Michael B. Hay

Princeton University, Princeton, New Jersey

2004 EPA STAR Graduate Fellowship Conference Next Generation Scientists—Next Opportunities )

Probing Carboxyl "Structural Environments” in Natural Organics Using Infrared Spectroscopy

Introduction

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.

Approach
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Results
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Compounds in bold exhibit particularly good overlap!
(Data from 4-8)

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:

[ML] Aromatic: 1.7 - 3.2
Log K, where K= —y Aliphatic: 1.7 - 1.9
| Substituted aliphatic: 2.4 - 2.5
M = metal, L = ligand Di-acids: Up to 5
(data from 9-13) NOM: 2-7

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