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Abstract m——— s} Conclusionand Future Steps

When performing our molecular simulations by focusing on
coarse-grained Ca-Ca interactions, we showed that the
amorphous structure arises from the multiple wells in the
Lennard-Jones-Gauss binding energy curves. In other words, the
stable crystalline structure was unable to form due to the
geometric frustration created by the double wells.

The focus of this study is on amorphous calcium carbonate (ACC). The Simulation tools: Used LAMMPS, a classical MD
overarching goal for this project is to study the structure and stability simulation engine, run on Northegstern Umverngys
of ACC, and the mechanisms associated with its crystallization. We Explorer supercomputing cluster in Mobaxterm, in

. . . . . tandem with OVITO, a 3D molecular visualization tool,
used computational modeling based on calcium-ion interactions to . .

. . o for visual feedback and analysis.

stabilize ACC and explored a combination of pair-wise intermolecular
INnteractions to understand the origin of the amorphous structure. Our
goal was to understand more about this mechanism: What conditions
cause It? Can ACC exist as a metastable structure, and not just as an

Simulation method: Performed molecular

computations using Newtqn S c;lasgcal equations of Figure 2: Unit cells of CaCO. variations (in order) In figure 6, we noticed that lower temperatures lead to emerging
motion, with time integration via time discretization. Calcite, Aragonite, and Vaterite in OVITO crystalline clusters. Figure 7 corroborates this further as 7a’s

- | it f line Calci Carb Caco. |7 Crystalline vs. amorphous identification: Used the (" | -y (* )  continuous and undefined peaks indicate an amorphous
cphemeta prere.qU|S|te of crysta ne Lalcidm L-at onate (Ca . ) radial distribution function (RDF) tool in OVITO to o = . structure while 7b’s peaks are isolated and defined, indicating an
How can we replicate this mechanism using molecular dynamic (MD) analyze density-versus-radius curves. - 1 emerging crystalline structure.
simulations? . L . IR I
o Well-defined spikes indicate a crystalline structure. il L B , , , ,
A flatt dicat n ¢ ¢ T35 st o7 \L | Putpron s | / INn figures 8 and 9, there is a correlation between the distance
BaCkg frou nd * atter curve Indicates an amorpnhous structure. Figure 3: left (a) - RDF of Germanium in different states of where local/absolute minima exist and the pair separation
: : . . , matter; right (b) - sample RDF curve in OVITO distances in the RDF functions where sharp peaks/maxima exist.
Unit Cells Atomic Packing Factor Interaction potentials: Studied Lennard-Jones (LJ) and Lennard-Jones-Gauss (LJG) energy curves. For the energy curves, adjusting the o value - and therefore the
Unit cells are the smallest repeating Atomic Packing Factor is a « For LJ-Gauss, calculated the resulting double wells and varied input values in the Gaussian term (circled) to bond distance - moved the larger minima side-to-side. With this,
unit of a crystalline structure. Its measure of how efficiently atoms observe changes in the curve. we could make two separate minima or superpose the curves to
. . s 1T B 12 2 ERRDAra=Ionas:Causs create one deeper minima
atomic arrangement can determine condense ano! arrange | ) = de [(;) -() ] Vi) = 46( o ) 3 Cexp( — €= | i riElai -
the prOpertleS Of d materlal. themselves Wlthln d glven unlt Repulsive potential J L Weakly attractive force y 2w2 . . .
cell & = unit of length,¢ = unit of energy, Through these experiments, we realized that ACC, in fact, can
| g o ooy b - exist as a metastable structure with the correct parameters and
N | V | : r = distance between centres of two molecules V(r) = TOtal poten‘“al betv\/een energy r . . . o . . p
AP e, 2180008, A0 0 between two particles = > not immediately transition into a crystalline form. Another factor
NN Vinit cel r=r, r = Distance between the particles > o 1 to consider is the hydrated nature of ACC; the presence of water
APFE =052 ¥ = €. = Depth of Gaussian minimum f - Introduces new intermolecular interactions that allow ACC to
SOl b 4 ; Tofind Minima of the potential, ¢y = Djstance at which potential energy is zero \ & retain its amorphous shape. In the future, we could explore
Simple  Face-Centered Body-Centered _ APF_..=0.68 r=op=20 7 putgy =9 = Position of the Gaussian minimum \ | / parameters which lead to full crystallization as opposed to stable
Cubic (5C)  Cubic (FCC) Cubic (BCQ) | OE = o . r. = Position of the Lennard-Jones minimum \| / ACC forms. Additionally, we could visually incorporate carbonate
- - A BCC 0.74 Figure 4: Sample LJ Curve h_ - ' . . . . : . . .
g; = Depth of Lennard-Jones potential well ions into our simulations to imagine more realistic scenarios.

Real-World Applications Force/motion calculations: F(x) = -dU/dx Figure 5: Sample LIG Curve
The focus of this study is on amorphous calcium carbonate (ACC). It is o Used force and known mass to calculate acceleration to then determine final velocity and displacement. Acknowledgements
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e Sustainable materials: Can be used to develop next generation Figure 6: left (a) - Ca-Ca interactions of sample at R B
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Figure I: Samples of CaCO;, in the forms of (from left to right)
crystal, pearl, powder, shell, and limestone
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