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Calcite-solution reactions (growth, dissolution and replacement) are critical in a range of both engineering and
natural processes. Classical crystal growth theory relates calcite growth rates to the degree of supersaturation. The
solution composition may also affect the growth rate of carbonate minerals, via the Ca®* to CO%‘ concentration
ratio (Nehrke et al., 2007; Perdikouri et al., 2009), ionic strength (Zuddas and Mucci, 1998) or the presence of
organic matter (Hoch et al., 2000). Most calcite growth studies so far have been performed at a constant pH of ca.
8 or 10, or changing the pH together with the degree of supersaturation with respect to calcite and/or the acgo4 to
aco3s2— ratio in solution, which hinders an evaluation of the pH effect on calcite growth kinetics. In this work, in
situ Atomic Force Microscopy (AFM) was employed to study the growth of calcite at a constant supersaturation
(€2 = 6.46) and solution stoichiometry (Ca?*/CO3~ = 1) in the pH range 7.5 to 12. How pH may influence calcite
growth is relevant to improve our understanding of the effects on carbonate-solution reactions when variations
in atmospheric COqresult in changes in the pH of the oceans and surface waters. We observed that the calcite
growth rate decreases with increasing pH in the studied range. The results can be successfully explained by the
mechanistic model for calcite growth based on surface complexation proposed by Nilsson and Sternbeck (1999)
and by solute hydration. At pH below 8.5, growth occurs mainly by CaCOY incorporation at >CaHCOY surface
sites. CaCOY should be more easily incorporated than free Ca®T ions, as water exchange usually is faster if water
molecules in the ion hydration shells are substituted for by other ligands, as in CaCOYJ. However, at pH above 9,
Ca?" incorporation at >CaHCO sites also contributes to calcite growth as a result of increased frequency of water
exchange in calcium hydration shells due to the presence of strongly hydrated OH ™. The decrease in calcite growth
rate is a consequence of decreasing surface concentration of growth active sites (i.e. >CaHCOY) with increasing
pH in our experimental conditions. Changes in 2D island morphology were observed at high pH (12), possibly due
to the stabilization of polar scalenohedral faces by the presence of OH™ ions.
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