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Supporting information for: 

Mechanistic Insights into the Crystallization of 

Amorphous Calcium Carbonate (ACC) 

Table S1 Summary of experimental conditions. SI is saturation index with respect to vaterite. 

 CaCl2 solutions Na2CO3/Na2SO4 solutions Solutions after mixing and prior to 

precipitation 

Experiment Ca 

(M) 

Volume 

(ml) 

CO3 

(M) 

SO4 

(M) 

Volume 

(ml) 

Ca 

(M) 

CO3 

(M) 

SO4 

(M) 

Volume 

(ml) 

SI 

Pure ACC 1 100 1 - 100 0.5 0.5 - 200 4.2 

SO4(repl)  1 100 0.9 0.1 100 0.5 0.45 0.05 200 4.2 

SO4(add) 2.5 40 0.625 0.0625 160 0.5 0.5 0.05 200 4.2 
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Figure S1 3D representations of the time resolved WAXS patterns from first 2 minutes of the pure ACC 

experiment. 

 

 

Figure S2 αvaterite plots for the pure ACC, SO4(add) and SO4(repl) experiment; time is plotted on a base 2 log scale. 
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Figure S3 The slope of the Porod region ( ( ) pqqI −∝ ) calculated from the SAXS patterns for the pure ACC 

and SO4(repl) experiments as a function of time (on a base 2 log scale)  

 

The value of the slope (p) of the Porod region (high q values in SAXS data; Figure S3) can give information on 

the fractal dimensions of scattering particles and surfaces.
1-3

 Figure S3 shows that in the first ~4 minutes of the 

experiments, the Porod slope (p) decreased from ~3.4 to ~2.5. In the pure ACC experiment, p increased 

subsequently to ~2.9 during stage three, while in the SO4(repl) experiment, p remained ~2.5. 

 

If: 1 < p < 3, the scattering particles are volume fractals with a mass fractal dimension:  

pDm =    (Eq. S1);
4
 

 

If: 3 < p < 4, the scattering particles have fractal surfaces with a surface fractal dimension of:  

pDs −= 6    (Eq. S2).
5
 

 

Initially when the only phase was ACC (Figure 2A), p had a value of ~3.4 (Figure S3). This indicates that the 

ACC particles had rough surfaces, with a surface fractal dimension (Ds) of 2.6   (Eq. S1)
4
. The decrease 

in p during the first 4 minutes of the experiments coincides with the decrease in αACC (Figure 2A). When all ACC 

was transformed to vaterite, p reached its lowest value of ~2.5. This indicates the vaterite spherulites have a 
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mass fractal character (Dm ≈ 2.5   (Eq. S2))
5
, which has ben shown previously for polycrystalline/porous 

aggregates.
6
 The decrease in p during stage two can be attributed to the transformation of the remnant ACC in 

suspension to vaterite (Figure 2A and 3B). The increase in p during stage three in the pure ACC system (Figure 

S3), indicates that the fractal appearance of the vaterite spherulites decreases (i.e. Dm increased from ~2.5 to 2.9 

  (Eq. S2))
5
. Pipich et al.

6
 have determined previously, that this correlates well with an increase in 

the crystallite size. During stage three in the SO4(repl) system, p remained at ~2.5 (Figure S3).
5
 This indicates that 

the fractal appearance of the vaterite spherulites did not change significantly.  
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Table S2 Summary of the PHREEQC
7
 modeling results. The measured pH, total calcium and total sulfate 

concentrations were used as input parameters to calculate the total inorganic carbonate (TIC), the aqueous 

carbonate speciation and the SI with respect to vaterite. 

Pure ACC Total concentrations (mM) Aqueous speciation (mM)  

time (min) pH Ca TIC SO4 
+2Ca  −2

3CO  −

3HCO  −2

4SO  SI (vaterite) 

1 9.5 26 30 0 20 4.0 7.3 0 2.3 

2 8.5 11 18 0 9.9 0.71 12 0 1.2 

5 8.2 9.2 17 0 8.7 0.36 12 0 0.89 

8 8.2 8.9 16 0 8.4 0.35 12 0 0.86 

10 8.2 9.0 16 0 8.5 0.35 12 0 0.87 

20 8.2 8.7 16 0 8.2 0.34 12 0 0.84 

30 8.2 8.5 16 0 8.0 0.32 11 0 0.81 

SO4(repl) Total concentrations (mM) Aqueous speciation (mM)  

time (min) pH Ca TIC SO4 Ca
2+

 

   

SI (vaterite) 

1 8.8 75 45 45 57 2.1 22 23 2.5 

2 8.1 53 32 36 44 0.48 22 19 1.7 

5 8.0 49 28 34 42 0.31 20 18 1.5 

8 7.9 48 27 34 41 0.28 19 18 1.5 

10 7.9 49 28 34 42 0.28 19 18 1.5 

20 7.9 49 26 36 42 0.26 18 19 1.4 

30 7.9 50 27 36 42 0.27 19 19 1.4 

SO4(add) Total concentrations (mM) Aqueous speciation (mM)  

time (min) pH Ca TIC SO4 Ca
2+

 

   

SI (vaterite) 

1 9.6 32 39 48 22 5.4 8.5 27 2.5 

2 8.9 11 35 38 8.5 2.4 19 22 1.7 

5 8.7 11 37 38 8.3 1.8 23 22 1.6 

8 8.7 11 36 38 8.1 1.7 22 22 1.5 

10 8.7 10 35 39 8.1 1.7 22 22 1.5 

20 8.6 10 34 39 8.1 1.6 22 23 1.5 

30 8.6 10 33 40 8.1 1.5 21 23 1.5 
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Table S3 The rate constants (k) and induction time (t0) derived from the αvaterite data fitted with the JMAK 

model
8-11

. 

JMAK Equation: 

 

 

Experiment Variable Value Error  

Pure ACC 

Adj. R
2
 = 0.9888 

k (min
-4

) 48.7 8.8 

t0 (min) 0.93 0.02 

SO4(repl)  

Adj. R
2
 = 0.9828 

k (min
-4

) 11.7 2.5 

t0 (min) 0.98 0.03 

SO4(add) 

Adj. R
2
 = 0.9727 

k (min
-4

) 9.2 2.3 

t0 (min) 1.37 0.03 
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