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Abstract
Highly oriented aragonite tablets have been found in the nacre layers of molluscan shell (or mother
of pearl). In this article, we show that highly organized aragonite rods can be prepared over a broad
range of pH values (1.5 to 6.9) and in the absence of any bio- or organic macromolecules. The organized rods were characterized by XRD, FTIR, FESEM, TEM, SAED, and EDX techniques. FESEM
results reveal that the mesoscale aragonite rods are not only assembled with aragonite microrods
end-to-end, and side-to-side, but are also partially fused to one another, forming flat, faceted surfaces,
i.e., mesocrystal structure. TEM and SAED analyses confirm that the organized rods have the same
crystallographic symmetry as single-crystal aragonite, and thus the self-assembly process is energetically favorable. Similar assembly processes also occur for the mineral strontianite of the aragonite
group, revealing the occurrence of a general self-assembly process. The driving force controlling the
self-assembly process may originate from the inherent anisotropic dipole-dipole interactions between
the assembled units. Such dipole interaction may generally occur in biomineralization of nacre layers
in molluscan shell, and orchestrate aragonite nanocrystals in an aragonite tablet to coherently orient
and array. Furthermore, the dipole-dipole interactions may also contribute to the co-orientation of
the aragonite tablets in the same nacreous column. Therefore, our experimental results may provide
insight into biomineralization mechanisms. It appears that biological genetic and crystallochemical
factors may synergistically operate in biomineralization.
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Introduction
Classical models describing crystal growth suggest atomby-atom addition to an existing nucleus or template or via
dissolution of unstable phases (metastable polymorphs or small
particles) and reprecipitation of the more stable phase, i.e.,
Ostwald’s rule of stages or ripening. However, an increasing
plethora of experimental work and natural observations have
revealed that additional particle aggregation-based coarsening
mechanisms can operate in certain nanostructured materials and
biogenic minerals. This growth process was first highlighted by
Banfield’s group, and called “oriented attachment” (Penn et al.
1998a, 1998b; Penn and Banfield 1999; Banfield et al. 2000).
They found that anatase and iron oxyhydroxide nanoparticles
with sizes of a few nanometers can coalesce together by sharing a single-crystallographic orientation under hydrothermal or
biomineralized conditions. In the crystal aggregates, the crystallattice planes may be almost perfectly aligned along contact
areas between adjacent particles, leading to single crystals, or
partial dislocations and defect structures may form in the bulk
crystals. Subsequent experiments further supported the oriented
attachment process in crystal growth and hierarchically nanostructured self-assembly (e.g., Pacholski et al. 2002; Tang et al.
2002, 2006; Yang and Zeng 2004; Cho et al. 2004; Nassif et al.
2005). Many outstanding examples of the oriented attachment
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have been recently reviewed by Zeng (2007).
During self-assembly, the driving force for primary nanoparticles to attach in an oriented fashion is believed to be via
Brownian motion, electric dipole-dipole interaction or by
other physical and energetic means. Moreover, self-assembly of
ligand-stabilized nanoparticles with sizes of a few nanometers
into one-, two-, and three-dimensional (3D) ordered arrays have
been reported (e.g., Collior et al. 1998; Li et al. 1999; Bush et
al. 1999; Cölfen and Mann 2003 and references therein). These
are defined as mesocrystals by Cölfen and Antonietti (2005)
and Niederberger and Cölfen (2006), i.e., a superstructure that
consists of nano- or micrometer-sized nonspherical building
units, exhibiting defined external crystal faces but built from
well-aligned 3D crystals. The majority of self-assemblies are
driven mainly by the interactions of the organic ligands rather
than by the interaction of the particle cores (Collior et al. 1998;
Li et al. 1999). In addition, dipole fields were also suggested to be
responsible for the formation of mesocrystals (Bush et al. 1999;
Wang et al. 2005). Even in the absence of any organic additives,
various mesocrystal structures can also be formed, as summarized
by Cölfen and Antonietti (2005). Compared with the classical
model of growth of a single crystal via atom/molecule addition,
oriented attachment and mesocrystals describe the spontaneous self-organization of adjacent particles, so that they share a
common crystallographic orientation (Niederberger and Cölfen
2006). By fusion of the building units in a mesocrystal, single
crystals with complex morphologies as well as superstructures

