
American Mineralogist, Volume 87, pages 780–783, 2002

0003-004X/02/0506–780$05.00      780

INTRODUCTION

One important application of atomic force microscopy
(AFM) in mineralogy has been to quantify dimensions of dis-
tinct faces on finely divided crystallites or nanoparticles and
relate these to chemical reactivity measured by other techniques
such as sorption isotherms, reaction rate experiments, or
EXAFS spectroscopy (e.g., Nagy 1994; Brady et al. 1996; Nagy
et al. 1999; Sutheimer et al. 1999; Schlegel et al. 1999; Manceau
et al. 2000). Such measurements are significant when the types
and abundance of surface functional groups on faces of a single
grain vary widely. Phyllosilicate surfaces offer a prime example
of this phenomenon because of the extreme anisotropy of their
crystal structures, in which the dominant basal (001) surfaces
are generally characterized by siloxane or hydroxyl groups that
are charge-satisfied (except where isomorphous substitution has
occurred), and particle edges are dominated by charge-unsatis-
fied broken bonds. Kaolinite is a common phyllosilicate clay
mineral that is a component of many industrial products, can
control porosity and permeability of sedimentary rocks, and
can sorb contaminants and nutrients in soils. Uncertainty over
the magnitude of the ratio of edge surface area (ESA) to total
surface area (TSA) has in part led to significantly differing
conclusions about the relative reactivity of kaolinite edge and
basal surfaces (e.g., Zhou and Gunter 1992; Brady et al. 1996;
Ma and Eggleton 1999).

AFM images should be routinely useful for vertical mea-
surements at the angstrom-scale and lateral measurements at
the nanoscale. However, many researchers have pointed out
that tip-sample convolution can result in errors in quantifying
crystallite dimensions (e.g., Blum 1994; Maurice 1996). De-
spite recognition of this imaging artifact, such corrections are
rarely, if ever, applied. For example, Dias et al. (1997) calcu-
lated the surface area of approximately spherical MnZn ferrite
particles using AFM to measure the “average diameter” (10–
40 nm). The surface areas were 17–22% lower than those ob-
tained by BET (Brunauer et al. 1938) and the difference was
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ABSTRACT

Rapid and accurate determination of the surface area of three kaolinite clay standards, taking into
account the complex microtopography of the particles, was achieved using atomic force microscopy
images and computerized image analysis. All surface areas were determined to within 3%. Edge
surface area is 18.2–30.0% of the total surface area depending on the particular kaolinite standard.
Specific surface areas agree to within 4% of published values determined by the BET method. The
approach can be applied to clay and nanoparticle samples too small in quantity for BET analysis,
since it requires ~11 orders of magnitude less material.

attributed to tip-sample convolution. Also, a rigorous approach
for selecting the number of particles needed for accurate quan-
titative analysis of a bulk sample has not yet been determined.

We report a method of obtaining and processing AFM im-
ages that allows rapid accurate measurement of the edge (ESA),
total (TSA), and specific surface (SSA) areas for three kaolin-
ite standards. Tip/sample artifacts are quantitatively considered,
and the number of particles necessary for statistically signifi-
cant quantitative measurements is determined. Measuring the
SSA of a clay or other powder sample based on AFM imaging
of a small number of particles should prove valuable, espe-
cially in cases where small sample size precludes applying the
BET method. For example, atmospheric dust, microbiological
mineral products, or synthetic nanocrystals could be charac-
terized in this way.

MATERIALS AND METHODS

Standards KGa-1, KGa-1b, and KGa-2 were obtained from
the Source Clays Repository of the Clay Minerals Society. KGa-
1 and KGa-1b are low-defect kaolinites from Washington
County, Georgia, and KGa-2 is a high-defect kaolinite from
Warren County, Georgia. Data on these clay standards can be
found in van Olphen and Fripiat (1979) and Costanzo and
Guggenheim (2001).

The key to obtaining a statistically valid sampling of par-
ticles is to disperse the clay well on the substrate. Dispersion
was achieved by mixing a drop of 0.2 M NaOH into 3 mL deion-
ized water, and adding ~0.1–0.2 mg kaolinite. A substrate of
freshly cleaved muscovite was attached to a steel sample disk
and heated on a hotplate while dispersing the suspension ultra-
sonically for 2 minutes. A drop of suspension was placed onto
the heated disk and flash-boiled immediately after ultra-
sonification. This procedure separated particles typically by
several micrometers.

A Digital Instruments Multimode AFM was operated in tap-
ping mode using etched silicon probes. Height images were
used for dimensional analysis, while amplitude images were
used to verify the sharpness and accuracy of the height images.
Areas of 100–400 mm2 were imaged randomly, and each par-
ticle in that area was imaged individually at higher resolution.


