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Poly=many, Mer = unit, manyunits

Polymerscienceis a new branchof scienceit

deals with chemistry physics and

mechanicalpropertiesof macromolecules.

Another common name for many synthetic

polymer is plasticwhich comesfrom greek

word óóplastikosôô, suitable for molding or

shaping



È Low density

È Low coefficient of friction

È Good corrosion resistance

È Excellent surface finish can be obtained

È Economical

È Poor tensile strength

È Poor temperature resistance

È Can be produced transparent or in different 
colours.



È Chain length - in general,the longerthechainsthe
strongerthepolymer;

È Side groups - polar side groups give stronger
attraction between polymer chains, making the
polymerstronger;

È Branching - straight,unbranchedchainscan pack
togethermoreclosely thanhighly branchedchains,
giving polymers that are more crystalline and
thereforestronger;

È Cross-linking - if polymer chains are linked
togetherextensivelyby covalentbonds,thepolymer
is harderandmoredifficult to melt.



ÁCLASSIFICATION based on SOURCE

ÁCLASSIFICATION based on STRUCTURE

ÁCLASSIFICATION based on POLYMERISATION

ÁCLASSIFICATION based on MOLECULER 

FORCE



Natural polymers:- The definition of a natural polymer is a 

polymer that results from only raw materials that are found in nature. 

Example:- Proteins, Starch, Rubber. 

Cellulose

Semi-synthesis polymers:- Cellulose derivatives -

Cellulose acetate (Rayon).

Synthesis polymers:- Buna-S, Buna-R, Nylon, Polythene, 

Polyester.



Linear polymers:- consist of long and straight chains.  

Polyvinylcloride

Branched chain polymers:- contain linear chains having some 

branches, e.g., low density polymer.

Cross linked chain polymers:- formed from bi-functional and tri-

functional monomers and contain strong covalent bondse.g. bakelite, 

melamine.



1. Addition polymers: formed by the repeated addition of 
monomer molecules possessing double or triple bonds

n(CH2=CH2)                                    -(CH2 -CH2 )-

Ethylene                                          polyethylene



2. Condensation polymers: formed by repeated 
condensation reaction between two different bi-
functional or tri-functional monomeric units. 

eg. terylene (dacron), nylon 6, 6, nylon 6.



1. Bio-degradable

× Natural biodegradable polymer: Examples 
proteins, starch, cellulose, chitosan .



Synthetic biodegradable polymer : Examples: 
Polyamide(polypeptides)

Polyesters(Polyglycolide)

Synthetic biodegradable polymer are preferred more than the 
natural biodegradable polymer because they are free of 
immunogenicity & their physicochemical properties are more 
predictable &reproducible

2. Non Bio-degradable



È Low or negligible toxicity of degradation 
products

È Readily & Abundantly Available

È Comparatively Inexpensive

È Non toxic product

È Modified to get semi synthetic forms

È Drug delivery compatibility

È Approval for medical and pharmaceutical 
applications use in humans by FDA.



È Stabilization of drug

È Localized delivery of drug

È Sustained delivery of drug

È Decrease in dosing frequency

È Reduce side effects

È Improved patient compliance

È Controllable degradation rate



È Laboratory synthesis

È Biological synthesis

Å Laboratory synthesis: The method is divided into 

two categories, condensation polymerization and 

addition polymerization. Such reactions may be 

carried out with or without a catalyst.

Å Biological synthesis: in living cells the 

polypeptides may be synthesized by enzyme 

mediated processes such as formation of DNA 

catalyzed by DNA Polymerase.



Commercially important polymers are generally 

synthesized by chemical modification of naturally 

occurring polymers, for example the formation of 

nitrocellulose by the reaction of nitric acid and 

cellulose. 



È Polymerdegradationis a changein the propertiesïtensile

strength,colour, shape,etc of a polymeror polymerbased

productunder the influenceof one or more environmental

factorssuchasheat,light or chemicals.

È The term 'biodegradation'is limited to the descriptionof

chemicalprocesses(chemicalchangesthat alter either the

molecularweightor solubility of thepolymer)



È Polyesters

È Poly glycolic acid

È Polylacticacid

È Polydioxanone

È Polycarpolactone

È Polyamides eg, polyaminoacids

È Phosphorus based polymers eg, polyphosphazenes

È Polysaccharides based polymer eg, cyclodextrins, 

chitosan.



HO--[---(CñR1----C)n1-----O-----(C---R2---C-)n2--]n3---
OH

GENERAL STRUCTURE

ü Two carboxylic groups at each end

ü High Degradation rate

ü Degrade by Surface Erosion

ü Aromatic P.Aõs are slower degrading

ü Copolymerisation can control degradation rate

ü Biological tests in Rabbits proved them Non-
mutagenic

APPLICATIONS : 1) PEPTIDES FOR OSTEOMYLITES

2) PROTIENS FOR BRAIN TUMOUR



È It consists of B-1-4 linked 2 amino-2-deoxy gluco -

pyranosemoieties

ü Commercially manufactured by 

N-deacetylationof Chitin which 

is obtained from Molluscshells

ü It is soluble only in acidic pH 

ü Thereby it readily adheres to bio membranes.

ü It is degraded mainly by Glycosidases& lysozymes.

ADVANTAGES :

Free availability, Biocompatibility, Biodegradability

Bioadhesive, unique properties.



È Starchis a wellïknown hydrocolloid biopolymer.

It is a low costpolysaccharide,abundantlyavailable

andoneof thecheapestbiodegradablepolymers.

È Starchis producedby agriculturalplantsin theform

of granules,which arehydrophilic. Starchis mainly

extractedfrom potatoes,corn,wheatandrice.



È It is composed of amylose (poly-Ŭ-1,4-D-

glucopyranoside),a linear and crystalline polymer

andamylopectin(poly-Ŭ-1,4-Dglucopyranosideand

Ŭ-1,6-D-glucopyranoside), a branched and

amorphouspolymer.

È Starch has different proportions of amylose and

amylopectinranging from about 10ï20% amylase

and80ï90% amylopectindependingon thesource



È Poly-caprolactoneis a relatively cheapcyclic monomer. A semi-
crystalline linear polymer is obtained from ring-opening
polymerizationof caprolactonein presenceof tin octoatecatalyst.

È PCL is soluble in a wide rangeof solvents. Its glass transition
temperatureis low, around-60 °C, andits meltingpoint is 60ï65
°C. Enzymesandfungi easilybiodegradePCL.

È To improve the degradationrate,severalcopolymerswith lactide
or glycolide havebeenprepared. PCL is commerciallyavailable
under the trade namesCAPA® (from Solvay, Belgium), Tone®
(from Union Carbide,USA) or Celgreen®(from Daicel, Japan)
and many others. Possibleapplicationsin packaginghave been
investigated.



1.    Phisico-Chemical properties   

2.    Thermal properties

3.    Mechanical properties

4.     Morphology

5.     Spectral properties



Molecular weight and molecular weight distribution :

È Molecular weight and molecular weight distribution 

A knowledge of molecular weight and molecular 

weight distribution is important because there is a 

definite relationship between polymer molecular 

weight and polymer properties. 

È At very low molecular weight polymer has low 

mechanical properties. Solubility of polymer 

decreases with increase in molecular weight



È Glass transition temperature At low temperatures all 
amorphous polymers exist in a glassy state, and while in 
glassy state polymers are characterized by their hardness, 
stiffness and brittleness. 

È As the temperature is raised, polymers undergo a transition, 
known as glass transition temperature Tg, where they change 
from glass to a rubbery elastomer (or) flexible plastic. In 
designing a controlled release formulation, it must be known 
whether the polymer is above or below the glass transition 
temperature. 

È The polymers above Tg are favorablefor controlled release 
formulations because Due to the formation of polymer chains 
Due to formation of strong intermolecular interaction and 
there by controll release of drugs



È CrystallinityPolymers that have a regular structure 

are able to achieve a regular packing of chains and 

crystallize Crystallization results in regular packing 

of molecules or ions into a three-dimensional lattice. 

È Enhancement of crystallinity results in decrease in 

polymer permeability Crystalline regions are 

essentially impermeable to water, so the rate of 

polymer hydrolysis in crystalline regions is 

significantly reduced



È Additives analysis 

È Volatile organic compounds and odors 

È Residual monomers 

È Identification and quantitation of formulation 

components 

È Water content 

Ç Identification and determination of structural 

polymer design (branding, copolymer, composition, 

functionality and end capping) 



È complex chemical structure of polymers 

È polymeric material typically consists of a 

distribution of molecular sizes and sometimes also 

of shapes 

È Chromatographic methods like size exclusion 

chromatography often in combination with Low-

angle laser light scattering (LALLS) 

È Viscometrycan be used to determine the molecular 

weight distribution as well as the degree of long 

chain branching of a polymer



THREE MAIN THERMAL ANALYTICAL TECHNIQUES

× THERMOGRAVIMETRY (TG). 

× DIFFERENTIAL SCANNINGCALORIMETRY (DSC ).

× DYNAMIC MECHANICAL ANALYSIS (DMA)


