Polymers

Polymers are 
The process of linking monomer units into a polymer is called

Addition polymers result from the addition reactions of monomers containing unsaturated carbon-carbon bonds.

Examples:

Polyethylene (a polymer of ethene)

The structure of polymers can be abbreviated by showing the repeating unit in brackets and a subscript ‘n’.

Polypropene (a polymer of propene)

Ethene in polymers is also known as ‘vinyl’ and are generally categorized as plastics.  When the hydrogen atoms on the C=C are substituted, the resulting polymers have very different properties.

Polyvinyl Chloride (PVC) – an addition polymer of chloroethene.

Polystyrene – an addition polymer of phenylethene (commonly known as vinyl benzene or styrene)

Polytetraflouroethene 

Properties of Plastics

(Table 1 page 139 – Codes on Everyday Plastics)

Homework:
Using products found at home, identify as many SPI resin codes as you can and what the plastic product is used for

Strengthening Polymers with Crosslinking

Polymers can also be created using dienes (monomers that contain two C=C bonds).

An example is synthetic rubber

This polymer still has an available C=C bond in its structure that can be used to ‘crosslink’ to other polymer chains. Since these are covalent bonds (much, much stronger than Van der Waals forces) crosslinked polymers form much stronger materials and can give them elastic properties.

A process called vulcanization adds sulfur to rubber to form these cross links.

When rubber is stretched these sulfur crosslinks hold the chains together and return them to their original position. The degree of elasticity can be controlled by how much cross linking is allowed to proceed. Hard rubber is vulcanized rubber in which 30% to 50% of sulfur has been mixed before heating; soft rubber (i.e. rubber bands) contains usually less than 5% of sulfur.

Plastics with little or no cross linking will soften when heated and then take on a new shape upon cooling – these are called

Plastics with a high degree of cross linking are not softened by heat and are called 
Condensation Polymers

One type of polymer condensation reaction involves dicarboxylic acids and diols and the production of water.  In this way very long ester chains can be formed called polyesters.

An example of a polyester is Dacron, made from 1,4-benzenedicarboxylic acid 
(p-phthalic acid) and 1,2-ethanediol (ethylene glycol).

The attractive forces between the polar carbonyl groups between chains gives polyesters considerable strength.

Polyamides are created in the condensation reaction of a dicarboxylic acid and diamines and the production of water.

Example: Nylon 4,6 (1,4-diaminobutane and hexanedioic acid)

Silk is a natural polyamide. When polyamides are spun the long polymer chains line up parallel to each other. In this way hydrogen bonds are formed between the N-H bonds of the amines and the C=O bonds of the carbonyl groups to form cross links, making nylon a very strong fibre.

Another polyamide is Kevlar, which is stronger than steel, heat resistant and lightweight. It is used in aircraft, sporting equipment, protective clothing for firefighters, and bulletproof vest for police officers. It is made from 1,4-benzenedioc acid and 1,4-diaminobenzene. (see page 110)
Proteins

Large molecules found in all living organisms, made up of 20 different monomers called 

Proteins make up 

All amino acids have an amino group and a carboxyl group attached to the same carbon atom.
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H2N—C—C—OH


Chiral molecules – any molecule containing a carbon with four different attached groups is capable of existing as two different isomers that are mirror images of each other (known as ‘L’ and ‘D’ isomers). All natural amino acids exist as ‘L’ isomers. (The problem with the hormone thalidomide is that the ‘D’ isomer has undesirable side effects).

Amino acids form polymers through condensation reactions between an amine group and a carboxyl group to form a peptide bond and eliminate a water molecule. These are called polypeptides. Proteins may consist of several polypeptide chains.
Protein Structure (see page 122)
Proteins have up to four levels of organization that gives each protein a unique physical shape with unique physical characteristics.

Primary structure (1o)

The sequence of amino acids in the polypeptide chain (the ‘genetic code’).

Secondary Structure (2o)

The polypeptide chain can be either pleated-sheets or alpha-helix coils. These two different structures are the result of polar and non-polar amino acids at different locations within the chain attracting each other (van der Waals forces, dipole-dipole forces, and hydrogen bonding between amine groups and carbonyl groups).

Tertiary structure (3o)

Proteins may have combinations of pleated-sheet and alpha-helix coils that can interact with each other to twist the protein into a specific shape. The shape is closely related to the role the protein plays in the organism.

Quaternary Structure (4o)

Some proteins are formed from two or more protein subunits joined by van der Waals forces and hydrogen bonding.

Denaturation of Proteins

This is the process where the bonds responsible for the secondary and tertiary structures of proteins are broken. This is the process for getting a ‘perm’. The bonds between the amino acids in hair are first chemically broken. They are then allowed to reform with a second chemical solution in the desired locations.

Homework:
pg 124, Section 2.4, #1(6

Polymers of Sugar – Starch and Cellulose

Starch and cellulose are natural polymers formed from sugars and are members of the carbohydrate family. All carbohydrates have the general formula Cx(H2O)y (i.e. hydrated carbons).

Glucose (a five-carbon ring) and fructose (a four-carbon ring) are isomers with the formula C6H12O6. Both are single units of sugar and are called monosaccharides.

These two molecules can be joined together in an enzyme-catalyzed dehydration reaction.
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sucrose
+
H2O

Sucrose is a disaccharide since it is made up of two monosaccharides.

As you can see from these diagrams, sugar molecules tend to be ‘chair-shaped’, with some functional groups ‘above’ the ring and others ‘below’ the ring. The location of these groups above or below the ring result in different isomers of glucose.

Lactose (a sugar in milk) is another disaccharide made up of glucose and galactose (another isomer of glucose). The enzyme lactase is needed to break down the lactose into its constituent monosaccharides before it can be digested. People who cannot produce this enzyme are said to be lactose intolerant.

Sugars have high melting points and are very soluble in water because of the number of OH groups that they have.

Starches are polymers of glucose and are called polysaccharides. Starches are readily available as a food source in rice, wheat, corn and potatoes. 

Glycogen is another polysaccharide that animals can produce and store in muscles and the liver as a ready source of energy.

A third polymer of glucose is cellulose, which is produced by plants as a rigid structural material (wood, cotton fibres, hemp fibres).

Properties of polysaccharides

	Starch and Glycogen
	-monomers added at angles that creates a helical structure in the chain maintained by hydrogen bonds

-single chains are small enough to be soluble in water

-humans have the appropriate enzymes to hydrolize both of these polysaccharides

	Cellulose
	-monomers added to produce a linear chain that can align side by side which promotes interchain hydrogen bonding

-very rigid, bulky and inflexible

-not soluble in water

-humans do not have the enzymes to hydrolize this polysaccharide

-herbivores have specialized stomachs that house enzyme-producing bacteria or protozoa to aid in the breakdown of cellulose


Homework:
pg 128
Practice 
#2,3,5




Questions
#1c,d,2,6,7,8
Nucleic Acids

http://student.ccbc.cc.md.us/biotutorials/dna/dna_index.html

DNA (deoxyribonucleic acid) is a polynucleotide made up of only four different nucleotide monomers. These are adenine (A), thymine (T), guanine (G) and cytosine (C). These four monomers consist of a phosphate group, a ribose sugar and a nitrogenous base (A, T, G or C), where only the nitrogenous base is different. 
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The polynucleotides formed from these monomers are called nucleic acids and are bonded to each other by condensation reactions involving hydroxyl groups of the phosphate on one monomer and the ribose of another monomer.

Segment of a DNA molecule
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The phosphate, ribose sugar backbone of DNA gives it a helical shape. Because of the hydrogen bonding between the A-T and C-G nitrogenous base monomers, it forms a double helix structure (two helix structures twisting around each other). Because of this unique base pairing each strand of the DNA molecule is an exact opposite of the other strand. During cell replication the hydrogen bonds are broken and the two free strands can form the correct ‘counter-strands’ to themselves because of this base pairing.

Another nucleic acid is RNA (ribonucleic acid). It is similar to DNA in that it also has a phosphate ribose backbone, but its sugar is slightly different, it is only a single helix molecule and it uses a nitrogenous base monomer called uracil instead of thymine.
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There are three basic types of RNA:

mRNA – messenger RNA copies the genetic information in the DNA by complementary base pairing and carries this "message" to the ribosomes where the proteins are assembled
tRNA – transfer RNA picks up specific amino acids, transfers the amino acids to the ribosomes, and inserts the correct amino acids in the proper place according to the mRNA message
rRNA – ribosomal RNA and ribosomal proteins form the ribosomal subunits
Homework: pg 131, #1(6 (except 4)
Fats and Oils

Fats and oils belong to an organic class of compounds called lipids. Generally, fats are solid at SATP and oils are liquids at SATP.

Fats and oils are triglycerides: esters formed between the three alcohol groups on glycerol (1,2,3-propanetriol) and long-chain carboxylic acids called fatty acids.

Simple triglycerides occur when all three hydroxyl groups are replaced with three identical fatty acids. If the fatty acids are different it is called a mixed triglyceride (which is the case for most fats and oils).

Palmitin is an example of a simple triglyceride found in palm oil, olive oil, lard and butter formed from palmitic acid CH3(CH2)14COOH and glycerol.
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Fats and oils are generally very insoluble in water because of their long non-polar components and the lack of any significant polar bonds (they only have ester bonds and no hydrogen bonding).

Some fatty acids are fully saturated which means that the parts of the molecule are free to rotate around the C—C single bonds. This means that the molecules can pack closely together which results in maximum van der Waals forces. These fatty acids tend to be solids at SATP (butter, lard).

Unsaturated fatty acids have C=C double bonds which creates bends in the molecule. As a result these molecules cannot be packed together as closely as saturated fatty acids and hence the van der Waals forces are weaker and they tend to have lower melting points. These fatty acids tend to be liquids at SATP and are known as oils (corn oil, vegetable oil).

Also, because of these C=C double bonds, cis and trans isomers are possible.
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Vegetable oils contain more unsaturated fatty acids than do animal fats. They are said to be polyunsaturated compounds. When margarine is made, vegetable oils are hydrogenated to get rid of the C=C bonds. The decrease in C=C bonds allows the resulting molecules to pack closer together and the oils become solid. ‘Soft’ magarine has a smaller proportion of C=C bonds hydrogenated than does ‘hard’ margarine which is closer to being fully hydrogenated.

Fats and oils are very large molecules that have a high caloric value which makes them a good source of energy for many organisms. Fats can be stored in an organisms cells for later use when other food sources may not be available. 

A major concern in our society is obesity which involves the excess storage of fats based on consumption of fats and other related food products and a lack of corresponding activity to balance this.

Trans-fatty acids have hit the news lately because of their potential detrimental health effects.

http://www.americanheart.org/presenter.jhtml?identifier=4776
Homework: 
Pg 136
Practice #2



Section 2.7
#1,2,3,4a,b,c,d,6,7
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The 20 natural amino acids have different R groups. (see page 119)
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Ribose has one extra OH group on the second carbon of the sugar ring
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