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Abstract: Calcite is one of the anhydrous polymorphs of calcium carbonate. When it is found in biominerals, they often
have complex morphologies controlled by associated proteins. Asprich, rich in carboxylic acid groups, is one of the rep-
resentative proteins. In previous studies, peptides originated from Asprich showed extensive modification abilities of cal-
cite morphologies, especially in the presence of magnesium ions. In the present study, synthetic polymers with carboxylic
acid groups were utilized to regulate the morphologies of calcite. Poly(acrylic acid) and poly(methacrylic acid) were able
to reproduce the controlling ability of Asprich peptides, but poly(ethylene imine) and poly(N-isopropylacrylamide) could
not. The observed phenomenon can be explained through selective binding of the anionic polymers to the {hk0} planes

of calcite.
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Figure 1. Polymers in the present study: (a) poly(acrylic acid)
(PAA); (b) poly(methacrylic acid) (PMAA); (c) poly(ethylene imine)
(PED); (d) poly(N-isopropylacrylamide) (PNiPAAm).
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Figure 2. XRD patterns of calcite formed with magnesium (Mg/Ca
= 0.1) in the presence and absence of 0.1 UM PAA or PMAA.
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Figure 3. SEM images of the calcite crystals formed with: (a) no
additive; (b) Mg ions; (¢) 0.1 uM PAA; (d) Mg ions and 0.1 uM
PAA; (e) 0.1 uM PMAA; (f) Mg ions and 0.1 uM PMAA. All scale
bars are equal to 10 um. Morphology simulation results for the
cases of (b) and (d) are shown in (g) and (h), respectively.

T AU A+, 7HEA7E AY = PAASH PMAATYL 7HE
A7|7F 358 Asprich @A o] AA 3] Alo)7]5S FAKSH
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Figure 4. SEM images of the calcite crystals formed with: (a)
0.1 uM PEI; (b) Mg ions and 0.1 uM PEI; (c) 0.1 uM PNiPAAm;
(d) Mg ions and 0.1 uM PNiPAAm. All scale bars are equal to
10 pm.
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Figure 5. Molecular models of calcite: (a) one calcium on the (104)
surface surrounded by five oxygens; (b) one calcium on (110) sur-
rounded by four oxygens. Oxygens were marked by black circles.
Similar models were also shown in reference 7.
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Figure 6. SEM images of the calcite crystals formed with Mg ions
and: (a) 0.1 uM PAA; (b) 0.1 uM PMAA; (c) 1 uM PAA; (d) 1 uM
PMAA; (e) 1 uM PEL; (f) 1 uM PNiPAAm. All scale bars are equal
to 10 um.
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