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Abstract:
Asphalt is a very complex mixture containing polyaromatic hydrocarbons bearing long chain aliphatics
and few functional groups including phenols, carboxylic acids, amines, and sulfides. Vanadium, nickel,
and iron are also found in trace amounts. When asphalt is used in pavement it is exposed to
environmental weathering which changes it chemically and hence, physically, causing it to harden.
This hardening makes the asphalt more susceptible to cracking and has been thought to be caused
mainly by the increase of polar interactions between asphalt molecules. This increase would be due to
the production of additional polar functional groups by air oxidation which is a free-radical process
called autoxidation. For this reason, it is important to be able to easily identify functional groups in
asphalt and to determine how they are affected by weathering. Examination of functional groups before
and after asphalt pavement weathering has been accomplished by NMR spectroscopy. Phenols have
been derivitized using a novel method involving specific phenol methylation using sodium hydride and
13C enriched methyl iodide, NaH13 CH3I, in a one-step process. The methylated phenols have then
been quantified using the Inverse Gated NMR experiment. Benzylic carbons are thought to be prime
positions for the free-radical air oxidation forming benzylic ketones. The changes in these positions,
upon both laboratory and actual road aging, have been relatively quantified using the 2D Inverse
COLOC NMR experiment. It has been found that benzylic protons decrease in actual road aged
asphalts. However, in laboratory aged asphalts, this is not neccessarily the case. In fact, benzylic
protons sometimes increase upon laboratory aging. FT-IR spectroscopy has also confirmed the
formation of carbonyl groups upon weathering which supports the benzylic carbon free-radical air
oxidation theory. It has also been found that certain additives such as Mn02 tend to oxidize the
benzylic carbons in neat, unweathered asphalt. Fingerprinting and mass identification of smaller
molecules in asphalt has been accomplished through Gel Permeation Chromatograpy (GPC)
Fractionation along with Laser Desorption Time-of- Flight Mass Spectrometry (LD TOF MS).
Individual asphalts can be distinguished from the GPC fractions of the smaller molecules by
recognizing that each asphalt gives a specific peak pattern in its LD mass spectrum. In addition,
complete base line resolution of the LD mass spectra of the these lower molecular size GPC fractions
has allowed identification of possible core molecules in asphalt that are alkyl substituted to varying
degrees. 
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