31*European Crystallographic Meeting * Oviedo, Spain 22-27 August

Crystallization of biomimetic calcite
aggregates in hydrogel systems

Lurdes Fernandez-Diaz', Erika Griesshaber?, Xiaofei Yin?, Fitriana

Nindiyasari®, Martina Greiner?, Florian Weitzel?, Andreas Ziegler®,
Wolfgang Schmah?

1. Department of Mineralogy and Petrology, Complutense University
of Madrid (UCM) & IGEO (ICMM, CSIC), Madrid, Spain

2. Department fiir Geo- und Umweltwissenschaften, Ludwig-
Maximilians-Universitdt, Munich, Germany

3. NRG, Le Petten, Netherlands (Holland, Europe

4. Central Facility for Electron Microscopy, University of Ulm, Ulm,
Germany

email: Ifdiaz@geo.ucm.es

The formation of biological hard tissues takes place in hy-
drous gelatinous environments rich in polysaccharides, pro-
teins and glycoproteins. These organic components are ar-
ranged in compliant three-dimensional matrices that direct
the crystallization of the mineral component, within which
they become occluded as porous membranes and networks
of fibrils. The composite nature of biological hard tissues
together to their distinct hierarchical architecture provide
them with enhanced mechanical properties that are high-
ly desirable in man-made materials. Designing successful
routes to produce high-performance bio-inspired organ-
ic-inorganic composites relies on our understanding of the
parameters that control the occlusion of organic matrices
within growing crystals and the effect that this occlusion has
on the micro-structuring of the mineral. Artificial hydrogels
that have traditionally been used as crystallization platforms
to produce large crystals of sparingly soluble phases share
numerous features with the organic matrices found in hard
tissues. Interestingly, these hydrogels also become occluded
within crystals during growth. The way of gel occlusion is
distinct and relates to characteristics that are specific of the
type of hydrogel, like the nature of the interactions that hold
its matrix together and its porosity.' Gel occlusion is further
modulated by physicochemical conditions in the system,
which determine supersaturation and growth rate, and their
evolution.? Here an overview of the morphological and mi-
crostructural characteristics, as uncovered by Field Emis-
sion Gun Scanning Electron Microscopy (FEGSEM) and
Electron Backscattered Diffraction (EBSD), of gel-calcite
composites grown in a variety of gels (silica, gelatin, agar,
agarose, and gelatin-agarose mixtures) is presented. Differ-
ences in amount and organization of occluded gel polymer-
ic matrices within the composites are discussed taking into
consideration the gel mechanical response to crystallization
pressure. Finally, a correlation between the characteristics
of occluded gel distribution and microstructural features of
the composites is stablished.
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Heterogeneous nucleation and growth of calcium phos-
phates (hereafter CaP) on polymer substrates is of great
relevance for the preparation of bioactive scaffolds for
non-load bearing applications in bone tissue engineering.'
In the last years we have developed a new synthetic route
to precipitate biomimetic apatite (Ap) nanoparticles, which
has been employed to deposit CaP films on mica muscovite
sheets.? The precipitation process, based on the vapour dif-
fusion sitting drop micro-method, is performed in a closed
two—chamber environmental micro-reactor called crystalli-
zation mushroom.? The deposition of CaP is here driven by
diffusion of both CO, and NH, (generated in situ by decom-
position of NH,HCO,) through microdroplets containing
Ca’" and HPO,* ions, where substrates are dipped.

In this research?, preliminary precipitation experiments have
been carried out using as model supports flat lamellae of dif-
ferent commercial polymers such as OSTEMER, SU-8 and
PDMS and the polymer-ceramic composites ORMOCORE™
and ORMOCLAD™, all of them allowing 2D and 3D mi-
crofabrication techniques. Optimal reagent concentrations of
the 40 uL aqueous droplets inside the mushroom were 50mM
Ca(CH,COO), + 30mM (NH,),HPO, (Ca/P=5/3) whereas
3 mL of a 40mM NH,HCO, solution were put in the cham-
ber acting as reservoir. Under these conditions, and after 7
days of vapour diffusion, the deposited CaP films presented
a composition of apatite plus octacalcium phosphate (OCP)
in some of them, and different thicknesses, as confirmed by
SEM, XRD and Raman spectroscopy.

In a second step, several prototypes of 3D printed scaffolds of
cubic shape and ~1 mm long, have been CAD-designed and
prepared by the direct laser writing (DLW) technique using an
IP-L 780 photoresist. These scaffolds are endowed of uniaxial
and interconnected porosity with a controlled pore size within
the range 25 um-100 pm. The CaP nucleation experiments,
using these specimens as supports, were carried out using the
same biomimetic route under similar reagent concentrations as
determined before, and time of about 30 days. Prior to min-
eralization the scaffolds were dipped in a 0.1 M HNO,, then
they were rinsed with deionized water and the intraporous air
removed by means of a vacuum pump. The results show the
full mineralization of the scaffolds, both externally and inter-
nally inside the pores, coating the full available surface area. It
is concluded that combining the 3D DLW technique with this
biomimetic route is a promising methodology to prepare hy-
brid bioactive mineralized porous scaffolds for some valuable
ad-hoc applications in bone tissue engineering.
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