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Context & Goals
Purpose for Research: To understand the mechanisms behind the crystallization and 
stabilization of Amorphous Calcium Carbonate (ACC) that prevents its immediate 
crystallization into Calcium Carbonate (CaCO3) polymorphs; to use frameworks presented in 
literature to perform to digitally model the crystallization pathways of CaCO3

Real-World Applications: 
● Mechanism used by marine life to produce shells, bones, skeletons, and other parts

○ Switching between crystalline and amorphous forms allows for easier 
transport of materials before production

● Used in 3D printing (amorphous filament → crystalline product)
● Means of carbon sequestration → combating climate change

Areas of Study: Chemistry, Physics, Materials Science, Computational Modeling

Greenhouse gas → Carbonic Acid: CO2 + H2O → H2CO3 
Dissociation of Carbonic Acid: H2CO3 → H+ + HCO3

-

Dissociation of Ion: HCO3
-
 → H+ + CO3

2- 
Crystallization of Calcium Carbonate: Ca2+ + CO3

2-
 → CaCO3



Relevant Background Information
Vocabulary Energy Curves

Polymorphs: various forms of a substance
Ca Carlj

Ca CarG

Amorphous: lacking shape or form
Crystalline: being packed in a well-defined, 
repeating pattern
Crystallization: the process of atoms 
arranging themselves into a stable form, 
typically into a well-defined, repeating pattern
Computations: a series of well-defined 
arithmetic procedures to accomplish a goal
Energy Curve (Pair Potential): graph showing 
potential energy within a pair as a function of 
distance between two particles



Methods - OVITO
Radial Distribution Function 

Analysis (RDF)

Crystalline CaCO3 
Sample via OVITO

Germanium Sample 
w/ Varying Forms and 

their RDFs

RDF Measure: 
Density of a sample as a 

function of its radius from 
a reference point

RDF Significance: 
Determine whether a 

substance is crystalline 
(ordered; indicated by 

sharp, isolated, and 
defined peaks) or 

amorphous (lacking 
shape; indicated by 

weakly defined peaks and 
a smoother curve)

CaCO3 Polymorphs 
via OVITO Software

Aragonite

Vaterite

Calcite



Methods - LAMMPS
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Results - Simulation Files
Adjusting Temperature

Temperature = 0.8 
(Dimensionless Units)

Temperature = 0.2

Mass = 2.0 (D.U.) Mass = 5.0

Mass = 6.0 Mass = 7.0

Adjusting Mass



Results - Most Realistic Simulations
Single-Well (Lennard-Jones) Simulation

ε = 4.1
r0 = 1.4
σ = 0.14
Thermo = 50
Run = 15000

Double-Well (Lennard-Jones-Gauss) Simulation
ε = 4.1
r0 = 2.0
σ = 0.14
Thermo = 50
Run = 15000



Conclusions
● Coarse-grained Ca–Ca simulations show ACC's amorphous structure arises from multiple 

wells in the Lennard-Jones-Gauss binding energy curve. These interactions, influenced by 
carbonate ions and water, are geometrically frustrated, allowing stable structures to form 
despite conflicting interactions.

● Lower temperatures allow for structures to crystallize more easily

● The locations of energy minima correlate directly with RDF peak positions. By adjusting ro, 
we can shift these minima to create separate or merged wells, thereby tuning Ca–Ca 
interaction behavior. 

● Key result: ACC can exist as a stable, metastable structure under the right parameters, 
rather than immediately crystallizing. Computations allowed us to identify mechanisms for 
stabilizing the amorphous structure. 

Future work: Explore parameters that drive full crystallization (as opposed to stable ACC); 
incorporate carbonate ions and water molecules directly into simulations for more realistic 
modeling.
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