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Early chemists describe the first dirt molecule.







Simulating NOM Synthesis
Probabilistic Reaction Kinetics

For first or pseudo-first order reaction
P=Kk" t
P = probability that a molecule will react
with a short time interval t
k’ = first or pseudo-first order rate constant
units of time™!

Based on individual molecules






Pseudo-Molecule

Elemental Calculated Location

Functional Chemic.al Origin
Structural Propertl.es. State
Composition and Reactivity




Physical: Chemical:

Temperature
Light Intensity
Duration

Biological:
Bacterial Density
Oxidase Activity
Protease Activity

Decarboxylase Activity







Set Environmental Specify Starting
Parameters Molecules

Set time = 0 and calculate initial
reaction probabilities (all molecules)

For each molecule, test:
Does a reaction occur?

When all molecules tested: Transform molecule

Calculate and store l
aggregate properties .
(at specific times) _ Calculate new properties

and reaction probabilities
L m Increment time step.
Simulation complete?

DONE
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Oxic soil incubation
of small natural products

increases M, by 4X, acidity 2X, O content 30%
decreases aromaticity 57% W 11%
oxidations enable consumption, condensation
Final composition similar to fulvic acid:

54% C, 41% O, 5% H

Mn = 612 amu, Mw = 1374 amu

Eq. Wt. =247 amu, 11% ‘aromaticity’
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Low O, soil incubation
of small natural products

increases M, by 4X, H content 25%
decreases aromaticity 57% W 37%

Final composition more reduced, higher UV ,,
less charged (soluble) than fulvic acid:

67% C, 26% O, 7% H
Mn = 612 amu, Mw = 1374 amu
Eq. Wt. = 1075 amu, 37% ‘aromaticity’
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C=C Oxidations
C-OH Oxidation
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Surface water degradation of biopolymers

Decreases M_ by 6X, aromatic C by 3X
Increases acidity 3X, O content 100%

Final composition similar to “hydrophilic’ NOM:
45% C, 48% O, 5% H, 1.8% N
Mn = 902 amu, Mw = 1337 amu
Eq. Wt. = 772 amu, 15% ‘aromaticity’



Stochastic synthesis

*Produces heterogeneous mixtures of
‘legal’ molecular structures

*Bulk composition (elemental %, acidity,
aromaticity, MW) similar to NOM

*Both condensation and lysis pathways
of NOM evolution are viable












