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Chapter 10. Thermal Analysis & Microscopy of Polymers

10.1 Thermal analysis of polymers

* Summary of different thermal methods available
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* Differential scanning calorimetry (DSC)

~ measures calorimetric properties

* Differential thermal analysis (DTA)

~ measures         betw/ sample and referenceT∆

Schematic representation of DSC (left) and DTA (right),

where S and R denote sample and reference, respectively.
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• DSC thermogram of an undercooled, semicrystalline polymer

endothermal

area under
endothermal peak
= melting enthalpy

area under exothermal peak
= crystallization enthalpy
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• DSC thermogram of an immiscible mixture of SAN & PB (ABS)

T∆ of SAN

of PBT∆
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* Thermogravimetry (TG) or thermogravimetric analysis (TGA)

~   is carried out in thermobalance permitting the continuous measurement of 
sample wt. as a ft’n of temperature/time.

Components: recording balance, furnace, furnace T controller & computer
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• Schematic TG trace for a filled polymer

Finely ground samples  ~  preferred 

(      reduce a delay in mass loss due to diffusion obstacles)Q
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* Dilatometry/Thermal mechanical analysis (TMA)
~ measure V, linear thermal expansion coefficient & modulus as a ft’n of T

Schematic presentation of TMA



Polymer Physics Chapter 10

10.2 Microscopy of polymers

Microscopy: a group of experimental methods which permit magnification of
morphological structures   

• Optical microscopy (OM)

• Scanning electron microscopy (SEM)

• Transmission electron microscopy (TEM)

• Infrared microscopy

• Ultraviolet microscopy

• Atomic force microscopy (AFM)

• Acoustic microscopy
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• Structural information from microscopy and scattering pattern

TEM ~ observes crystal lamellae directly

SAXS ~ requires the use of a model
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* Optical microscopy (OM)
~ maximum magnification is about 2000X.

Bright-field microscopy & Dark-field microscopy

Resolution (d) :

: the wavelength of the light

: the numerical aperture of the objective and the condenser

defined as                   : half the acceptance angle

High resolution is obtained with high numerical aperture & short wavelength of light.

• Related techniques

: polarized microscopy, phase-contrast microscopy, differential interference-contrast microscopy
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* Electron microscopy (SEM & TEM)



Polymer Physics Chapter 10

• Resolution of electron microscope ~  depends on the voltage applied

The wavelength of the accelerated electrons:                 (de Broglie eq’n)

where h: Planck’s constant, m: the mass of an electron, and v: the velocity of the electron

For an electron with charge e subjected to a voltage U, the following expression holds:

Insertion of the above eq’n into the de Broglie eq’n: 

The highest resolution (d) of the electron microscope is due to the short wavelength of electrons:

where     : half the angular aperture and       : the spherical aberration coefficient

ex)  Resolution of a 100kV TEM : d=0.5nm.

=0.0037nm,     =0.006 rad, and      =1.6mm
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• Contrast is obtained by staining or by etching followed by replication
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Ex) OsO4 ~  able to stain polydienes
used on ABS, HIPS, SBS copolymers, rubber-containing plastics and PET

Atoms of higher elements  ~  achieve different electron density
Better contrast can be obtained.



Polymer Physics Chapter 10



Polymer Physics Chapter 10


