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Introduction

Trends in the Carboxylate ModeTricarballylic acid, pH 2.2 (blue) and pH 7 (red)

Carboxylate anion absorption 
frequencies affected by:

    Electron donating / withdrawing 
    functional groups

    Inter / intramolecular H-bonding

Effects are most apparent in the 
asymmetric carboxylate mode (νas)
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Natural organic matter (NOM) is a key chemical component of terrestrial 
and marine systems. It is known to play an important role in metal 
speciation and transport, nutrient retention, and mineral weathering. [1, 2]  
Much of its chemical activity results from a high concentration of carboxyl 
groups, which often dominate the acidity and metal binding capacity of 
NOM.

The chemical behavior (acidity, binding affinity) of a carboxyl group is 
dependent on its "structural environment" (the types and positions of 
neighboring functional groups on the molecule). However, this information 
is unavailable for NOM constituents since their chemical structures are 
largely unknown, making it difficult for researchers to predict the behavior 
of NOM in the environment.
	
It has been shown that the infrared spectra of simple organic acids 
change predictably depending on the structural environment of the 
carboxyl group (see below) [3,4,5]. We propose that this information can 
be used to predict what types of structures exist in NOM, allowing us to 
determine "local" structures in NOM molecules without the need for a 
complete structural description.

Results

Infrared spectra were collected on humic 
and fulvic acids from the International 
Humic Substances Society (left), and a 
pristine leaf leachate sample obtained from 
the Pine Barrens, NJ (not shown). 
Carboxylate features were identified from a 
comparison of spectra at varying pH. 
Accurate peak positions and widths were 
obtained through deconvolution.

It can be seen that carboxyl groups 
dominate the infrared spectra, due to their 
high concentration and polarity. Surprisingly, 
the νas energy occurs at nearly the same 
place in all samples, regardless of origin / 
climate and solubility fraction.

Carboxylate νas values for the NOM ranged 
between 1574-1582 cm-1, (dark gray bar; 
light gray "error" bars describe 
heterogeneity, inferred through peak width 
comparisons). Based on comparison with 
model compounds, dominant structural 
types in NOM appear to be aliphatic , with 
substitution on the neighboring C. Other 
structural types (aromatic acids and 
unsubstituted aliphatics) are also present in 
small concentrations, based on spectral 
changes off of the main νas peak.

Based on elemental abundance, these 
substitutions are mostly in the form of 
oxygen functional groups, including 
hydroxyls, ether linkages, and neighboring 
carboxyl groups.

These results will potentially have a large impact on the way studies of 
NOM chemistry are approached theoretically and experimentally. 
Traditionally, it was believed that aromatic carboxylic acid structures 
dominate in NOM, and many people still use simple aromatic acids 
(salicylate, phthalate) as NOM analogues when studying metal and 
mineral surface interactions.

Neighboring groups can affect metal binding in 2 ways:

     Electron withdrawal / donation through bonds,
     affecting carboxylate chemistry
     Direct participation in binding the metal (or "chelation")

Due to the high metal affinity of NOM, chelate type reactions were known 
to play a role, but the structures involved were unknown.

Comparison of Metal Binding Constants:

Many different structures are involved in metal binding, but O-substituted 
aliphatic carboxylates likely contribute to intermediate NOM binding 
constants.

This work is being done under the guidance of Prof. Satish Myneni, 
Department of Geosciences, Princeton University

For more information on what we do, please visit our website:
http://geoweb.princeton.edu/research/geochemistry

Aromatic:   1.7 - 3.2
Aliphatic:   1.7 - 1.9
Substituted aliphatic:   2.4 - 2.5
Di-acids:   Up to 5

NOM:   2 - 7

Log K, where K =

M = metal, L = ligand

(data from 9-13)
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