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INTRODUCTION

The control of size, shape, and assembly of crystalline ma-
terials is a hallmark of biomineralization processes (Baeuerlein
2000). Most prominent examples are abalone shells (Schäffer
et al. 1997), bone (Weiner et al. 1999), enamel (Fincham et al.
1999), eggshells (Fink et al. 1992), and the exoskeleton of dia-
toms (Kröger and Sumper 1998; Fischer et al. 1999), where
minerals such as the CaCO3 polymorphs calcite and aragonite,
apatite, and SiO2 are deposited in unique microstructures.

In multicellular organisms, biomineralization predominantly
takes place in extracellular protein- or protein-polysaccharide
networks, which are assembled in a supramolecular reaction
environment (Mann 1996). Even though much work has been
done on the role of these matrices in the formation of enamel,
bone (Lowenstam and Weiner 1989; Traub et al. 1989) and
nacre, many general aspects of size and shape control of min-
eralization in biological networks are not yet fully understood
and are thus the subject of current research activities (Busch et
al. 1999; Falini et al. 2000).

Artificial hydrogel networks, e.g., silica or poly-acrylamide,
have been widely used for crystal growth experiments (Henisch
1988). For some systems a fundamental understanding of the
complex interrelationship between factors such as connectiv-
ity of pores, local supersaturation, change of supersaturation
and resulting crystal morphology have been established (Putnis
et al. 1995). For some biomineralization products, however,
crystal growth does not seem to follow generally accepted
mechanisms. Calcite spines of adult sea urchin for example,
show a non-crystallographic surface texture, deviating from the
appearance of CaCO3 grown in inorganic media (Mann 2001).

In this paper, we describe the growth of CaCO3 within a
poly-acrylamide hydrogel network by a counterdiffusion ar-
rangement. The inorganic material is mineralized in an orga-
nized pseudo-octahedral assembly of rhombohedral crystallites
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ABSTRACT

Calcite aggregates are mineralized in an organic poly-acrylamide hydrogel using a counter diffu-
sion arrangement. The particles obtained show a characteristic pseudo-octahedral morphology, which
is unexpected for calcite crystals. Scanning and transmission electron microscopy reveal a micro-
structure composed of individual highly aligned calcite crystallites. Although the aggregates consist
of independent crystallites, the X-ray diffraction patterns suggest calcite single crystals. By analogy
with some biominerals, the inorganic assembly is intergrown with an organic hydrogel network. A
specific model is proposed for growth of the aggregate.

forming a distorted single crystal. The organic matrix is par-
tially incorporated into the oriented growing macrocrystal.
Since the oriented assembly of crystalline subunits within a
macromolecular matrix is a key feature of biomineralization,
the study of this artificial mineralization may prove useful for
a deeper understanding of biomineralization processes.

EXPERIMENTAL PROCEDURE

Synthesis of hydrogels

All chemicals except acrylamide (Fluka) were purchased
from Aldrich and were used without any further purification.
Demineralized water (conductivity 0.055 mS) was used as po-
lymerization solvent. Poly-acrylamide hydrogels were prepared
from acrylamide (AAm) and N,N'-methylenebis-acrylamide in
a molar ratio of 29:1. The total monomer concentration of the
aqueous polymerization solution was fixed at 1.4 M, corre-
sponding to an overall polymer content of approximately 10
mass% within the hydrogels. The radical polymerization was
initiated by ammonium-peroxodisulfate (APoxS) and
N,N,N',N'-tetramethylethylene-diamine (TMEDA). The con-
centrations of APoxS and TMEDA were set to 1.8 and 10.1
mM respectively. After addition of the initiator, the solution
was kept at 45 ∞C for one hour to ensure homogeneous poly-
merization. Gelation occurred within 6–8 minutes. The as-syn-
thesized hydrogels were stored at ambient temperature for 48
hours to achieve complete polymerization. After aging, the
hydrogels were extracted for four days in a 0.05 M solution of
tris(hydroxymethyl)-aminomethane, which was adjusted with
a 2 M solution of HCl to a pH of 8.35 (Tris-HCl). This ensured
that components not covalently linked to the network were re-
moved and that the pH of the pore solution was 8.35, as con-
firmed by pH measurement with an inserted pH electrode.

Crystallization experiments

Mineralization experiments are conducted in a double dif-
fusion arrangement. Hydrogels with a diameter of 25 mm and




