MULTIDIMENSIONAL ORDER OF MACROMOLECULES





Molecular 





	Composition


	Regioselectivity of monomer insertion


			head to head vs head to tail


			1,2 vs 1,4 addition


	Stereochemistry of substituent placement


			tacticity


			chirality


	Molecular weight and molecular weight 	distribution	


	Regularity of chain structure


		linear, branched or crosslinked





Microscopic (Intermolecular Interactions)





		crystallinity


		phase separations - microdomains


		chain ordering - liquid crystalline





	Controlled by Intermolecular forces


		Dispersion (Van der Waals) interaction


		Dipolar association


		Hydrogen bonding


		Ionic bonding


		Covalent bonding


�Macroscopic Properties (Physical Behavior)





	Tensile and/or Compressive Strength





	Elasticity  





	Toughness





	Thermal Stability





	Flammability and Flame Resistance





	Degradability





	Solvent Resistance





	Permeability





	Ductility  (Melt Flow)





	Surface Texture - - Morphology





Electrical and Optical Properties��Factors Controlling Morphology





Molecular Structure


(Monomer units, microstructures, molecular weight)





Conformation of�Single chain





Molecular Interactions





			








Rubberlike�Elasticity














Crystallite Formation





Glass Formation














% Crystallinity











Mechanical and Thermal Properties





Morphology




















FACTORS REQUIRED TO PROMOTE CRYSTALLIZATION





Thermodynamic





1.  Symmetrical chains which allow regular close packing in crystallite





2.  Functional groups which encourage strong intermolecular attraction to stabilize ordered alignment.





Kinetic





1. Sufficient mobility to allow chain disentanglement and ultimate alignment





Optimum range for mobility





TM  -10(  (  Tg  + 30(


at TM  segmental motion too high





at Tg  viscosity too high





2. Concentration of nuclei





	concentration of nucleating agents





	thermal history of sample





�GLASS TRANSITION, Tg





Definition:  The onset of seqmental motion of seqments with 				40-50 carbons atoms





Physical Change   Expansion of volume    


	Free volume required to allow segmental motion





Properties Affected


	Specific Volume / Density





	Specific Heat, Cp





	Refractive Index


	


	Modulus





	Dielectric Constant





	Permeability





Tg is an approximation





	Depends upon measurement technique





	Depends upon molecular weight


		Polystyrene MW = 4000		Tg = 40(C


					      = 300,000	      = 100(





�FACTORS INFLUENCING Tg





Tg is proportional to Rotational Freedom





For symmetrical polymers  	Tg, / Tm in (K ( 1/2


	unsymmetical polymers				  ( 2/3


1. Chain flexibility





Silicone ( Ether ( Hydrocarbon ( Cyclic HC ( Aromatics





2. Steric Bulk of Substituents


�


Tg = -120(C		    5(C		  -24(C		  -50(C


Long side chains may act as plasticizers (C ( 6)


		�


Tg = 	  -55(C			     88(C





�


Tg =  5(C		   100(C		     150(C


�3. Molecular Symmetry





	Asymmetry increases chain stiffness. 











4. Polar Interactions increase Tg





	Hydrogen bonding











5. Molecular Weight up to Critical Limit











6. Crosslinking 





	Reduces Segment Mobility





	


