) • High density polyethene (HDPE)



Ziegler Natta catalyst : TiCl4 + Al(C2H5)3 77



Karl Ziegler and Giulio Natta : Nobel Laureate in Chemistry, 1963



35.3 Synthetic Polymers (SB p.164)



High Density Polyethene (HDPE)



• Molecular mass up to 3 000 000 • Tougher • Higher melting point • Used to make more rigid items (e.g. milk bottles and water buckets)



78



35.3 Synthetic Polymers (SB p.164)



Some products made of polyethene
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35.3 Synthetic Polymers (SB p.164)



Reaction Mechanism: (optional) Free Radical Addition Polymerization of Ethene



• The reaction mechanism consists of three stages:  chain initiation  chain propagation  chain termination



80



35.3 Synthetic Polymers (SB p.164)



1. Chain initiation •



A diacyl peroxide molecule (RCOO  OOCR) undergoes homolytic bond fission  produce free radicals



 initiate the chain reaction
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35.3 Synthetic Polymers (SB p.164)



1. Chain initiation • The radical (R•) produced then reacts with an ethene molecule  form a new radical



82



35.3 Synthetic Polymers (SB p.165)



2. Chain propagation • The resulting radical is electron-deficient and is very reactive  able to attack another ethene molecule



 give a radical with a longer carbon chain



83



35.3 Synthetic Polymers (SB p.165)



2. Chain propagation •



By repeating the step  the carbon chain of the radical grows in length



chain-growth polymerization 84



35.3 Synthetic Polymers (SB p.165)



3. Chain termination • The radicals react to give a stable molecule • The reaction stops -2 -2 -1



-2



-2 -3



disproportionation
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35.3 Synthetic Polymers (SB p.165)



2. Polypropene (PP)



TiCl4 + Al(C2H5)3 • With the use of Ziegler-Natta catalyst,  propene can be polymerized to isotactic polypropene (ionic mechanism)



86



Isotactic PP H CH 3



H C



H CH 3 C



C H2



H CH 3 C



C H2



H CH3 C



C H2



CH3 C



C H2



All methyl groups are arranged on the same(iso) side of the polymer chain.  close packing  high-density, rigid, tough, high m.p. Used to make sheets and films for packaging and as fibres in the manufacture of carpets. 87



Uses of PP



88



Packaging film



much stronger than wrapping film for food (PE)



Atactic PP H



H H



H C



C C H2



C C H2



H C



C H2



C C H2



Without Ziegler-Natta catalyst, the polymerization proceeds via the free radical mechanism to gives a sticky product with atactic (random) arrangement.
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35.3 Synthetic Polymers (SB p.165)



2. Polypropene (PP) •



More rigid than HDPE



 used for moulded furniture •



High mechanical strength and strong resistance to abrasion  used for making crates, kitchenware and food containers
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35.3 Synthetic Polymers (SB p.165)



2. Polypropene (PP) • Spun into fibres for making ropes and carpets  especially useful for making athletic wear



 they do not absorb water from sweating as cotton does
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35.3 Synthetic Polymers (SB p.165)



2. Polypropene (PP)



The helmet worn by American football players is made of polypropene 92



35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS) •



Styrene is made from the reaction of benzene with ethene  followed by dehydrogenation
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35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS) • The styrene produced is polymerized by a free radical mechanism into polystyrene O



 at 85 – 100°C



C



O O



C O



 using dibenzoyl peroxide as the initiator
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35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS) PS is more rigid than HDPE due to the induced dipole-induced dipole interaction between benzene rings of adjacent polymer chains.



95



35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS) • Polystyrene is transparent, brittle and chemically inert  used to make toys, specimen containers and cassette cases
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35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS) • By heating polystyrene with a foaming agent (e.g. pentane + steam),  expanded polystyrene can be made
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35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS) •



Expanded polystyrene is  an extremely light, white solid foam  mainly used to make light-weight ceiling tiles in buildings, and food boxes and shock absorbers for packaging
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35.3 Synthetic Polymers (SB p.166)



3. Polystyrene (PS)



Some products made of expanded polystyrene
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35.3 Synthetic Polymers (SB p.166)



4. Polyvinyl Chloride (PVC) • PVC is produced by addition polymerization of the choroethene(vinyl chloride) monomers  in the presence of a peroxide catalyst (e.g. hydrogen peroxide at about 60°C)



100



35.3 Synthetic Polymers (SB p.167)



4. Polyvinyl Chloride (PVC) • Presence of the polar C  Cl bond  considerable dipole-dipole interactions exist between the polymer chains  makes PVC a fairly strong material



101



35.3 Synthetic Polymers (SB p.167)



4. Polyvinyl Chloride (PVC) • PVC is hard and brittle



 used to make pipes and bottles



Products made of PVC without plasticizers 102



35.3 Synthetic Polymers (SB p.167)



4. Polyvinyl Chloride (PVC) • When plasticizers (增塑劑) are added O C R



e.g.



R



DEHP



C O



 the effectiveness of the dipoledipole interactions is reduced  PVC becomes more flexible 103



35.3 Synthetic Polymers (SB p.167)



4. Polyvinyl Chloride (PVC) •



Used to make shower curtains, raincoats and artificial leather



•



Used as the insulating coating of electrical wires



Products made of PVC with plasticizers 104



35.3 Synthetic Polymers (SB p.167)



5. Polytetrafluoroethene (PTFE) • PTFE is produced through addition polymerization of the tetrafluoroethene monomers under high pressure and in the presence of a catalyst • Commonly known as Teflon or Fluon



105



35.3 Synthetic Polymers (SB p.167)



5. Polytetrafluoroethene (PTFE) •



Fluorine is larger than hydrogen  the molecular mass of PTFE is greater than that of PE  leads to greater van der Waals’ forces between the polymer chains



106



35.3 Synthetic Polymers (SB p.167)



5. Polytetrafluoroethene (PTFE) • PTFE has a relatively high melting point and is chemically inert • Its non-stick properties make it  an ideal material for the coating of frying pans A teflon-coated frying pan 107



35.3 Synthetic Polymers (SB p.167)



5. Polytetrafluoroethene (PTFE) • As the insulating coating of electrical wires



• As sealing tapes for plumbing joints • For making valves and bearings



108



35.3 Synthetic Polymers (SB p.167)



6. Polymethyl Methacrylate (PMMA) • More commonly known as perspex • PMMA is formed by the free radical addition polymerization of methyl methacrylate in the presence of an organic peroxide at about 60°C



109



35.3 Synthetic Polymers (SB p.168)



6. Polymethyl Methacrylate (PMMA) •



PMMA is a dense, transparent and tough solid  makes it a good material for making safety goggles, advertising sign boards and vehicle light protectors



•



110



Unlike PP, it is easily scratched



35.3 Synthetic Polymers (SB p.168)



6. Polymethyl Methacrylate (PMMA)



Objects made of PMMA: safety goggles and vehicle light protectors 111



Check Point 35-3A



35.3 Synthetic Polymers (SB p.169)



Condensation Polymerization Condensation polymerization is a chemical process in which monomer molecules are joined together to form a polymer with elimination of small molecules such as water, ammonia and hydrogen chloride



112



35.3 Synthetic Polymers (SB p.169)



Condensation Polymerization •



In condensation polymerization,  each monomer molecule must have at least two functional groups



 bifunctional



113



35.3 Synthetic Polymers (SB p.169)



Condensation Polymerization •



Examples of naturally occurring condensation polymers are:  Proteins  Polysaccharides



 DNA
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35.3 Synthetic Polymers (SB p.169)



Condensation Polymerization • Examples of synthetic condensation polymers are:  Nylon (a polyamide) notes p.125  Kevlar (a polyamide)  Dacron (a polyester) notes p.124-125  Urea-methanal notes p.97
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35.3 Synthetic Polymers (SB p.170)



1. Nylon



New York London ? http://www.snopes.com/business/names/nylon.asp



Developed by a research team at DuPont in 1935
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35.3 Synthetic Polymers (SB p.170)



1. Nylon • A group of condensation polymers formed by  the condensation polymerization between a diamine and a dicarboxylic acid



117



35.3 Synthetic Polymers (SB p.170)



1. Nylon • In the polymerization,  



118



amide linkages ( formed



) are



nylon is also known as polyamide



35.3 Synthetic Polymers (SB p.170)



1. Nylon •



One of the most important nylon is nylon-6,6  made from the condensation polymerization between hexane-1,6-diamine and hexanedioic acid
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35.3 Synthetic Polymers (SB p.170)



1. Nylon  In Laboratories, hexanedioic acid is



replaced by hexanedioyl dichloride because the latter is more reactive O Cl Cl O
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35.3 Synthetic Polymers (SB p.170)



1. Nylon • The condensation polymerization begins with  the formation of a dimer, and a water molecule is eliminated



121



Overal equation: H



n H



O



H



(CH2)6



N



N



+



H



n Cl



O



(CH2)4



C



H



6C



H



O



6C



O



N



(CH2)6



N



C



(CH2)4



C



+ n



Nylon 6,6 122



C



Cl



(2n - 1)HCl



35.3 Synthetic Polymers (SB p.171)



Preparation of nylon-6,6 in the laboratory



Preparation of nylon-6,6 in the laboratory



Reaction occurs at the boundary 123



35.3 Synthetic Polymers (SB p.171)



2. Kevlar • Kevlar is an aromatic polyamide • The structure of Kevlar is similar to nylon-6,6



124



35.3 Synthetic Polymers (SB p.171)



2. Kevlar • The two monomers of Kevlar are benzene-1,4-dicarboxylic acid and 1,4-diaminobenzene



water molecules are eliminated 125



35.3 Synthetic Polymers (SB p.171)



2. Kevlar • Part of a polymer chain of Kevlar is shown below:



Polyamide : Polymer with repeating units held by amide linkages 126



35.3 Synthetic Polymers (SB p.171)



2. Kevlar • The repeating unit of Kevlar is:



127



35.3 Synthetic Polymers (SB p.171)



2. Kevlar • Kevlar is a very strong material



 used for reinforcing car tyres • Used to make ropes  20 times as strong as steel ropes of the same weight • Used for making reinforced aircraft wings and bullet-proof vests 128



35.3 Synthetic Polymers (SB p.171)



2. Kevlar



The bullet-proof vest is made of Kevlar 129



35.3 Synthetic Polymers (SB p.171)



2. Kevlar • What is the main weakness of kevlar ?



Kevlar undergoes alkaline hydrolysis



130



35.3 Synthetic Polymers (SB p.172)



3. Dacron • Dacron is the DuPont trade mark for the polyester Polyethylene terephthalate



(PET, PETE, PETP) • Sometimes called Terylene



131



Poly(ethylene terephthalate) (PET) PET is a condensation polymer formed between a dioic acid and a diol. monomer 1:



HO



bifunctional



O



O



C



C



OH



a dioic acid benzene-1,4-dioic acid (對苯二甲酸)



terephthalic acid
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HO



monomer 2:



CH2



CH2



a diol ethane-1,2-diol



OH



terephthalic acid Esterification (condensation)



ethane-1,2-diol 250C, H+ catalyst



Ester linkage 133



the ester molecule formed still has unreacted functional groups at both ends



Repeated condensations



(Polyester) 134



Overal equation: Terephthalate ethylene



Terylene (in UK) or Dacron (in USA)
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PET Polymer:



Repeating unit:



136



Properties and uses The ester linkages are polar.  Polymer chains are held together by strong dipole-dipole interaction.



 strong  tough  smooth  resistant to water and chemicals 137



resistant to wrinkle can be dried easily Clothes made of 100% polyester. 138



soft, comfortable, absorb sweat quickly Clothes made of 100% cotton. 139



Strong and comfortable to wear Clothes made of 35% polyester and 65% cotton. 140



Properties and uses



 resistant to



chemicals  Non-toxic  easily washed PET is commonly used for making food containers and bottles.
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4. Urea-methanal Urea-methanal is a polyamide, which is a condensation polymer formed from the following two monomers:



142



bifunctional



bifunctional?



urea



methanal



Stage One : repeated condensations



Conc. H2SO4 as catalyst
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−H2O repeated condensations



Stage Two : Formation of cross-links



Strong covalent bonds Cross-links 144



further −H2O condensations



Stage Two : Formation of cross-links For cross-links to form, one of the monomers must have more than two reactive sites



145



further −H2O condensations



urea For cross-links to form, one of the monomers must have more than two reactive sites
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Stage Two : Formation of cross-links hard, rigid three-dimensional giant network Strong covalent bonds 147



further −H2O condensations



4. Urea-methanal Polymer:



148



Repeating unit:



stir



after further stirring



white solid of ureamethanal



conc. sulphuric acid solution of urea and methanal



white viscous liquid



Laboratory preparation of urea-methanal. 149



Properties



 white in colour  hard and rigid  excellent electrical and heat insulator  resistant to chemical attack  insoluble in any solvent  upon heating, it does not change in shape 



150



or melt under strong heating, it decomposes



Uses Light coloured electrical switches, plugs, sockets and casings for electrical appliances
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Uses Ashtrays and handles of frying pans
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35.3 Synthetic Polymers (SB p.175)



4. Urea-methanal •



Urea-methanal is a thermosetting plastic  once set hard cannot be softened or melted again by heating



153



Production of plastic products Two steps are involved



1. Addition of additives a) dyes — to give colour; b) stabilizers — to give stability to the plastics as well as to the colour dyes and pigments;



c) plasticizers — to make the plastics more flexible; d) fillers — to make the products stronger and opaque. 154



Production of plastic products Two steps are involved 2. Moulding a) Injection moulding b) Compression moulding c) Blow moulding



155



Injection moulding(注射成型)  Almost all thermoplastics are moulded by injection moulding.
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Injection moulding(注射成型) + dye / stabilizer / plasticizer / filler



157



Injection moulding(注射成型)



 The material is melted as the plunger moves backwards.  The melted plastic is then forced into the mould as the plunger moves forwards.  The plastic sets in the shape of the mould as it cools. 158



Injection moulding(注射成型) A mark can be found at the bottom
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Compression moulding(壓縮成型)  Compression moulding is used to mould thermosetting plastics.



160



Compression moulding(壓縮成型)



 As the powder softens, lower the upper half of the mould to compress the melted plastic into shape.  Cross-linking occurs on further heating and the plastic sets. 161



Blow moulding  Suitable for making hollow containers. Molten plastic tube



162
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35.4 Effect of Structure on Properties of Polymers (SB p.176)



Introduction Properties depend on how the polymer chains are packed together



Amorphous vs. Crystalline Quasicrystals Regular patterns that never repeat !! 2011 Nobel Prize Chemistry 164



Amorphous



Crystalline



Irregular Regular Structure loosely packed closely packed



Properties



165



Transparent Flexible less dense



Opaque harder Denser



35.4 Effect of Structure on Properties of Polymers (SB p.176)



Introduction Three types of polymers : A. Polymer chains containing carbon and hydrogen atoms only are held together by weak van der Waals’ forces 



low melting points







low mechanical strength



e.g. P.E. 166



35.4 Effect of Structure on Properties of Polymers (SB p.176)



Introduction 2. If polymer chains are held together by (i)



stronger van der Waals’ forces (PP,PTFE)



(ii) dipole dipole interaction (PVC,PET), (iii) hydrogen bonds (Nylon)  the mechanical strength of the polymers would be stronger
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35.4 Effect of Structure on Properties of Polymers (SB p.176)



Introduction 3. If cross-linkages are present between polymer chains  the polymers would be mechanically stronger, more elastic or more rigid depending on the extent of crosslinkages in the polymer
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35.4 Effect of Structure on Properties of Polymers (SB p.176)



Low Density Polyethene and High Density Polyethene LDPE : - Highly branched polymer chains HDPE : - Linear polymer chains with very little branching
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35.4 Effect of Structure on Properties of Polymers (SB p.176)



The branches prevent the polymer chains from getting close to each other



 low packing efficiency



Structure of LDPE 170



35.4 Effect of Structure on Properties of Polymers (SB p.176)



 creates a significant proportion of amorphous regions in the structure



 low density crystalline



amorphous



Structure of LDPE 171



35.4 Effect of Structure on Properties of Polymers (SB p.177)



HDPE : 



contains long polymer chains with very little branching







the polymer chains can pack closely together into a largely crystalline structure







higher density
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35.4 Effect of Structure on Properties of Polymers (SB p.177)



Low Density Polyethene and High Density Polyethene Crystalline structure



Structure of HDPE 173



35.4 Effect of Structure on Properties of Polymers (SB p.177)



Low Density Polyethene and High Density Polyethene •



Compared with LDPE, HDPE  is harder and stiffer



 has a higher melting point  has greater tensile strength  has strong resistance to chemical attack  has low permeability to gases 174



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar Both are polyamides with high tensile strength



175



35.4 Effect of Structure on Properties of Polymers (SB p.178)



(a)



Nylon Non-aligned crystalline region



spun and drawn into fibres (b) Aligned crystalline region 176



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar



In drawn nylon, the aligned polymer chains are held together through hydrogen bonds formed between the amide groups 177



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar



In drawn kevlar, the aligned polymer chains are held together by hydrogen bonds 178



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar



Two factors affecting the extent of H-bond formation : 179



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar



1. 180



C=O and N-H groups should point in opposite directions to allow formation of interlocked network of polymer chains



35.4 Effect of Structure on Properties of Polymers (SB p.179)



Nylon and Kevlar • When the -C=O and –N-H groups are on the same side  the polymer chain would not be straight  the number of hydrogen bonds formed between adjacent chains would be less
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35.4 Effect of Structure on Properties of Polymers (SB p.179)



Nylon and Kevlar (a)



(b)



(a) The -C=O and -N-H groups on opposite sides make the chain straight



(b) The -C=O and -N-H groups on the same side make the chain bent
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35.4 Effect of Structure on Properties of Polymers (SB p.179) H N O



C



C



O N H



H



O C



O



N



C



N H



183



H



C



N



N O



Closer packing can be achieved.  more stable



H N O O N



H



H



N



O O N



H



H



N



O O N H
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O



H



O



H



N



N



N



N



H



O



H



O



O



H



O



H



N



N



N H



N O



H



O



More open packing  less stable 185



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar



8C



6C



2. 186



Nylon 6,8 > Nylon 6,6



The two monomers should have similar lengths to allow better formation of Hbonds



35.4 Effect of Structure on Properties of Polymers (SB p.178)



Nylon and Kevlar



The two monomers have almost the same length  Maximum H-bond formation 187



35.4 Effect of Structure on Properties of Polymers (SB p.179)



Nylon and Kevlar •



Kevlar is much stronger than nylon Reasons : 1. The two monomers have almost the same length  inter-chain H-bond formation is maximized.
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35.4 Effect of Structure on Properties of Polymers (SB p.179)



Nylon and Kevlar •



Kevlar is much stronger than nylon Reasons : 2. The interlocking network of Kevlar is stabilized by extensive delocalization of  electrons
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35.4 Effect of Structure on Properties of Polymers (SB p.179) -



O



O C



C



N



N H



H



In nylon, the C–N bond has some double bond character due to delocalization of  electrons  Free rotation about the axis of the bond is restricted



 Interlocking network is stabilized 190



35.4 Effect of Structure on Properties of Polymers (SB p.179) O-



O C



C



N



N H



H



In kevlar, the C – N bond has more double bond character due to extensive delocalization of  electrons  free rotation about the axis of the bond is more restricted  the interlocking structure is more stabilized. 191



35.4 Effect of Structure on Properties of Polymers (SB p.179)



Nylon and Kevlar •



Kevlar is much stronger than nylon Reasons : 3. The 2-D network sheet of Kevlar is further stabilized by 3-D stacking
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35.4 Effect of Structure on Properties of Polymers (SB p.179)



O C



H



N



N O



H C



C



O



O



N



C



H



All C, N and O are sp2 hybridized and all atoms are coplanar



H



N



N O



H C



C



O



O



N



C



H



H



N



N



H



O



C



C



O N H
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2D network sheet
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O C



H



N



N



H



O



C



C



O



O



N



C



H



Like graphite, the sheet can stack over one another to give a 3D structure



H



N



N



H



O



C



C



O



O



N



C



H



H



N



N



H



O



C



C



O N H
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2D network sheet



35.4 Effect of Structure on Properties of Polymers (SB p.179) O



The layers are strongly held together by large area interaction of van der Waals’ forces



C H



N



H
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O



C
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C



C
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H



35.4 Effect of Structure on Properties of Polymers (SB p.179)



Nylon and Kevlar 



Kevlar fibres are very strong







used for making reinforced rubbers and bullet-proof vests
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35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers Properties of natural rubber When hot 



it melts (becomes runny and sticky)



When cold 



197



it gets hard and brittle



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers Natural rubber heat



S8 + other additives



Vulcanized rubber



Does not melt when hot Does not get hard and brittle when cold 198



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers Natural rubber heat



S8 + other additives



Vulcanized rubber



First discovered by Charles Goodyear in 1839 199



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers Natural rubber heat



S8 + other additives



Vulcanized rubber



Vulcan : Roman god of fire http://en.wikipedia.org/wiki/Vulcanization 200



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers • Natural rubber is a polymer of the monomer 2-methylbuta-1,3-diene (isoprene)



2-Methylbuta-1,3-diene



201



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers • Poly(2-methylbuta-1,3-diene) or polyisoprene can exist in cis- or trans- forms • Natural rubber is the cis-form • Gutta Percha is the trans-form
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35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers Soft and sticky



cis-



natural rubber H3C



trans-



H2C C



CH2



CH 2



CH



C H3C



H3C CH H2C



H2C C



CH2



CH



Hard and brittle



gutta percha(馬來樹膠) 203



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers cis-



natural rubber Why does natural rubber melt when heated ?



On heating, the polymer chain can slip across one another 204



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers cis-



natural rubber Why does molten natural rubber lose its elasticity when cooled ? On heating, the polymer chain undergoes a cis- to trans- transformation to some extent. 205



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers



Melts and cools H3C



H2C C



CH2 206



CH 2



CH



C H3C



H3C CH H2C



H2C C



CH2



CH



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers Vulcanized rubber is less susceptible to chemical attacks due to presence of less C=C bonds
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35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers No. of S in cross-linkage : 1 to 8
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35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers • When vulcanized rubber is heated, the polymer chains are still held together by sulphur cross-linkages. Thus,



1. they cannot slip across one another  does not melt when heated 2. the cis to trans conversion is prohibited.  does not become brittle when cooled 209



35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers The properties of vulcanized rubber depend on 1. The extent of the cross-linkages formed between the polymer chains 2. The no. of S atoms in the cross-linkages
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35.4 Effect of Structure on Properties of Polymers (SB p.180)



Vulcanization of Polymers • If the rubber has few cross-linkages or has cross-linkages with more S atoms,  it is softer, more sticky and more elastic • If the rubber has many cross-links or has cross-linkages with less S atoms ,  it is harder, less sticky and less elastic
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35.4 Effect of Structure on Properties of Polymers (SB p.181)



Application of vulcanized rubber 1. Car tyres are made of rubber with carefully controlled vulcanization



 do not melt when they get hot at high speed but still possess high grip (抓地力) 2. Bowling ball / mouthpiece of saxaphone hard but still possess certain degree of elasticity 212



35.4 Effect of Structure on Properties of Polymers (SB p.181)



Vulcanization of Polymers



Car tyres are made of vulcanized rubber 213



35.4 Effect of Structure on Properties of Polymers (SB p.181)



Degradable Plastics • Natural polymers (e.g. wood and paper) are biodegradable  micro-organisms in water and in the soil use them as food • Synthetic polymers (e.g. plastics) are nonbiodegradable



 can remain in the environment for a very long time 214



35.4 Effect of Structure on Properties of Polymers (SB p.181)



Degradable Plastics • Nowadays, plastic waste constitutes about 7 % of household waste • In Hong Kong, plastic waste is buried in landfill sites  it remains unchanged for decades



 more and more landfill sites have to be used 215



35.4 Effect of Structure on Properties of Polymers (SB p.181)



Degradable Plastics • In order to tackle the pollution problems caused by the disposal of plastic waste  degradable plastics have been invented
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Degradable Plastics • Several types of degradable plastics:  biopolymers  photodegradable plastics  synthetic biodegradable plastics
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35.4 Effect of Structure on Properties of Polymers (SB p.181)



1. Biopolymers •



Polymers made by living micro-organisms (e.g. paracoccus, bacillus and spirullum)



•



e.g. The biopolymer poly(3-hydroxybutanoic acid) (PHB) is made by certain bacteria from glucose
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1. Biopolymers •



When PHB is disposed,  the micro-organisms found in the soil and natural water sources are able to break it down within 9 months



•



219



However, PHB is 15 times more expensive than polyethene



35.4 Effect of Structure on Properties of Polymers (SB p.181)



1. Biopolymers (a) Paracoccus



(b) Bacillus



(c) Spirullum 220



35.4 Effect of Structure on Properties of Polymers (SB p.182)



2. Photodegradable Plastics • Photodegradable plastics have lightsensitive functional groups (e.g. carbonyl groups) incorporated into their polymer chains



• These groups will absorb sunlight  use the energy to break the chemical bonds in the polymer to form small fragments 221



35.4 Effect of Structure on Properties of Polymers (SB p.182)



2. Photodegradable Plastics



This plastic bag is made of photodegradable plastic 222



35.4 Effect of Structure on Properties of Polymers (SB p.182)



3. Synthetic Biodegradable Plastics •



Made by incorporating starch or cellulose into the polymers during production



•



 micro-organisms consume starch or cellulose



 the plastics are broken down into small pieces
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35.4 Effect of Structure on Properties of Polymers (SB p.182)



3. Synthetic Biodegradable Plastics •



The very small pieces left have a large surface area



 greatly speeds up their biodegradation
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3. Synthetic Biodegradable Plastics •



Drawbacks of this method:  the products of biodegradation may cause water pollution



 the rate of biodegradation is still too low for the large quantity of plastic waste generated Check Point 35-4 225



The END
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35.2 Naturally Occurring Polymers (SB p.154)



Are amino acids optically active?



Yes. All amino acids except glycine ( R = H) are optically active. Back
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35.2 Naturally Occurring Polymers (SB p.160)



Can two people have exactly the same DNA?



Yes. Identical twins have exactly the same DNA.
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35.2 Naturally Occurring Polymers (SB p.160)



(a) Name three naturally occurring polymers. (b) What is a peptide linkage? Illustrate your answer with 2-aminopropanoic acid. (a) Proteins, polysaccharides and DNA (b) A peptide linkage is the covalent bond formed by the condensation reaction between two amino acids with the elimination of a water molecule. 229



35.2 Naturally Occurring Polymers (SB p.160)



Back (c) What is a glycosidic linkage? Draw the structure of sucrose and indicate such a linkage. (d) Why is the structure of DNA called a double helix? (c) A glycosidic linkage is the bond formed from the condensation reaction between two — OH groups of two monosaccharides.



(d) It is a structure with two long polymer chains coiled around a common axis. 230



35.3 Synthetic Polymers (SB p.170)



There is another kind of nylon called nylon-6. It is similar to nylon-6,6 except that it has one monomer only. What is the structure of the monomer of nylon-6?



http://en.wikipedia.org/wiki/Nylon_6



caprolactam
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35.3 Synthetic Polymers (SB p.170)



There is another kind of nylon called nylon-6. It is similar to nylon-6,6 except that it has one monomer only. What is the structure of the monomer of nylon-6?
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35.3 Synthetic Polymers (SB p.170)



N-H and C=O groups point in opposite directions to allow formation of H-bonds with polymer chains from both sides O



Nylon 6



C



H N



N



C



H



O



H



Nylon 6,6



N



N



O



H



C



N



C



N



C



O



H



O



Back 233



35.3 Synthetic Polymers (SB p.173)



Why would a hole appear when a dilute alkali is spilt on a fabric made of polyester?



Polyesters undergoes alkaline hydrolysis leaving a hole on the fabric.



Back 234



35.3 Synthetic Polymers (SB p.169)



Answer



Complete the following table. Polymer



Polyethene



Abbreviat Structural -ion formula of monomer



Structural formula of polymer



Uses



(a)



(b)



(c)



(d)



Polypropene (e)



(f)



(g)



(h)



Polystyrene



(i)



(j)



(k)



(l)



Polyvinyl chloride



(m)



(n)



(o)



(p)



Polytetrafluo (q) roethene



(r)



(s)



(t)



Polymethyl (u) 235 methacrylate



(v)



(w)



(x)



35.3 Synthetic Polymers (SB p.169)



(a) PE (c)



(b) CH2 = CH2



(d) LDPE: plastic bags, wash bottles and food wraps HDPE: milk bottles and water buckets (e) PP (f) CH3CH = CH2 (g)
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35.3 Synthetic Polymers (SB p.169)



(h) Moulded furniture, crates, kitchenware, food containers, fibres for making ropes and hard-wearing carpets and athletic wear (i) PS (j) (k)



(l)



Polystyrene: toys, specimen containers and cassette cases Expanded polystyrene: light-weight ceiling tiles in building, disposable foam cups and food boxes and shock absorbers for packaging (m) PVC (n) CHCl = CH2 237



35.3 Synthetic Polymers (SB p.169)



(o)



(p) PVC without plasticizers: pipes and bottles PVC with plasticizers: shower curtains, raincoats, artificial leather and insulating coating of electrical wires (q) PTFE (r) CF2 = CF2 (s)
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35.3 Synthetic Polymers (SB p.169)



Back (t)



As the coating of frying pans, as the insulating coating of electrical wires, as sealing tapes for plumbing joints and for making valves and bearings (u) PMMA (v) (w)



(x) Safety goggles, advertising sign boards and vehicle light protectors
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35.3 Synthetic Polymers (SB p.175)



(a) Complete the following table. Polymer



Structural formula of monomer



Structural formula of polymer



Uses



Nylon-6,6



(i)



(ii)



(iii)



Kevlar



(iv)



(v)



(vi)



Dacron



(vii)



(viii)



(ix)



Urea-methanal



(x)



(xi)



(xii)



Answer 240



35.3 Synthetic Polymers (SB p.175)



(a) (i)



and



(ii)



(iii) Carpets, thread, cords and various kinds of clothing from stockings to jackets 241



35.3 Synthetic Polymers (SB p.175)



(a) (iv)



and



(v)



242



35.3 Synthetic Polymers (SB p.175)



(a) (vi) Reinforcing car tyres, ropes, reinforcing aircraft wings and bullet-proof vests (vii) and



(viii)



(ix) Trousers, skirts, sheets and boat sails 243



35.3 Synthetic Polymers (SB p.175)



(a) (x)



(xi)



(xii) Electrical sockets and casings for electrical appliances
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35.3 Synthetic Polymers (SB p.175)



Back



(b) How does urea-methanal differ from nylon, Kevlar and Dacron, even though all of them are condensation polymers? (c) Define the terms “polyamides” and “polyesters”.



Answer (b) Urea-methanal has extensive cross-linkages in the structure. However, nylon, Kevlar and Dacron do not have extensive crosslinkages in the structure. (c) Polyamides are polymers with repeating units held together by amide linkages ( ). Polyesters are polymers with repeating units held together by ester linkages ( ).
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35.4 Effect of Structure on Properties of Polymers (SB p.181)



The trans-form of poly(2-methylbuta-1,3-diene) is found in gutta percha, a hard, greyish material which does not change shape and does not resemble rubber. Can you draw the structure of the trans-form of poly(2-methylbuta-1,3-diene)?



Answer



Back 246



35.4 Effect of Structure on Properties of Polymers (SB p.183)



(a) What are the two types of polyethene? What is the structural difference between them?



Answer



(a) The two types of polyethene are low density polyethene (LDPE) and high density polyethene (HDPE). In LDPE, the polymer chains are highly-branched. As the branches prevent the polymers from getting close to each other, the polymer chains do not pack together well. In HDPE, the polymer chains are long molecules with very little branching. The polymer chains can pack closely together. 247



35.4 Effect of Structure on Properties of Polymers (SB p.183)



(b) Why does nylon have higher mechanical strength than polyethene?



Answer



(b) In nylon, adjacent polymer chains are held together by strong hydrogen bonds. In polyethene, adjacent polymer chains are only held together by weak van der Waals’ forces.
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35.4 Effect of Structure on Properties of Polymers (SB p.183)



(c) Explain the term “vulcanization of rubber”. What are the differences between natural rubber and vulcanized rubber?



Answer



(c) Vulcanization of rubber means addition of sulphur to natural rubber so that cross-linkages between polymer chains are formed. Vulcanized rubber does not melt when heated and does not become brittle when cooled. The extent of the cross-linkages formed between the polymer chains also affects the properties of vulcanized rubber.
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35.4 Effect of Structure on Properties of Polymers (SB p.183)



Back (d) What are the three main types of degradable plastics? Why are they degradable?



Answer



(d) Three main types of degradable plastics are biopolymers, photodegradable plastics and synthetic biodegradable plastics. Biopolymers are degradable because they can be broken down by micro-organisms in the soil and natural water sources. Photodegradable plastics are degradable because the lightsensitive functional groups in the polymer chains absorb sunlight and use the energy to break the chemical bonds in the polymer to form small fragments. Synthetic biodegradable plastics are made by incorporating starch or cellulose into the polymers during production. Since micro-organisms consume starch or cellulose, 250 the plastics are broken down into small pieces.
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