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Biomineralization of matter in human body has been of a great interest for the biological, medical and
materials scientists for many years. The motivation for this type of work remained to be mostly the
similar, specifically, after the fully understanding of the biomineralization routes for these minerals, it
has been aimed that 1) These minerals could be synthesized in vitro and 2) The cures to the diseases
related with these minerals could be developed. Several different minerals with regard to the
investigation of biomineralization routes have been studied during the past few decades, for instance,
ferritins [1], hydroxyapatite [2], and magnetite [3]. The major challenges for the investigation of these
biomineralization processes remained two fold, either not simulating the native environment of these
minerals forming or not using the instruments with proper atomic resolution imaging and
characterization capabilities. To that end, our approach for the investigation of biomineralization
involves the utilization of the Graphene Liquid Cell (GLC) in Cs corrected Scanning Transmission
Electron Microscope (STEM) at 80kV. Encapsulating the liquid media in GLC will help to obtain high
resolution in both TEM and STEM imaging [4]. With the help of spatially resolved Electron Energy
Loss Spectroscopy (EELS) and High Resolution Transmission Electron Microscopy (HRTEM) images,
the chemistry of the mineral and structure changes will be visualized, respectively. The advantage of
using GLC instead of cryogenic and in situ liquid cell imaging is that, the imaging will be dynamic and
due to less sample thickness, analytical TEM studies will be easier, respectively. In this work, we carried
out hydroxyapatite biomineralization experiments in GLC so as to have a deep understanding of this
biomineralization process. The procedure to encapsulate liquid media and biological structures is as
described in Shokuhfar ef al. [5]. The chemical information from these minerals with regard to Ca L, 3, P
L3 and O K edge changes with respect to the total electron dose will be reported via the spatially
resolved EELS in HAADF-STEM mode. The formation of this mineral is seen in the inset of Figure 1.
The EEL spectrum from the same particle verifies the formation of the calcium phosphate mineral with
the presence of the fingerprints of Ca L edge, in conjunction to the C K edge from the graphene layer

[6].
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Figure 1. Spatially resolved EELS from a calcium phosphate particle showing Ca L edge from the
mineral and C K edge from the graphene. Inset: Reference HAADF STEM image showing the calcium

oxide mineral formed.
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