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Fig.1 Time-lapsed sequence of pressurized AFM images collected from a polished natural brucite surface
during exposure to different scCO2 environments. a, AFM images after exposure to dry scCO2 601 min.
b— 1, AFM images after exposure to wet scCO2 (water saturated) after 65 (b), 276 (c), 355 (d), 362 (e), 366
(), 370 (g), 375 (h), 379 (i), 384 (j), 388 (k) and 392(1 min (I). Experimental conditions: 901 bar wet
scC0O2,500 ° Cand aflow rate of 25000 U 10 min[J 1. Scale bar, 500 O m. Arrows with the same colour in
e— | track the nucleation and crystal growth of isolated nesquehonite needles.
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Fig. 2 AFM, SEM and TEM images of as-synthesized brucite nanodiscs and AMC. a,b, AFM (scale bar, 180
nm) (a) and SEM (scale bar, 20000 nm) (b) images of brucite nanodiscs on silicon substrates. ¢,d, TEM
images of a brucite nanodisc film on copper grid (c) after exposure to dry scCO2 for 601 min and the AMC
product after exposure to wet scCO2 (water saturated) 18001 min (d) (scale bar, 1001 [0 m, in ¢,d).
Experimental conditions: 90[] bar, wet scCO2, 5001 [J and a flow rate of 25000 [ 1] min{J 1.
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Fig. 3 ATR-IR experimental results (901 bar scCO2, 5001 1) on the powdered natural brucite. a, ATR-IR
spectra collected as a function of time at an increment of ~5[1 minutes for a total of ~1000] minutes at 93%
RH from an IR titration of brucite with water. The arrows show the direction of increased absorbance with
increasing time, although the OH stretching (3,26000 cmU 1) and HOH bending (1,64000 cm[J 1) bands of
water actually decreased in absorbance, beginning at ~65[1 minutes. A three-component MCR-ALS fit
accounted for better than 99.98% of the variance, as demonstrated by the small residuals shown offset and
below the measured spectra. b, The calculated spectral components assigned to nesquehonite, aqueous
magnesium bicarbonate and AMC. ¢, The normalized concentrations of the components shown in b as a
function of time, demonstrating the consumption of AMC (green), growth and consumption of aqueous
bicarbonate (blue) and growth of nesquehonite (red).
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Fig. 4 Structure of as-synthesized nanodisc brucite and AMC. a, Diffraction of brucite before (blue) and after
(red) 2400 hour reaction with 90 bar wet scCO2, 50 [ at a flow rate of 25000 I |0 minO 1. Dotted black
lines denote baselines and highlight the increase in diffuse contributions between 1 and 500 [ [J 1, indicative
of AMC. b, Experimentally determined PDF profile of AMC and calculated patterns for hydromagnesite
(red), scaled to attenuate at 8.51 [1 . Vertical dotted lines correspond to major features of the experimental

PDF, specifically the C— O distance (1.2801 [1 ), the Mg— O distance (2.090] [0 ), an O— O pair (3.0701 [0)
and a secondary Mg— O pair (4.1500 ).
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