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Carbon is a very versatile material. Synthesized in various forms, characterization is fundamental 
for relating properties to performance in sundry applications. Two well-known methods are TEM 
and XPS.  TEM as an instrument offers both microscopy and spectroscopy. It is best associated 
with bright-field imaging. To render this structural information quantitative, image analysis 
algorithms have been developed and vetted against traditional techniques for measures of La by 
Raman spectroscopy and Lc by X-ray diffraction. Applications of the image analysis algorithms 
include understanding the formation of carbon and its reaction potential.  
 
Two-dimensional curvature in carbon lamellae stems directly from cyclopentadiene (C5) and 
related species. GC-MS measurements of species have shown this while kinetic models provide 
support for this inference. Here analysis algorithms are applied to TEM for archeological 
purpose – to identify species contributing to the carbon formation. Conversely quantitative TEM 
can differentiate the nanostructure of varied model carbon materials to create structure-property 
relations between nanostructure and oxidative reactivity. It can also be applied sequentially to 
understand reaction mode and concurrent structural changes due to radiation.  
 
XPS is a spectroscopic technique with capability for elemental composition and bonding state. 
Elemental analysis is useful for characterizing emissions, engine deposits and carbon aerosols. 
By providing the sp2/sp3 bonding ratio, XPS can follow the degree of carbonization as in biochar 
formation, track graphitization or monitor surface functionalization of carbons such as graphene 
oxide. TEM and XPS will be shown as complementary techniques by examples. 
 
As a different diagnostic, pulsed laser heating (PLH) is a thermal processing technique using a 
high intensity pulsed laser light to heat materials to very elevated temperatures. We have applied 
it to composite carbons used as heat shield material, pyrolysis carbons and the carbon allotropes 
in nanoscale form. As an optical technique, PLH can heat these materials uniformly. Interest in 
these carbons arises from using PLH as a characterization technique to understand their 
formation by derivitization of structure. The suite of TEM tools documents the structure of 
graphitic nano-onions while XPS details their bonding character. Selected highlights will be 
presented as time permits. 
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