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Solution properties of polymers

• Properties of ideal polymer chain
• Thermodynamics of mixing  (binary systems containing  polymers) 
• Osmotic pressure  
• Interactions in dilute solutions
• Properties of real polymer chain  
• Viscosity
• Light scattering



Properties of ideal polymer chain

Thermal motion of molecules:  translation
rotation
intramolecular rotation
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Freely jointed chain
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Flory’s characteristic ratio C∞



Equivalent freely jointed chain
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Equality of the mean-square end-to-end distance
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Freely rotating chain
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Relation between radius of gyration and end-to-end di stance
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Distribution of end-to-end vectors

Model  random walk
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Three-dimensional distribution function
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Normalized one-dimensional Gaussian probability dis tribution 
function for occupaying position x after random N steps from origin
x=0



Free energy of an ideal chain
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Normalized distribution function of end-to-end dist ances for an 
ideal linear chain



Helmholtz free energy of the streched chain
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Dependence on temperature and number of segments



Polymer solutions
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Thermodynamics of mixing

Flory’s lattice model
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The mixing free energy of an ideal mixture is 
always favourable (negative) and all composition 
are stable. The bottom curve is a regular solution 
with NA = NB = 1. The middle curve is a polymer 
solution with NA = 10 and NB = 1. The top curve is 
a polymer blend with NA = NB = 10.



Energy of mixing
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Flory’s interaction parameter χ

(((( )))) (((( ))))







−−−−++++−−−−−−−−++++====∆∆∆∆−−−−∆∆∆∆====∆∆∆∆ φφφφχφχφχφχφφφφφφφφφφφφφφφφφ

11ln
1

ln
BA

mixmixmix NN
kTSTUF



Temperature dependence of χχχχ
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Osmotic pressure
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Definition of osmotic pressure
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Concentration dependence of reduced osmotic pressures  
of a poly(methyl methacrylate) in various solvents 
at 20°C (1). X – m-xylene is ΘΘΘΘ solvent ( A2 = 0), 1,4-dioxane D 
leads to a positive second virial coefficient A2 > 0 (good 
solvent), and chloroform C furnishes both second and third 
virial coefficients. The common intercept at c2 → 0 equals 1/M n

Good solvent A 2 > 0; θθθθ solvent A2 = 0; bad solvent A 2 < 0



Dependence of reduced osmotic pressures, ( ΠΠΠΠM/cRT), on 
normalized overlap concentration c/c* (c* from viscosity) for 
polystyrenes PS in the ΘΘΘΘ-solvent cyclohexane at 34 °C and 
poly( α-methylstyrene)s PAMS in the good solvent toluene
at 25 °C(2). The osmotic overlap concentration is at cΠΠΠΠ* = cv*.



Properties of a real polymer chain in a good solvent

Swelling of polymer coil due to osmotic pressure
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Equilibrium state
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Expansion coefficient
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Viscosity

Increase of solution viscosity caused by polymer diss olved
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Definition of the intrinsic viscosity



Relation between intrinsic viscosity and critical ove rlap concentrtion
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Huggins equation

Kraemer equation
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Determination of the intrinsic viscisity for polymeth ylmetacrylate  
in benzene at 25 °C. 1 - Huggins plot  2 - Kraemer plot  that extrapolate 
to the intrinsic viscosity at zero concentration.  

Dependence of intrinsic viscosity on molar mass [[[[ ]]]] aKM====ηηηη



Light scattering

Intensity of light scattered by one small particle
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Role of concentrations fluctuations
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Light scattering by large particles



Phase shift
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The presentation is based on the book Polymer physics
by M. Rubinstein and R.H. Colby, Oxford University Pres s Inc.,
New York, 2003

1)  G.V.Schulz, H. Doll, Ber. Deutch. Chem. Ges. 80 , (1947), 232
2) P. Štěpánek, K. Perzynski, M. Delsanti, M. Adam, 

Macromolecules 17 , (1984), 2340 
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