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POLYMER SCIENCE

Understanding and quantitative description of the thermal, rheological, mechanical, and
interfacial properties of polymers, their solutions and their blends, based on the chemical
constitution and architecture of macromolecular chains.

o INTRODUCTION: Reminder of basic structural features and properties of polymers.
Chemical constitution and architecture of macromolecules. Homogeneous, phase
separated and nanostructured polymeric materials. Semicrystalline polymers, polymer
solutions and melts, glassy polymers. Molecular weight distributions.

e CONFORMATIONS OF POLYMER CHAINS: Statistical description of
conformations. Simple models for linear polymer chains experiencing local interactions
along their backbones: freely jointed chain, freely rotating chain. Wormlike (Porod-
Kratky) chain. Elements of the Rotational Isomeric State model. Quantities
characteristic of the spatial extent of a chain: end-to-end distance and its distribution,
radius of gyration. Quantities characteristic of the conformational stiffness of a chain:
characteristic ratio, Kuhn segment length, persistence length. Excluded volume effect.
Swelling of chains in good solvents. Theta conditions.

¢ THERMODYNAMICS OF POLYMER SOLUTIONS: Flory-Huggins theory:
Conditions for validity, calculation of the entropy of mixing, enthalpy of mixing. The
chi interaction parameter. Osmotic pressure of polymer solutions. Phase behavior of
polymer solutions. Binodal and spinodal curves, critical point. Predictions of phase
diagram based on Flory-Huggins theory. Equations of state for polymer solutions and
melts.

o DILUTE POLYMER SOLUTION DYNAMICS: Friction coefficient and viscosity.
Intrinsic viscosity and its calculation based on the Einstein equation. Mark-Houwink
equation and its use in the determination of molecular weights. Size exclusion
chromatography. Universal calibration.

e POLYMER NETWORKS: Types of networks and their topological characteristics.
Thermodynamics of elastic deformation. Entropic and energetic contribution to the
elastic response. Ideal elastomers. Statistical mechanical theory of the elastic response.
Derivation of the stress-elongation relation for uniaxial tension/compression of an
elastomeric network. Affine and phantom network models. Mooney-Rivlin equation.
Swelling of polymer networks in solvents. Gels and their applications.

e VISCOELASTICITY OF POLYMER MELTS AND SOLUTIONS: Linear
viscoelastic properties: Viscosity, stress relaxation modulus, compliance. Storage and
loss moduli. Complex elastic modulus and complex viscosity. Boltzmann superpaosition
principle. Rouse model for unentangled polymer melts. Zimm model for dilute polymer

solutions. Entanglements and their consequences for rheological properties. Reptation
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model and its predictions for the dependence of rheological properties on molecular
weight.

o GLASSY POLYMERS AND THE GLASS TRANSITION: Phenomenology of the
glass transition. Kauzmann temperature. Experimental determination of the glass
temperature. Free volume theories. Williams-Landel-Ferry (WLF) equation and time-
temperature superposition principle. Mechanical properties of glassy polymers.
Plasticization.

LABORATORY EXERCISES OFFERED:
e Calculation of unperturbed dimensions of polymer chains with Monte Carlo
simulation.
o Viscometry of dilute polymer solutions
e Mechanical properties of elastomers, glassy polymers, and semicrystalline polymers:
dependence on temperature.
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The evaluation of students’ performance will be based:

e on a final written examination (FE), which will include solution of quantitative
problems with open books and other aids.

e on an evaluation of performance in the laboratory exercises. The laboratory grade, L,
is calculated as an average of the grades given in each laboratory exercise. The grade
in each laboratory exercise is based on the written report submitted by the student and
on the degree of preparation and participation of the student during the execution of
the laboratory exercise.

The final grade for the class is calculated as follows: Final Grade = (FE)*0.6 + (L)*0.4




