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Abstract: Amorphous calcium carbonate ( ACC) plays a very important role in the formation of calcium carbonate
minerals with a multi-level hierarchical structure and excellent mechanical properties. Organisms can accurately regulate the
crystallization process of ACC, while synthetic ACC is usually very unstable. Therefore, studying the stabilization mechanism
of ACC and the crystallization process of ACC from a chemical perspective is of great significance for understanding the for-
mation process of biominerals via an amorphous precursor. This article summarizes the intrinsic properties of ACC, and the
influence of environmental conditions and additives on crystallization process, explains the role of ACC during the crystalliza-

tion process, and discusses the implications of this field on the regulation of material structure and properties.
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Fig. 1  Pathways to crystallization by particle attachment: in classical

Bulk crystal

models of crystal growth, the basic assembly unit is the monomer
including ions, atoms and molecules, however crystallization by
particle attachment occurs by the addition of higher-order species
ranging from oligomers to complexes, droplets, amorphous nano-

particles, poorly crystalline nanoparticles and nanocrystals' ')
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Fig. 2 Morphology of biogenic and synthetic ACC; (a) the crayfish gastrolith cross-section SEM image showing ACC nanospheres with a diameter of

100~200 nm! ™) ; (b) the surface SEM image of a cystolith extracted from Ficus microcarpa leaves showing ACC nanospheres with a diameter

of about 20 nm!?*!; (¢) Cryo-SEM image of the forming spicule in sea urchin embryos showing naonospheres with a diameter of 20 ~

30 nm'?!; (d) ACC nanospheres with diameter of about 200 nm synthesized from 5 mmol/L calcium carbonate solution*®); () ACC nano-

spherse with diameter of about 70 nm synthesized from 40 mmol/L calcium carbonate solution'®®); () ACC bulk transformed from fast dehy-

]

dration of calcium carbonate hexahydrate!?!
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Fig. 3 Relative energetic stabilities of different calcium carbonate phases with respect to calcite (a) "' ; AH( ACC, magnesium-containing ACC

and phosphate-containing ACC are represented by grey, blue and red squares, respectively) , =TAS and AG of ACC with different hydra-

tion levels with respect to calcite (b))
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Fig. 4 Stability of ACC in water and during heating in air'*"

. (a) Average apparent solubility of ACC with different particle sizes; (b) TG/

DSC curves of ACC with different particle sizes, dashed lines indicate the positions of the first endothermic peak (1) and the first (2)

and second (3) exothermic peak
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Fig. 5 SEM images of calcium carbonate crystals obtained under confine-
ment in track-etched membrane; (a~c) calcium carbonate formed
in membrane pores of diameter 3, 0.8 and 0.2 pm from 0. 1 mol/L
CaCl,/Na,CO, solutions after incubation for 24 h**!; calcium
carbonate formed in membrane pores of diameter 200 (d) and
50 nm (e, f) from calcium carbonate precursor solutions with

10 wg/mL polyacrylic acid (PAA) [¥]
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Fig. 6 Influence of poly( Aspartic acid) (pAsp) on the stability and crystallization of ACC; different amounts of pAsp were added immediately

after the precipitation of ACC and the corresponding pH value (a) and Ca®* concentration activity (b) evolution with time; weight frac-

tion of vaterite and calcite in the crystallization products (¢); TEM images of ACC and the vaterite after crystallization (d) )
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