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Experimental procedure for ACC, vaterite, and calcite powder 

ACC powder: The synthesised ACC colloid was diluted with ethanol and stirred at 400 rpm 

for 4 days at 20 °C. After removing the supernatant by centrifugation at 3,540 g for 20 min, 

a transparent gel remained in the bottom of the centrifuge tube. The obtained gel was 

washed with ethanol and centrifuged under the same conditions. This treatment was 

repeated twice. After vacuum drying for 24 h, the obtained coarse translucent particles 

were ground using a planetary ball mill (P-7, Fritsch, Germany). Translucent particles (2.0 

g) and 12.0 g of 3.0 mm yttria-stabilised zirconia balls (Nikkato, Osaka, Japan) were put 

into a stainless-steel pot with a volume of 45 cm3 and a diameter of 39.95 mm. 

Atmospheric grinding was carried out at a revolution speed of 400 rpm. A 20 min grinding 

and 10 min rest cycle to prevent an excessive increase in temperature was repeated thrice 

for a total grinding time of 60 min. Then the ACC powder was directly collected. 

 

Vaterite powder: Calcium hydroxide (25.0 g) was added to 475 g solvent mixture of ethanol 

and glycerin (77:23 by weight). The other treatments to obtain the ACC colloid were the 

same as those described in the main text. Next, the ACC colloid was diluted with ethanol 

and stirred [Ref. S1] at 400 rpm for 6 days at 20 °C. The colloid became a clouded solution. 

The supernatant was subsequently removed by centrifugation at 3,540 g for 20 min. 

Washing the sediment with ethanol twice and vacuum drying for 24 hours gave vaterite 

powder. 

 

Calcite powder: The ACC colloid was left for 1 month in an incubator at 20 °C. The other 

treatments were the same as those for the vaterite powder. 

 

For the phosphorylation reaction, ACC, vaterite, or calcite powder was suspended in a 

mixed solvent of ethanol-glycerin (7:3 by weight). The concentration was set to 1 wt%. 
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Characterisation 

The specific surface area was measured by nitrogen gas adsorption based on the 

multi-point BET method. The analysis was conducted on Autosorb-1-c/MK2 (Qantachrome, 

USA). Prior to the measurements, the samples were degassed for 2 h at 300 °C under a 

vacuum to remove the adsorbed solvent molecules. The particle morphologies were 

observed using a scanning electron microscope, SEM (JSM-6380A, JEOL, Tokyo, Japan). The 

crystal structure was analysed using an X-ray diffractometer, XRD (MultiFlex-120NP, Rigaku, 

Tokyo, Japan). The measurement range was 15–50° at a scan speed of 5°/min. 

 

Characteristics of ACC, vaterite, and calcite powder 

Figure S1 shows the SEM images of the ACC, vaterite, and calcite powder. Their particle 

sizes were several hundred nm to sub-micron. The average particle size based on the 

number obtained from 250 particles from SEM observations of the ACC powder was 2 µm. 

The specific surface areas of ACC, vaterite, and calcite powder were 123, 135, and 163 

m2/g, respectively (Table S1). The XRD patterns in Fig. S2 revealed a broad peak in the ACC 

powder. The peak positions in the XRD profiles corresponded to those of the calcite (JCPDS 

no. 05-0586) and vaterite (JCPDS no. 33-0268) phase for the crystalline powder. 
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Table S1 Specific surface area of the synthesised powders 

Polymorphs Specific surface area [m2/g] 

ACC 123 

Vaterite 135 

Calcite 163 

 

 

 

 

 

Figure S1. Typical SEM images of (a) ACC, (b) vaterite, and (c) calcite powder. 

 

 

 

 

 

 

 

 

Figure S2. XRD patterns of ACC, vaterite, and calcite powder. For calcite, arrow denotes 

that there is a minute amount of vaterite powder, and vice versa for vaterite.  


