Understanding the Role of Black Carbon in Environmental Surface Processes

Black carbon, which encompasses soot, charcoal and products of incomplete
combustion, contributes significantly to the aromatic fraction of natural organic
matter (NOM). Our current efforts focus on determining the bulk, molecular-level,
and surface properties of black carbon, such that pollutant interactions can be
understood on a fundamental level. A wide variety of natural samples have been
collected which include soils, sediments, coals, and naturally charred plant and wood
material. These samples were subjected to a new technique for black carbon
isolation involving chemical oxidation (by sodium hypochlorite) followed by
spectroscopic characterization using solid-state 13C NMR and FT-ICR (Fourier
Transform lon Cyclotron Resonance) mass spectrometry. The results indicate that
this chemical oxidation method is excellent for removing, solubilizing and eliminating
aromatic constituents found in natural organic matter (e.g., lignin and other plant-
derived_aromatic constitutents). By B Elack catbon :
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estimates is of great significance to current global carbon assessments and cycling.

We have also examined several humic materials, which are thought to have a high
black carbon contents, by electrospray ionization mass spectrometry using both a
Quadrupole Time of Flight mass spectrometer and a Fourier Transform lon Cyclotron
Resonance mass spectrometer (FT-ICR MS). The FT-ICR mass spectrum of the
diluvial humic acid (extracted from a volcanic soil in Japan) contains almost
exclusively peaks at or slightly above the nominal mass (Figure 2). Such a
distribution of peaks is representative of condensed aromatic ring systems that are
highly carboxylated. Highly carboxylated aromatic compounds have a low mass
defect due to their abundance of oxygen and deficiency of hydrogen. Upon closer
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Figure 3: Fused aromatic structures identifted by FT-ICR-M5  masses, and KMD
analysis. An example of the structures found is displayed in Figure 3. The structures
identified to date are consistent with those that would be found in a soil rich in black
carbon-like material. On-going research will include the analysis of several more
humic acids such that distinct structures within the black carbon consortium can be
identified. To our knowledge this represents the first direct and unambiguous
evidence for the existence of condensed fused aromatic ring systems in humic acids.
The existence of these structures derived undoubtedly from black carbon indicates
that black carbon in soil is likely to be much more mobile than previously thought,
especially considering that humic acids are known to be mobilized in soil processes.

Studies into the nature, formation and surface properties of black carbon are also
continuing. Black carbon production from soil precursors (cellulose and lignin) and
well characterized starting materials
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resemble graphitic carbon. Solid-state 13C NMR spectra of the pyrolyzed cellulose at
low temperatures show the formation of black carbon as low as 350°C, along with
intact cellulose. Future work includes using lignin as a precursor material for the
pyrolysis since it is an aromatic material, in contrast to the non-aromatic cellulose.
Shortly, the synthetic charcoal and the natural organic matter samples will be used
in pollutant sorption studies with the intent of linking chemical and surface
characteristics to the sorptive behavior of pollutants.
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