POLYMER NOTES FIRST & SECOND UNIT

INTRODUCTION OF POLYMER-
DEFINITION- The word polymer is derived from two Greek words- Poly means many and Meros means parts. Thus polymers are those chemical compounds having many parts. Polymer is a long chain molecule formed by the joining of thousands of small molecules by chemical bonds.
CH2=CH2-               CH2-CH2
                                                                     Monomer               polymer
Due to their large size they are also called macromolecules.
The chemical process leading to the formation of polymers is known as Polymerization.
The number of monomeric units contained in a polymer is called degree of polymerization.
Characteristic of polymers-
1- Polymeric molecules are very large molecules. Their average molecular weight may approach 105 or more. That is why they are also called Macromolecules.
2- Polymers are semi crystalline materials. It means polymers have both the properties of crystalline and amorphous. This state is called crystallites embedded in amorphous regions. Crystallites provide strength and hardness and amorphous regions provide flexibility to the polymeric material.
3- The inter molecular forces in polymers may be Wander Waals forces, dipole-dipole interaction, or hydrogen bonds. These intermolecular are in addition to covalent bonds which connects the repeating units into a macromolecule.
4- The chemical, electrical, optical, mechanical and thermal or thermal properties of polymer depends on:
I. Size and shape of polymer molecules
II. The presence and absence of characteristic intermolecular forces.
5- Polymers are combustible materials.
6- Polymers have low densities and they show excellent resistance to corrosion.
7- Polymers are thermal and electrical insulators.
8- Polymers are easily moldable into complex shapes.





 Polymer functionality-
Functionality means the number of bonding sites in a monomer. For a substance to act as a monomer, it must have two reactive sites. In other words they should have a functionality of at least two. The number of functional groups present in a compound defines its functionality. For example-
Acetic acid (CH3COOH) have only one functional group (-COOH), its functionality is one.
Ethylene glycol (HO-CH2-CH2-OH) has two functional groups (-OH) its functionality is two.
Lactic acid (CH3CHOHCOOH) has two functional groups (-OH, COOH) its functionality is two.
Tartaric acid (HOOC-(CHOH)2COOH) has four functional groups, its functionality is four.
Some compounds do not have any reactive functional groups but presence of double and triple bonds make them bifunctional or multifunctional. Hence these molecules can act as monomers. 
For example ethylene (CH2=CH2) has one double bond, its functionality is two.
Some important definition-
Monomer- monomer is defined as simple molecules with two or more bonding sites through which it forms covalent linkages with other monomer molecules to form macromolecule.
For example is a polyethylene is a polymer formed by repeated linkage of simple ethylene molecules.
              nCH2=CH2 → (CH2-CH2)n
Polymerization- Polymerization is defined as the chemical reaction in which monomer is converted into polymer under specific conditions in the presence of initiators. Polymerization reactions are of two types-
Addition polymerization reactions- In which monomers are added in a single step without elimination of any small molecule like water, ammonia, HCL etc.
Condensation polymerization reaction- in which monomers are added in multiple steps with the elimination of small molecules like water, ammonia, HCL etc. 

Classification of polymers- polymers are classified on different basis-
1- On the basis of source and origin- on this basis polymers are of following three types-
I. Natural polymers
II. Synthetic polymers
III. Semi synthetic polymers
       Natural polymers- These are obtained from natural sources such as animals and plants. For          example- RNA, DNA, natural rubber, cellulose, and starch.
      Semi synthetic polymers- These are the polymers which are formed by some chemical modification in natural polymers. For example- nitro cellulose, cellulose acetate.
    Synthetic polymers- Synthetic polymers are manmade polymers which are formed by combining synthetic monomeric units in a controlled laboratory conditions. For eg- polyethylene, polyvinyl chloride, polyvinyl acetate, polyvinyl alcohol, polystyrene, polyacrylonitril, Bakelite, Buna-s, Buna-n etc.
2- On the basis of chemical structure-on the basis of chemical structure of the backbone polymers are of two types-
I. Homopolymers- These polymers consist if identical monomeric units. For eg- polyethylene, polypropylene etc.
II. Copolymers- these polymers consist of more than two types of monomeric units in their backbone chain . for eg- styrene butadiene rubber.

3- On the basis of polymeric structure- they can be divided into three groups-

I. Linear polymers-in linear polymers each monomeric unit is linked with two other monomeric units on either side, forming a straight chain. For e.g. - high density polymers.

II. Branched polymers- in branched polymers most of the monomeric units are linked together on either side. Some monomeric units are linked with third monomeric unit. The growth of main chain is in linear manner. Some side growth also takes place from the main chain. For example High density polymers.

III. Crossed linked polymers-when a bifunctional monomer is mixed in small amount with a trifunctional monomer, a three dimensional network is formed. This 3-D network is called cross linked polymer. For example Bakelite, cross linked rubber etc.

4- Based on Tacticity- Tacticity is defined as the arrangement of side groups along the backbone chain in a polymer molecule. Based on tacticity polymers are of following types-
I. Isotactic polymers- in this type the side groups are arranged or oriented along the same side of the backbone chain. 

II. Syndiotactic polymers- in this type the side groups are oriented in alternate manner along the backbone chain.


III. Atactic polymers- in this type the side groups are oriented in random manner along the backbone chain. 


5- Based on thermal behaviour- According to their behavior on heating, the polymers are divided into two groups- 
I. Thermoplastics- those polymers which soften on heating and become hard and rigid on cooling are called thermoplastic polymers. These polymers can be processed again and again. For example- polyethylene. Polyvinyl chloride etc.
II. Thermosetting polymers-those polymers which change irreversibly into hard and rigid materials on heating and cannot be reshaped again and again are called thermosetting polymers. They form infusible and insoluble mass on heating. For example- phenol-formaldehyde resin, urea formaldehyde resin etc.

6- Based o chemistry of polymerization- there are two types of polymerization processes-

Addition polymerization reactions- addition polymerization reactions are characterized by self addition of the monomer molecules to each other, without the loss of any material. The product is exact multiple of the original monomeric molecule. For example- formation of polyethylene from ethylene monomers.
                                   nCH2=CH2 → (CH2-CH2)n
            Condensation polymerization reactions- these reactions are also called step- growth polymerization reactions. This type of polymerization reactions are brought about by the monomers containing two or more functional groups with the elimination of small molecules, like water HCL etc.
                               HOOC-(CH2)4-COOH       +      H2N-(CH2)6-NH2         →         HOOC- (CH2)4-CO-NH-(CH2)6NH-
                              Adipic acid                              hexamethylenediamine                          Nylom-6, 6




                                          
