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Working alongside Professor Ortoll-Bloch and my labmate Gabriel Bloom-O’Sullivan for this
summer research project, our goal as inorganic chemists was to gain a clearer understanding of the
crystallization processes of cobalt oxide and its precursors, such as cobalt hydroxide carbonate.
Developing a more robust understanding of the crystallization of cobalt hydroxide carbonate and cobalt
oxide and further investigating the relationship between the synthesis and crystal structure and properties
would have great implications for a broad range of technological applications.1 Cobalt oxide is used in a
wide variety of scientific and industrial processes, such as for clean energy conversion and storage,2

pigments and dyes,3 and modification of the rate of certain electrochemical and degradation reactions.4

The traditional approach to synthesizing cobalt oxide is energy-intensive and costly, as relatively high
temperatures are required to synthesize the cobalt oxide product. However, new research shows that
cobalt hydroxide carbonate, a precursor to cobalt oxide, can be synthesized at room temperature.5 This
new synthesis method would be highly energy-efficient and cost-effective, but there are remaining gaps in
our understanding of how cobalt hydroxide carbonate crystals form when grown via this method. Thus,
broadly, our research focused on understanding how cobalt hydroxide carbonate crystals form at room
temperature and how this precursor transforms to cobalt oxide via heating. Through our research, we
hoped to obtain a better understanding of the new synthesis method and how adjusting the synthesis
conditions may affect the crystal properties of the cobalt oxide product, such as size, shape, and assembly,
influencing the performance of the resulting cobalt oxide product within various scientific and industrial
applications. Our findings will help optimize the synthesis to predictably and reproducibly achieve cobalt
hydroxide crystals with the desired properties, creating materials with improved performances.

The first few weeks of our research were dedicated to setting up the physical lab space and the
instrumentation for the lab, including the spin coater and X-ray diffractometer (XRD). The XRD is a
powerful instrument that identifies and characterizes the structure of crystalline substances, and it was one
of the main scientific instruments used for the inorganic project. In addition to the XRD, the scanning
electron microscope (SEM) was used to characterize the surface morphology of crystalline substances,
producing highly detailed images of surface crystal morphology. Reagents were also ordered during the
beginning of the research based on close readings of scientific literature published on non-classical
crystallization of metal oxides and metal carbonates, as we intended to replicate or create hybridized
experimental procedures that involved the use of the same reagents in literature. For additives, Fast Green
FCF, Brilliant Blue R, and amaranth were ordered and added to crystal growth solutions to determine how
adding dyes and pigments could impact crystal growth and structure. Cobalt hydroxide carbonate growth
replications of Chemistry Honors student Zubin Kenkare, ‘23, were also created.
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