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Halogenated synthetic compounds are widespread
contaminants of the environment. Although corrinoids re-
ductively dehalogenate synthetic contaminants in solution,
the redox behavior of sorbed tetrapyrroles has received limited
attention. Colloidal clay suspensions were prepared as
Ca2+ forms of hectorite (SHCa-1), montmorillonite (SWy-1, Syn-
1, and SAz-1), and vermiculite (VTx-1) and spin coated
on platinum electrodes. Cyclic voltammetry was performed
with the clay-modified electrodes immersed in buffered
solutions containing 1.0 mM aquocobalamin. Aquocobalamin
in the presence of vermiculite-coated electrodes displayed
the same cathodic and anodic peak potentials as
unmodified electrodes immersed in aquocobalamin solutions.
All other clay-modified electrodes shifted cathodic peaks
to more negative values, while anodic peak shifts varied
with the clay. Hectorite caused the largest shift in formal
redox potential (-104 mV) as compared to aquocobalamin
in solution. The redox behavior of aquocobalamin as
modified by sorption to clay minerals potentially affects
dehalogenation rates of synthetic organic compounds in the
environment. Clays lowering the formal redox potential
of the tetrapyrrole create a potentially more efficient catalyst
for pollutant degradation. However, thermodynamic data
as obtained using cyclic voltammetry cannot be used to
make definitive predictions about the kinetics of con-
taminant dehalogenation. Reductive dehalogenation will
be a function of altered eletrochemical properties of the
tetrapyrrole as well as rates of contaminant diffusion to the
site of tetrapyrrole sorption.

Introduction
Halogenated synthetic organic compounds are widespread
contaminants in air, surface waters, groundwaters, and soils
as a result of their use in a diversity of products (1-3).
Although transformations of halogenated hydrocarbons
occur (4-6), halogen substituents render them relatively
resistant to degradation. Dehalogenation in anaerobic
environments (7) results in compounds more susceptible to
oxidative degradation. The participation of living microor-
ganisms in these reactions is well established; however,
abiotic catalysis of reductive transformations also occurs.
Very little is known concerning the actual reductants except
that a large proportion of the reducing equivalents is
associated with the solid phase (8). It has been suggested
that direct reduction of an organic contaminant by a reduced

sulfur or iron component is too slow to account for observed
kinetics and that electron carriers mediate electron transfer
(9). Tetrapyrroles such as Fe-containing hematin, Ni-
containing coenzyme F430, and Co-containing vitamin B12

have been proposed as potential electron-transfer mediators
in natural environments (9, 10).

A variety of metal-substituted porphyrins, thought to be
derived from chlorophylls and hemes, have been identified
in geological samples and sediments (11). Although por-
phyrins metalated with Ni and V are dominant tetrapyrroles
in sediments (12), Cu, Fe, and free base porphyrins have also
been identified in sedimentary deposits (13-16). It has also
been suggested that tetrapyrroles of bacterial origin such as
vitamin B12 and coenzyme F430, although not yet identified,
may also occur (11).

Extracellular tetrapyrroles potentially available for par-
ticipation in reductive dehalogenation are likely associated
with solid surfaces (i.e., minerals and organic matter). Zoro
et al. (17) demonstrated dehalogenation of DDT by a heme
in sewage sludge. More recently Ukrainczyk et al. (18) showed
CCl4 dechlorination in the presence of a cationic porphyrin
exchanged on a variety of mineral surfaces. However, redox
activity of the sorbed tetrapyrrole varies with the mineral
and the mechanism responsible for sorption (18-21).

Extrapolation of studies conducted with tetrapyrroles in
aqueous solution thus may not accurately represent catalytic
activities of the same tetrapyrroles when associated with
colloids in soils, sediments, or groundwaters. It is well
established that corrins such as aquocobalamin (Figure 1)
promote the reductive dehalogenation of a wide variety of
compounds in homogeneous solutions (22, 23). We recently
demonstrated that aquocobalamin remains redox active
when in association with hectorite, a Li-substituted 2:1 type
clay mineral (24). Sorbed aquocobalamin is therefore a
potential electron transfer mediator of reductive dehaloge-
nation in soils and sediments. However, sorption may alter
the formal redox potential of the central metal of the
tetrapyrrole, thus modifying its electron transfer character-
istics and ultimately its ability to catalyze reductive deha-
logenation.

Electron transfer in redox active systems can be directly
determined using cyclic voltammetry. The introduction of
clay-modified electrodes by Ghosh and Bard (25) has created
an opportunity to study changes in redox behavior of
molecules sorbed on mineral surfaces. Electrodes modified
by forming films of inorganic microcrystalline structured
materials (clays, zeolites, or related aluminosilicates) on a
conductive surface have been used to study the redox
behavior of many different sorbed organic molecules (26).
Colloidal clays have attracted considerable attention because
of their appreciable surface area and unusual intercalation
properties. Clays are employed in many commercial pro-
cesses and are important as catalysts or catalyst supports
(27). The immobilization of complex catalysts in clay
structures is an area of growing interest since clay colloids
have been found to influence the specificity of catalysis (28).

Sorption to the surface of clay may significantly alter the
redox activity of particular molecules. Previous studies
indicate that adsorbed complexes remain electroactive when
adsorption sites are crystal lattice edges or complexes are
bonded to already adsorbed molecules as ionic paired species.
Intercalated molecules are usually electroinactive; electro-
activity can be reestablished if a charge shuttle is added or
in some cases when interlayer swelling is increased by
pillaring (26, 29, 30).
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Our objective was to determine changes in the redox
behavior of tetrapyrroles when sorbed to various clay
minerals. We focused our efforts on aquocobalamin, a
microbially produced corrin substituted with a ligand
expected in natural systems. We have concentrated on the
Co(III)/Co(II) redox couple since aquocobalamin functions
as an electron-transfer mediator of reductive dehalogenation
in the Co(II) state (22, 31, 32), and this is a more likely redox
transformation of aquocobalamin in anaerobic environments
than complete reduction to Co(I). Cathodic and anodic peaks
obtained using clay-modified electrodes and cyclic volta-
mmetry allow the calculation of formal redox potentials for
aquocobalamin sorbed to mineral surfaces. Redox potentials
of sorbed aquocobalamin reflect the impact of sorption on
the electrochemical properties of the central metal of the
corrin and, thus ultimately, catalysis of reductive dehalo-
genation. This work has relevance to both the prediction of
intrinsic contaminant modification as might occur in con-
taminated anaerobic environments or the use of immobilized
tetrapyrroles for in situ remediation.

Materials and Methods
Chemicals and Clay Minerals. All chemicals were analytical
grade reagents and used without further purification. Aquo-
cobalamin was purchased from Fluka (Fluka Chemie AG,
Buchs, Switzerland). Colloidal platinum was prepared by
refluxing PtCl2 (Aldrich, Milwaukee, WI) in a water-ethanol
mixture containing 3% poly(vinyl alcohol) (average molecular
mass of 50 000) (Aldrich, Milwaukee, WI) (33).

Clay minerals were obtained from the Source Clay
Minerals Repository (University of Missouri, Columbia, MO).
Colloidal clay suspensions of barasym SSM-100 (Syn-1,
synthetic mica-montmorillonite), hectorite (SHCa-1), Na-
montmorillonite (SWy-1), Ca-montmorillonite (SAz-1), and
vermiculite (VTx-1) were prepared by pretreating to remove
carbonates, saturating with Ca2+, and size-fractionating using
a method similar to that previously reported (24). Clays (50
g) were dispersed in 500 mL of water by sonication and
mechanical stirring, carbonates were removed with a 1 M
ammonium acetate-acetic acid buffer (pH 5.0), and the
remaining material was centrifuged at 895g for 1 h. Colloidal
suspensions of the clays were Ca2+ saturated by shaking with
1 M CaCl2 and dialyzed against deionized water until no

reaction with silver nitrate was observed. After freeze-drying,
clays were resuspended in deionized water at a concentration
of 5 g 100 mL-1.

Adsorption Experiments. Solutions of aquocobalamin
with suspensions of each of the clay minerals were equili-
brated for 24 h and repeatedly centrifuged at 1680g for 30-
min intervals until the supernatant was clear. Concentration
of unadsorbed aquocobalamin in the supernatant was
determined by measuring solution absorbance at 365 nm
using an Aminco DW-2a UV/VIS spectrophotometer (com-
puter software and reconditioning by Olis, Bogart, GA).
Sorption isotherms for aquocobal(III)amin were determined
in solutions buffered at pH values of 4.2 using 0.1 M solutions
of acetate. Five different substrate concentrations were used
to determine each of the Langmuir sorption isotherms. We
used general linearized model dummy variable regressions
to determine the uniqueness of sorption as represented by
isotherm slopes.

Cyclic Voltammetry. Due to strong adsorption of co-
balamines on the surface of platinum electrodes, only freshly
cleaned electrodes were used for measuring, and in most
cases only data from the first three potential cycles were
collected. Electrodes were uniformly cleaned following
procedures recommended by the manufacturer (34). Clean-
ing involved mechanical polishing with 15-, 3-, and 1-µm
diamond slurries, washing with acetone and methanol,
polishing with Al2O3, polishing on a nylon pad, cleaning in
an ultrasonic bath, and finally washing with deionized water.

We used two methods of casting the clay film on electrode
surfaces. The first method was similar to the original method
employed by Ghosh and Bard (25). A colloidal clay suspen-
sion (10 µL) was mixed with 20 µL of the colloidal Pt
suspension containing 1% poly(vinyl alcohol) (PVA), and 25
µL of the resulting mixture was applied to the previously
cleaned Pt electrode surface and dried at room temperature.
The clay layer had an estimated thickness of 3 µm. A spin
coating method (26) was also employed to obtain a stable
casting of clay suspensions on Pt electrode surfaces without
the presence of colloidal Pt and PVA. Spin coating involved
inserting a Pt electrode through a hole cut in the bottom of
a centrifuge tube, filling the tube with a clay suspension, and
centrifuging the tube-electrode assembly at 895g for 20 min.
This procedure produced electrodes consistently coated with
clay layers also having an estimated thickness of 3 µm.

Cyclic voltammetry was carried out with a BAS-100B
Electrochemical Workstation (Bioanalytical Systems, West
Lafayette, IN). All electrochemical experiments were per-
formed in an undivided three-electrode cell having a 20-mL
volume. The working electrode was a Pt disk (1.6 mm
diameter, 2.00 mm2 area), the counter electrode was a Pt
wire, and the reference was a saturated Ag/AgCl electrode
(E° ) 0.199 mV). All voltammetric experiments were carried
out in 0.1 M buffer (acetate, pH 4.2; phosphate, pH 6.8; borate,
pH 9.0) solutions, and the concentration of aquocobalamin
in the electrochemical cell was 1.0 mM. The working
electrode was polarized at a rate 1-5 mV s-1. Each value
presented for anodic and cathodic scans represents the mean
of five replications, with each replication representing a cyclic
voltammogram generated using a different freshly polished,
clay-coated electrode.

Results and Discussion
Adsorption Experiments. Sorption isotherms of aquoco-
balamin on the clay minerals were determined since the
extent and type of interaction will influence redox activity
as monitored using cyclic voltammetry. Equilibrium aquo-
cobalamin concentrations were fit with a linearized Langmuir
equation in the form of C/n ) C/b + 1/Kb in which n is moles
solute sorbed per gram of mineral, C is the equilibrium solute
concentration, b is the maximum amount sorbed (monolayer

FIGURE 1. Structure of aquocobalamin.
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coverage), and K is a constant. Estimated maximal adsorbed
amounts of aquocobalamin as determined from the iso-
therms are shown in Table 1. Affinities of oxidized aquocobal-
(III)amin to the clays was greatest for hectorite, montmo-
rillonite SWy-1, and montmorillonite SAz-1. Substantially
less sorption occurred on montmorillonite Syn-1 and ver-
miculite.

The greatest amount of sorption occurred with the three
expandable clays having large internal surface areas. This
is consistent with the observation that aquocobalamin,
cyanocobalamin, and dicyanocobinamide intercalate Ca2+-
saturated hectorite, expanding the basal spacing from 14.5
to 22.1 Å (24). External surface areas for hectorite and the
two montmorillonites, SWy-1 and SAz-1, range from 31 to
92 m2 g-1, whereas total surface areas which include the
interlayer regions range from 486 to 820 m2 g-1 (35). Although
corrin orientation on mineral surfaces was not determined,
an estimate of surface coverage can be made using an average
value for maximum sorption on the three expansible clays
(267 µmol g-1) and planar dimensions of the corrin ring (9
Å) (36). Calculations indicate that an approximate surface
area of 130 m2 g-1 clay was occupied by the corrin. In contrast
to the large surface area clays, vermiculite VTx-1 is only
slightly expandable with an external surface area of 45.9 and
a total surface area of only 91.5 m2 g-1 (37). Similarly,
montmorillonite Syn-1 is only partially expandable in that
it is formed from a random interlayering of nonexpandable
mica-like and expandable montmorillonite-like spacings (38).

Cyclic Voltammetry. We have concentrated our efforts
on the Co(III)/Co(II) redox couple of aquocobalamin, the
most likely redox transformation of aquocobalamin in
anaerobic environments. The first step of aquocobal(III)-
amin reduction is slow due to slow kinetics associated with
displacement of the aquo ligand. Voltammograms therefore
show reversibility of Co(III)/Co(II) electron transfer only when
moderate sweep rates are used. Moreover, cyclic voltam-
metry is complicated by aquocobalamin adsorption to the
electrode surface. For these reasons, it was necessary to
work only with freshly cleaned electrodes and use sweep
rates less than 10 mV s-1.

We observed a difference in the behavior of clay-modified
electrodes prepared by the two methods, air-drying and spin-
coating. Electrodes prepared by air-drying clay suspensions
containing colloidal Pt and PVA directly on the electrode
surface were electrochemically inactive in the presence of
aquocobalamin even after a 30-min presoaking period in
buffer. Electrodes regained electroactivity in the presence
of aquocobalamin usually within 1 h and only after 20-50
potential cycles, but the cathodic peak potential was absent
or poorly developed. Peak currents of air-dried clay-modified
electrodes were much lower than currents observed for
unmodified electrodes in aquocobalamin solutions. In

contrast, aquocobalamin in the presence of spin-coated
electrodes was electroactive with the first scan (Figure 2).
Cathodic and anodic peak currents increased up to 30 min
where they remained relatively constant. Peak currents
observed with spin-coated electrodes were under all experi-
mental conditions lower or comparable with currents
observed for unmodified electrodes in aquocobalamin solu-
tions. Previous investigations indicate that only 10-30% of
the species incorporated into the clay film by immersion in
a solution of the species is electroactive; however, the
electroactive species may concentrate in the clay film and
produce higher peak currents than occur when a bare
electrode is immersed in the same solution (26).

Behavior of air-dried and spin-coated electrodes can be
explained by differences in clay hydration, with drier films
requiring longer soaking times prior to the development of
any electrochemical response (39). This is true although
PVA addition promotes a random organization of clay on
the electrode surface, typically increasing the diffusion
coefficient and reducing the time necessary for appearance
of an electrochemical response from some species (39).
Diffusion of the electrochemically reactive species may be
inhibited in spin-coated electrodes prepared in the absence
of PVA because clay particles are oriented in a parallel fashion
with the electrode surface. However in the present case, the
electrochemical response promoted by the maintenance of
water in the preparation supersedes any diffusional limitation
imposed by clay orientation.

In addition to direct effects of clay modification, the
electrochemical properties of clay-modified electrodes are
affected by numerous experimental parameters. These
include the clay type, method of clay preparation, thickness
of the clay film, concentration of the supporting electrolyte,
and chemical qualities of the electroactive species. An
attempt was made to standardize all these variables, altering
only the type of clay coating the electrode and system pH.
The determination of aquocobalamin redox potentials in the
presence of buffers having pH values of 6.8 and 9.0 was not
possible because of poorly developed cyclic voltammograms.
The peaks were broad and exhibited high variability making
any assessment of changes in the electrochemical behavior
of aquocobalamin unreliable. A number of possible factors
contributed to this observation including increased sorption
of aquocobalamin on the electrode surface and the presence

TABLE 1. Sorption of Aquocobalamin on Clay Mineral
Suspensions Buffered at pH 4.2a

clay
b

(µmol g-1)
K

(mL µmol-1) significanceb

vermiculite (VTx-1) 31.4 4.5 a
montmorillonite (Syn-1) 84.0 288 a
hectorite (SHCa-1) 267 2020 b
montmorillonite (SAz-1) 265 2327 b
montmorillonite (SWy-1) 269 2068 b

a A linearized form of the Langmuir equation (C/n ) C/b + 1/Kb) was
used to estimate maximum sorption (b) and the sorption constant (K).
C is the equilibrium solute concentration (µmol mL-1), and n is the
amount of aquocobalamin sorbed per unit mass of mineral (µmol g-1).
b Different letters within this column indicate that the isotherms are
different (P e 0.05) according to single degree of freedom contrasts on
slopes (1/b) generated from the linearized Langmuir model.

FIGURE 2. Time sequence of cyclic voltammograms determined
after immersion of a clay-modified electrode into a 0.1 M solution
of aquocobalamin.
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of trace contaminants in the system. Also of consequence
is the change in electrochemical behavior of aquocobalamin
with system pH (40). There are two pH regions with constant
electrochemical potentials for the Co(III)/Co(II) couple: a
region below pH -2.4 and a region between pH 2.9 and pH
7.8. In other pH ranges, the formal redox potentials decrease
linearly with rising pH (slope 60 mV pH-1). A lower redox
potential is thus required for Co(III) reduction at pH 9.01 as
compared to those needed at pH values of 4.2 and 6.8.
Potentials necessary for Co(III) reduction at pH 9.0 con-
comitantly result in the reduction of water and a cathodic
peak that interferes with that for the Co(III)/Co(II) couple.

Finally, a pH-mediated change in aquocobalamin sorption
to clays is predicted. Decreased sorption is expected with
increased pH as a result of pH-dependent changes in
aquocobalamin ligation. Aquocobalamin in the Co(III) form
is a six coordinate complex with ligands in both the R (lower)
and â (upper) positions (Figure 1). In this form the molecule
possesses two negative charges, one contributed from
phosphate in the benzimidazol tail and the other from one
of the nitrogens coordinating Co. The overall charge on the
molecule is thus +1. Above pH 7.8, the water molecule in
the â position is converted to OH-, eliminating any net charge
on the molecule (40). Decreased sorption is likely because
of reduced electrostatic attraction of the neutral molecule
for the negatively charged clays. Previous research has shown
substantially greater sorption of positively charged aquo-
cobalamin as compared to neutral cyanocobalamin on Ca2+-
saturated hectorite (24). Since both molecules have similar
molecular dimensions, charge characteristics do indeed
appear to play a role in corrinoid sorption. These quantitative
and associated qualitative changes in aquocobalamin sorp-
tion with increased pH undoubtedly influence electrochemi-
cal behavior of the molecule as determined using cyclic
voltammetry.

Typical cyclic voltammograms for aquocobalamin in
solution and aquocobalamin sorbed to hectorite and mont-
morillonites SWy-1 and Syn-1 are shown in Figure 3 for
systems buffered at pH 4.2. Even when we paid maximal
attention to uniformity of electrode preparation, positions
of cathodic and anodic peak potentials varied from one
electrode to another. The average positions of peak potentials
for aquocobalamin in the presence of each of the clays and
a pH 4.2 buffer are given in Table 2. The calculated formal
redox potential (E°′) of -52 mV (vs SHE) for aquocobalamin
in a pH 6.8 sodium phosphate buffer is in general agreement

with data obtained by others for the Co(III)/Co(II) couple
(40, 41).

Vermiculite-coated electrodes displayed the same ca-
thodic and anodic peak potentials as aquocobalamin solu-
tions. All other clay-modified electrodes shifted cathodic
peaks to more negative values with montmorillonite SAz-1
having the least effect and hectorite having the greatest.
Anodic peak shifts varied with the clay; montmorillonites
SAz-1 and SWy-1 shifting aquocobalamin peak potentials to
more positive potentials, and hectorite and montmorillonite
Syn-1 having the opposite effect. Aquocobalamin in the
presence of hectorite experienced the greatest overall change
in formal redox potential with a shift of -104 mV as compared
to aquocobalamin in solution. Montmorillonite Syn-1 was
the only other clay to cause a negative shift in the formal
redox potential of aquocobalamin.

Shifts in the formal redox potentials of other organic
cations in the presence of clay-modified electrodes have also
been observed (39, 42). Changes in peak potentials depend
on the supporting electrolyte concentration and altered
reaction equilibria induced by the interaction of the redox
active species with the clay film (26). Formal redox potentials
for aquocobalamin were determined at a consistent elec-
trolyte concentration. Altered potentials thus reflect the effect
sorption has on the ability to reduce or oxidize the central
metal of the tetrapyrrole. Negative shifts in cathodic peak
potentials most likely reflect stabilization of the oxidized and
positively charged tetrapyrrole species by interaction with
negatively charged clays. However, the positive charge of
aquocobalamin is located on the cobalt ion in the center of
the ring system and is therefore shielded by several angstroms
of organic structure. In contrast to cationic porphyrins (21),
previous investigations showed no obvious changes in the
FT-IR or UV/VIS spectra of aquocobalamin with its sorption
to hectorite (24). Aquocobalamin interaction with the clays
is therefore facilitated by charge characteristics but cannot
be explained solely by a cation exchange mechanism.
Hydrophilic amide and acid groups of the side chains (Figure
1) participate in hydrogen bonding, thus promoting the
interaction of tetrapyrroles with other molecules such as
proteins (43). The association of organic molecules with
mineral surfaces is often through carbonyl or amine groups.
Lone pair electrons of these groups may be protonated at

FIGURE 3. Cyclic voltammograms of aquocobalamin (0.1 M) on a
bare platinum electrode and clay-modified platinum electrodes in
acetate buffer solutions (pH 4.2) using a scan rate of 5 mV s-1 and
a range from +500 to -500 mV.

TABLE 2. Potentials (mV) Determined for the Cyclic
Voltammetry of Aquocobalamin on Clay-Modified Platinum
Electrodes Immersed in Solutions Buffered at pH 4.2a

clay mineral Ec Ea |Ec - Ea| E°′ shift

none 114 (1.89)a 179 (3.97)c 65 147
vermiculite

(VTx-1)
118 (3.70)a 181 (6.69)c 63 150 3

hectorite
(SHCa-1)

-32 (3.97)e 116 (6.84)e 148 42 -105

montmorillonite
(Syn-1)

52 (6.70)d 146 (7.71)d 94 99 -48

montmorillonite
(SAz-1)

91 (4.13)b 230 (7.60)b 139 161 14

montmorillonite
(SWy-1)

78 (2.50)c 266 (2.50)a 188 172 25

a Ec is the cathodic peak potential, Ea is the anodic peak potential,
|Ec - Ea| is the absolute difference of cathodic and anodic peak potentials,
E°′ is the formal redox potential calculated as an average of Ec and Ea,
and potential shift is the difference of E°′ of aquocobalamin in solution
and E°′ of aquocobalamin in the presence of a clay-modified electrode.
Standard errors of the means for Ec and Ea are included in parentheses.
Potentials were measured against a saturated Ag/AgCl reference
electrode in 1.0 mM solutions of aquocobalamin (0.1 M acetate buffer)
at a scan rate of 5 mV s-1 over a range from +350 to -150 mV. Different
letters within the same column indicate that the mean values presented
differ (P e 0.05) according to the Student-Newman-Keuls multiple
comparison procedure.
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the mineral surface or linked to a water molecule on the
exchange cation (44). It is likely that these groups also play
a role in corrinoid sorption on minerals.

In addition to multiple bonding mechanisms and the
heterogeneity of sorption sites, changes in aquocobalamin
ligation undoubtedly influence cathodic and anodic peak
potentials. Redox potentials for the Co(III)-Co(II)-Co(I)
system are controlled by the electron-donating character of
both the R and â ligands of the aquocobalamin molecule
(40). This may be especially true in the case of anodic scans
based on the fact that aquocobalamin oxidation to the Co-
(III) form requires ligation at both positions. Reaction or
replacement of aquocobalamin ligands with functional
groups on mineral surfaces would alter anodic peak poten-
tials, possibly contributing to the rather broad anodic peaks
and anodic peak shifts among the minerals.

The redox behavior of aquocobalamin is thus differentially
modified with sorption to clay minerals. This is significant
since abiotic catalysis of reductive dehalogenation with
extracellular tetrapyrroles is controlled by the redox active
center of the molecule. Those clays lowering the formal redox
potential of the tetrapyrrole from that observed in aqueous
solution are potentially better reductants and, possibly, more
efficient catalysts of pollutant degradation. From the op-
posite perspective, decreased catalysis is possible because
lower redox potentials are required for Co reduction and the
formation of a species capable of participating in reductive
dehalogenation.

These findings are relevant to both intrinsic rates of
contaminant transformation and potential in situ remedia-
tion strategies. Tetrapyrroles released in the environment
from indigenous microbial populations or exogenous ad-
ditions will be sorbed by colloidal materials such as clays. As
shown here, sorption differentially alters redox activity of
the tetrapyrrole and thus its potential to participate in abiotic
catalysis of reductive dehalogenation. However, overall rates
of reductive dehalogenation will be a function of both altered
eletrochemical properties of the tetrapyrrole as well as
contaminant diffusion to the site of catalysis. Consideration
of diffusional limitations is especially important given the
fact that aquocobalamin occupies interlayer spaces of
expandable 2:1 clays. Assays are therefore necessary to
determine the overall impact of tetrapyrrole sorption on
dehalogenation rates of environmental pollutants.
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