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Experimental observations on the crystal growth mechanism
of barite and celestite surfaces using atomic force microscopy
(AFM) in a fluid cell show that organic phosphonates are effi-
cient growth inhibitors for crystal growth. We used molecular
simulations to study what the attachment mechanism of these
organic molecules to step and kink sites on the (001) and (210)
directions is. In order to be able to model complicated surface
structures, we used a method using interatomic force poten-
tials. However, in order to be able to model the specific inter-
actions between the phosphonates and certain surface sites, we
have derived these interatomic potentials from quantum
mechanical calculations using 6-31 g* basis sets and a Hartree-
Fock/DFT hybrid method. This procedure is necessary to
obtain reliable energies for adsorption energies and the geom-
etry of interactions with the mineral surface. Using these
potentials, we found that, e.g. HTMP adsorbs preferentially to
[010] steps and kinks on the [120] directions which are the
reactive surface sites for crystal growth. Adsorption to [120]
directions without kinks (which are fairly stable periodic bond
chains) is much weaker due to the non-polar character of these
steps.

Growth experiments with high ionic strength indicate that
growth (at high metal sulfate supersaturation) and dissolution
(in undersaturated solutions) is promoted by high ionic

strength. In addition, we found that the relative stability of
[010] steps is increased in comparison to the [120] direction,
evident as growth islands and etch pits that are elongated in
the [010] direction in growth and dissolution conditions,
respectively, with high ionic strength. The most likely expla-
nation, from a molecular point of view, for the increased
growth velocity is that Na ions in solution can attach to pre-
existing growth islands to start a new growth row. This is the
rate limiting step on barite and celestite surfaces and
endothermic without the "help" of foreign ions. The activa-
tion energy for this step is lowered under the influence of
monovalent ions. Subsequently, rows can grow parallel to
[120] and finally substitute the initial Na by cation exchange.
The increased relative stability of steps parallel [010] with
respect to [120] can be explained by the formation of PBC-
like -Na-SO4-Na-SO4- or -Cl-Ba-Cl-Ba-Cl- chains along the
step which are less polar than terraces bounded by either SO4

or Ba. Overall dissolution is nevertheless promoted because
dissolution can be performed in such a way that by
exchanging a divalent ion in the structure by a monovalent
ion from solution, the local charge only changes by one
charge unit. In contrast, during dissolution in deionized
water, the dissolution site has to be temporarily doubly
charged which is the rate limiting step from a molecular point
of view.
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