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INTRODUCTION

Several infrared studies were conducted in the past on Fe
reduction in nontronite and Fe-bearing smectites (Roth et al.
1969; Roth and Tullock 1973; Rozenson and Heller-Kallai 1976a,
1976b; Stucki and Roth 1976, 1977; Russell et al. 1979; Komadel
et al. 1995; Yan and Stucki 1999, 2000; Manceau et al. 2000b).
Their objectives were primarily focused on one of the following
research fields: (1) the extent of Fe reduction determined using
different reducing reagents, including sodium dithionite, sodium
sulfide, anhydrous hydrazine, and aqueous hydrazine; (2) the
extent and ease of Fe reduction determined using different kinds
of minerals; and (3) the mechanisms involved in the processes
of Fe reduction and reoxidation.

Rozenson and Heller-Kallai (1976a, 1976b) concluded that
Fe in smectite having both Al and Fe in the octahedral sheet was
more easily reduced than Fe in nontronite having Fe as the domi-
nant cation. Russell et al. (1979) suggested that Fe in the tetrahe-
dral sheets was more easily reduced than Fe in the octahedral
sheet. Rozenson and Heller-Kallai (1976a, 1976b) proposed that
the loss of hydroxyl during reduction occurred through protona-
tion of a single hydroxyl group. Stucki and Roth (1977), how-
ever, hypothesized that simultaneous loss of two hydroxyls
occurred during reduction and each Fe remaining in the reduced
nontronite became fivefold coordinated. Reoxidation restored
the lost hydroxyls. The isotope tritium (3H) was used as a tracer

for the measurement of structural OH groups during the redox
process and tended to support this hypothesis (Lear and Stucki
1985), but Manceau et al. (2000b) found that structural Fe in
reduced nontronite remains sixfold coordinated.

A thorough review of the previous studies revealed several
inadequacies in the experiments and conclusions. For example,
Rozenson and Heller-Kallai (1976a, 1976b) and Russell et al.
(1979) used no buffer in their reduction medium. When sodium
dithionite is dissolved in H2O, the pH drops and causes some
dissolution of the clay. So, results showing structural changes
reported in those studies may have been confounded by the acid
dissolution. Controlling the pH at near neutral or slightly basic
minimizes or eliminates this problem.

Furthermore, the reduced samples were often left unprotected
from reoxidation (Roth et al. 1969; Roth and Tullock 1973;
Rozenson and Heller-Kallai 1976a, 1976b; Russell et al. 1979).
The fact is reoxidation readily occurs after reduction if no pro-
tection from O2 is provided. Stucki and co-workers observed
that the reduced Na-smectite suspensions are still prone to
reoxidation even with very good protection (Stucki, unpublished
results).

Another limitation in the previous studies was that the level
of reduction was usually less than 50% of the total Fe. Hydra-
zine can only reduce Fe-rich smectite up to about 10% (Rozenson
and Heller-Kallai 1976a, 1976b; Stucki et al. 1996). So, the
results obtained using hydrazine are limited. Actually, other in-
organic reducing agents are similarly limited, except sodium
dithionite (Stucki et al. 1996).
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ABSTRACT

The effects of Fe oxidation state on the infrared (IR) spectra of dioctahedral smectite were studied
using a purified and Na+-saturated fraction of the Garfield nontronite reference clay. The nontronite was
first reduced with sodium dithionite for a period of 10 to 240 min to obtain various Fe reduction levels.
The reduced samples were then reoxidized by bubbling O2 through the suspensions for 8 to12 h. IR
spectra were collected on the initially unaltered, the reduced, and the reduced-reoxidized samples. After
reduction, changes were observed in the spectral regions of O-H stretching, O-H deformation, and Si-
O stretching, indicating that the clay structure was significantly modified beyond merely a change in Fe
oxidation state. Furthermore, a new component band in the O-H stretching region of the reduced
samples exhibited a pleochroic effect, indicating the possible existence of trioctahedral domains. A
large (up to 43 cm–1) downward shift of the main Si-O stretching band of the reduced samples was also
observed. Such a large shift indicates that the change in Fe oxidation state in the octahedral sheet
strongly affects the structural properties of the tetrahedral sheet, which might further affect physical
and chemical properties of the mineral surface. The spectral differences across all three studied regions
between unaltered and reoxidized samples after up to 240 min of reduction indicated that the redox
process involving sodium dithionite is in some respects irreversible, even though virtually all structural
Fe2+ can be reoxidized.




