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INTRODUCTION

Calcite is one of the most common and useful 

materials on Earth. It can be used as a construction material, 

abrasive, soil treatment, pigment, an antacid, and more. In 

nature, animals that make seashells, like mollusks, make 

their shells out of calcite, a normally weaker material, but 

incorporate organic material such as proteins to strengthen it. 

Imitating this process of strengthening calcite will improve 

the effectiveness of many of its applications.

In order to replicate this process, amino acids must be 

incorporated into synthetically grown calcite crystals. This is 

done by dissolving the amino acids into the solution from 

which the crystals form and then, when growing the crystals, 

the amino acids will be incorporated. We can verify that the 

amino acids have been incorporated by using X -ray 

diffraction, a method of determining the composition and 

structure of crystals. 1,2

In addition to strength, mollusk shells have intricate 

colorful designs despite just being calcite, so we also will 

incorporate a natural pigment to see if calcite can become 

colored.

RESEARCH GOAL
We focus on how incorporation of various amino acids and

a natural pigment affects the calcite structure and 

morphology.

EXPERIMENTAL PROCEDURE

2.205g of CaCl2 were dissolved into 100mL of deionized water and 1.59g 

of Na 2CO3 with 2.662g of Aspartic Acid were dissolved into another 

100mL of deionized water. The two solutions were mixed together to 

make 2NaCl and CaCO3 + Asp (Aspartic acid). In order to crystallize the 

CaCO3, the solution was put in an autoclave with 3 bars of pressure at 

135oC.

In order to verify the composition and structure of the calcium carbonate 

crystals, their diffraction spectrum was determined using an X -ray 

diffractometer. The Scanning Electron Microscope was used to image the 

individual crystals at micro -scale. The Carbon Coater prepared samples for 

analysis in the SEM.
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X-ray diffraction of Calcite Reference and Calcite with Aspartic Acid

Figure 9: X-ray Diffraction of CaCO3 Reference and 

CaCO3 + 0.2M Aspartic
Figure 10: Figure 9 Zoomed into 28 - 32 degrees, in the 

range of the main calcite diffraction peak
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RESULTS AND DISCUSSION

Figure 11: X-ray Diffraction of CaCO3 Reference and CaCO3
+ 0.075M Asp + 0.075M Gly + 0.075M Ala + 0.075M Ser

Figure 12: X-ray Diffraction of CaCO3 Reference and CaCO3

+ 0.2M Cyanidin

CONCLUSIONS
ÅDuring the project we used chemistry lab equipment for CaCO3 synthesis :

an optical microscope, a balance, an autoclave, and a chemical hood .

ÅWe learned how to characterize the crystals using powder X-ray

diffraction and Scanning Electron Microscopy (SEM).

ÅWe found pronounced differences between the various amino acids and

natural pigment in their effects on the morphology and structure as

observed by X-ray diffraction and the SEM.

By incorporating amino acids into calcite,

we observed how they affect the structure and morphology of the 

crystals. One of the most radical changes was caused by incorporating 

aspartic acid (figure 6). The morphology completely changes from 

rhombic to a more rounded shape. In the X -ray diffraction graph 

(figure 9,10), CaCo3 + 0.2M Asp has slightly shifted diffraction peaks 

so the Angle ( 2theta) is lesser. Using Bragg õs law, nȉ=2d sinȆ, where 

n = order, lambda = wavelength, d = dispacings , theta = diffraction 

maximum, and assuming that order and wavelength are constant, we 

know that the increased displacement was due to the incorporation of 

aspartic acid.

The Cocktail of amino acids Aspartic, Glycine, Alanine, and Serine 

(Figure 8) was also incorporated successfully, with an even higher 

diffraction peak than calcite (Figure 11). These crystals are shaped 

very oddly, like a combination of reference and aspartic (Figure 8).

The natural pigment also was incorporated into the calcite crystals. 

The resulting crystals are similar in structure to pure calcite (figure 

4,5), but have spiky deformities along the faces of the crystal (figures 

1-3). As seen in Figure 12, the pigment was incorporated since the 

dispacing has increased. Most importantly, the pigment caused the 

crystals to inherit a reddish brown hue,  like from the berries from 

which cyanidin originates.
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