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Table S1. A comparison between previously reported ACC synthetic procedures and 

current work. 

Typical preparation of ACC nanoparticles with stabilizers/additives 

Stabilizers/additives Ref. 

Poly(acrylic acid) (PAA) 
1, 2

 

Poly(ethylene oxide)-b-poly(acrylic acid) (PEO-b-PAA) 
3
 

Mg
2+

  
4, 5

  

Silica 
6
 

Phytic acid 
7
 

Adenosine 5'-triphosphate disodium salt (ATP) 
8
 

Polymerized dopamine 
9
  

 

Typical preparation of pure ACC nanoparticles 

Method Time Yield  Drawbacks Ref. 

Direct mixing the aqueous 

solutions of Na2CO3 (with a 

small amount of NaOH) and 

CaCl2 at 4 
o
C 

< 10 s - Poorly controlled, 

ACC easily crystallizes 

10, 11
 

Vortex fluidic mixing in 

water/ethylene glycol mixture 

30 min - Special device needed 
12

 

Hydrolysis of dimethyl 

carbonate in the aqueous 

solution of calcium salt 

2.5 min 72% or 41% Low concentration of 

the precursor solution 

(1 mM CaCl2) 

13
 

Titration 30-40 min Low Special device needed, 

low yield (2-5 mg from 

~200 mL solution) 

14
 

Gas diffusion into the 

ethanolic solution of calcium 

salts 

24 h or 3 

days 
- Time-consuming 

15,16
 

Freeze-drying from a 

saturated CaCO3 solution > 24 h Low 
Time-consuming, low 

yield 

17
 

Current work < 1 min > 78.5% - - 
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Figure S1. TEM images and corresponding SAED of (a) CaxMgy(CO3)z and (b) 

CaxSry(CO3)z nanoparticles. 

 

 

Figure S2. Raman spectra of amorphous CaCO3, MgCO3, SrCO3, CaxMgy(CO3)z and 

CaxSry(CO3)z. 

 

 

Figure S3. TGA results of amorphous CaCO3, MgCO3, SrCO3, CaxMgy(CO3)z and 

CaxSry(CO3)z prepared with 5 min of high-pressure CO2 injection. Apparently, 

extending reaction time does not induce obvious compositional changes of the 

amorphous minerals. 
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Figure S4. DSC traces for the crystallization of amorphous CaCO3, MgCO3 and 

SrCO3 (10 K·min
-1

). 

 

 

Figure S5. (a) XRD profile and (b) FTIR spectrum of the as-prepared ACC after 

being heated at 400 
o
C in air for 3 h. 

 

 

Figure S6. (a) XRD profile and (b) FTIR spectrum of the as-prepared ACC 

re-precipitated in deionized water. 
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Figure S7. (a) XRD profile and (b) FTIR spectrum of the as-prepared ACC 

re-precipitated in a mixed solvent of ethanol and water, where the water content is 15 

wt%. 

 

CaCO3·H2O (ACC) + Co
2+

 + OH
-
 → CoCO3↓+ Co(OH)2↓ 

CaCO3·H2O (ACC) + Cu
2+

 + OH
-
 → Cu2(OH)2CO3↓+ Cu(OH)2↓ 

CaCO3·H2O (ACC) + Fe
3+

 + OH
-
 → Fe(OH)3↓+ Fe2O3↓ 

Figure S8. Probable reaction schemes in the water treatment of heavy metal ions 

(Co
2+

, Cu
2+

, Fe
3+

) by ACC. 

 

 

Figure S9. UV-vis spectra of (a) Co(NO3)2 (5 mL, 100 mM), (b) CuCl2 (5 mL, 100 

mM), (c) Fe(SCN)3 (5 mL, 1 mM), and (d) Au NPs (2 mL ,200 µg∙mL
-1

) aqueous 

solutions upon the addition of different amounts of ACCs. (e-g) UV-vis spectra of 

rainwater, urban-waste water and polluted river-water (10 mL) before and after the 

addition of 5 mg of ACC. 



S6 

 

References 

(1) Gebauer, D.; Völkel, A.; Cölfen, H., Stable prenucleation calcium carbonate clusters. Science 2008, 322, 

1819-1822. 

(2) Cai, G.-B.; Zhao, G.-X.; Wang, X.-K.; Yu, S.-H., Synthesis of polyacrylic acid stabilized amorphous calcium 

carbonate nanoparticles and their application for removal of toxic heavy metal ions in water. J. Phys. Chem. C 

2010, 114, 12948-12954. 

(3) Spevacek, J.; Dybal, J.; Starovoytova, L.; Zhigunov, A.; Sedlakova, Z., Temperature-induced phase separation 

and hydration in poly(N-vinylcaprolactam) aqueous solutions: a study by NMR and IR spectroscopy, SAXS, 

and quantum-chemical calculations. Soft Matter 2012, 8, 6110-6119. 

(4) Jiang, J.; Gao, M.-R.; Qiu, Y.-H.; Yu, S.-H., Gram-scale, low-cost, rapid synthesis of highly stable Mg-ACC 

nanoparticles and their long-term preservation. Nanoscale 2010, 2, 2358-2361. 

(5) Gower, L. B.; Odom, D. J., Deposition of calcium carbonate films by a polymer-induced liquid-precursor 

(PILP) process. J. Cryst. Growth 2000, 210, 719-734. 

(6) Becker, A.; Ziegler, A.; Epple, M., The mineral phase in the cuticles of two species of Crustacea consists of 

magnesium calcite, amorphous calcium carbonate, and amorphous calcium phosphate. Dalton Trans. 2005, 

1814-1820. 

(7) Politi, Y.; Levi-Kalisman, Y.; Raz, S.; Wilt, F.; Addadi, L.; Weiner, S.; Sagi, I., Structural characterization of 

the transient amorphous calcium carbonate precursor phase in sea urchin embryos. Adv. Funct. Mater. 2006, 

16, 1289-1298. 

(8) Tester, C. C.; Wu, C.-H.; Krejci, M. R.; Mueller, L.; Park, A.; Lai, B.; Chen, S.; Sun, C.; Balasubramanian, M.; 

Joester, D., Time-resolved evolution of short- and long-range order during the transformation of amorphous 

calcium carbonate to calcite in the sea urchin embryo. Adv. Funct. Mater. 2013, 23, 4185-4194. 

(9) Cheng, X.; Gower, L. B., Molding mineral within microporous hydrogels by a polymer-induced 

liquid-precursor (PILP) process. Biotechnol. Prog. 2006, 22, 141-149. 

(10) Cartwright, J. H. E.; Checa, A. G.; Gale, J. D.; Gebauer, D.; Sainz-Díaz, C. I., Calcium carbonate 

polyamorphism and its role in biomineralization: how many amorphous calcium carbonates are there? Angew. 

Chem. Int. Ed. 2012, 51, 11960-11970. 

(11) Kim, Y.-Y.; Douglas, E. P.; Gower, L. B., Patterning inorganic (CaCO3) thin films via a polymer-induced 

liquid-precursor process. Langmuir 2007, 23, 4862-4870. 

(12) Wolf, S. E.; Leiterer, J.; Pipich, V.; Barrea, R.; Emmerling, F.; Tremel, W., Strong stabilization of amorphous 

calcium carbonate emulsion by ovalbumin: gaining insight into the mechanism of ‘polymer-induced liquid 

precursor’ processes. J. Am. Chem. Soc. 2011, 133, 12642-12649. 

(13) Faatz, M.; Gröhn, F.; Wegner, G., Amorphous calcium carbonate: synthesis and potential intermediate in 

biomineralization. Adv. Mater. 2004, 16, 996-1000. 

(14) Gebauer, D.; Gunawidjaja, P. N.; Ko, J. Y. P.; Bacsik, Z.; Aziz, B.; Liu, L.; Hu, Y.; Bergström, L.; Tai, C.-W.; 

Sham, T.-K.; Edén, M.; Hedin, N., Proto-calcite and proto-vaterite in amorphous calcium carbonates. Angew. 

Chem., Int. Ed. 2010, 49, 8889-8891. 

(15) Fernandez-Martinez, A.; Kalkan, B.; Clark, S. M.; Waychunas, G. A., Pressure-induced polyamorphism and 

formation of ‘aragonitic’ amorphous calcium carbonate. Angew. Chem. Int. Ed. 2013, 52, 8354-8357. 

(16) Chen, S.-F.; Cölfen, H.; Antonietti, M.; Yu, S.-H., Ethanol assisted synthesis of pure and stable amorphous 

calcium carbonate nanoparticles. Chem. Commun. 2013, 49, 9564-9566. 

(17) Ihli, J.; Kulak, A. N.; Meldrum, F. C., Freeze-drying yields stable and pure amorphous calcium carbonate 

(ACC). Chem. Commun. 2013, 49, 3134-3136. 

 


