Polymer Analysis

Low-Angle Laser Light Scattering

Polymers
special characteristics

Molecular weight distribution

Often more than one polymer
Homo-polymers

Copolymers from two or more monomers
“Blends” of Polymers

Additives

Fillers

Limited solubility

Particle sizes




Polymers
techniques used

Composition determined by NMR, IR, MS, X-
Ray, SEC(Size exclusion chrom.), GPC(gel perm.)

Pyrolysis techniques for insoluble Polymers
(controlled degradation)

Differential Scanning calorimetry (DSC)

Thermogravimetric Analysis (TGA}léss transition
temperature, melting point, degree of crystallinity, oxigagtability)

Dynamic mechanical methodspact, tensile, creep,
elongation)

Polymers

Molecular Weight Determinations — Size Exclusion
Chromatography

Determination of Mol. Weight Distribution
Establishing MWD — Properties relationship
Quality control

Purification (separation from monomers,
catalysts..)

Characterization of Copolymers, blends
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Polymer SEC

In SEC no adsorption allowed, separation
only by size.

Polymers contain more or less broad
Molecular weight distribution.

SEC columns need to be adjusted to
analysis of specific polymer.

More in chromatography chapter.




Polymers
Particle Size Measurements

Sedimentation

Electrical conductance

Ultrasonic spectrometry

Phase Doppler Anemometry

Light obscuration particle size experiment
Fraunhofer diffraction

Hydrodynamic chromatography

Polymers

Light obscuration particle size experiment

When a single
particle is in the
measurement
volume, amount
of scattered light
is proportional
projected cross-
sectional area of
particle




Polymers
Light obscuration particle size experiment

* Polymers suspended; low concentrations

icle size distribution of a blend of uniform polystyrene standards.

Blend of Duke Scientific standards
140-, 397-, 650-um polystyrene spheres

75 892 1063 1261 1498 1783 211.0 2518 2992 3557 423 5027 6976 7105 8445
Diameter (um)

Polymers
Pyrolysis Measurements

e Polymer rapidly heated in oxygen free atm.

* “Products” are analyzed with Gas-
Chromatography and compared to
Standards.

* “Finger-printing”.




Polymers
Pyrolysis Measurements

Polymers
Thermal Analysis

Glass transitions; melting points
Degradation temperature
Linear and volumetric expansion
Degree of Crystallization

For all measurements temperature and heat
transfer is monitored (calorimeter).




Polymers
Low-Angle Laser Light Scattering

Light scattering occurs when polarizable
particles are placed in the oscillating
electrical field of a beam of light

The varying electrical field induces dipoles,
which radiate light in all directions

Principal phenomenon: “Why is the sky
blue?”

Polymers
Static Light Scattering

Time average of the intensity is measured as
a function of scattering angle.

Allows to determine the weight average of
polymers V,, z-average of Radius of
gyration < R>,, and osmotic pressure.

No reference to a standard needed to
determine molar mass and size information!




Polymers
Static Light Scattering

* Rayleigh:

Polymers
Static Light Scattering

e For vertically polarized light:
 solvents also have scattering intensity

e Calibration with liquids needed; for any
solvent:




Polymers
Static Light Scattering

* Einstein’s Fluctuation Theory leads to:

Polymers
Static Light Scattering

Two contributions:
A) density fluctuation
B) concentration fluctuation

In diluted solutions assumption: density
fluctuation of solution and solvent are
identical:




Polymers
Static Light Scattering

e Change of chemical potential:

-series development of osmotic pressure
leads to:

Polymers
Static Light Scattering

e Plug equations into each other: relation
betweenl/R( ), massM and concentration
c. In addition optical constant K related to
refractive index (dn/dc).
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Polymers
Static Light Scattering

Last equation only true for small particles
Polymers typically large particles ¥20
Interference of light possible

Weakening of intensity of scattered light

At =0 no influence from interference,
however, measurement not possible primary
beam intensity too large. extrapolation.

Polymers
Static Light Scattering

e |ntroduction of form factor, after
mathematical treatment

Molar mass is a mass average and the mean squaee o
radius of gyration is a z-average.
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Polymers
Static Light Scattering

e Form factor as a function of scattering
angle:

Polymers
Static Light Scattering

* Plotting KJR( ) versus sif( /2) + k'c
e Extrapolation forc 0Oandg O
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Polymers
Static Light Scattering

Comparison of experimental function with
theoretical prediction or direct fitting leads
to form factor and its dimension

Zimm equation
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