Distilled water:

When dissolved in distilled water, the surface of the crystal exhibited deep etch pits similar to those described in Liang (1997). The skewed shape of this pit (6c12a-2) is due to two different step velocities. After 30 minutes terraces were visible within these rhombohedral-shaped pits. The surface was covered with pits after one hour of dissolution (7c13a-4). By this time many of the pits had begun to intersect with each other. The corner between the 481- and 441- step edges remained sharp, while there appeared to be a rounding of the opposite corner. This rounding may have been due to the intersection of pits with other pits or with step edges (Liang 1997) or interaction with CO2 due to exchange with the atmosphere, as the presence of CO32- is known to cause pit rounding (Lea, 2001). As time progressed, older pits grew larger and were forced to intersect, while new pits nucleated on the surface and within large pits.

In two separate experiments run in distilled water, a difference in rounding effect was observed after only 15 minutes of dissolution (6c11b-2 and 7c11a-2). Both were dissolved in distilled water for the same amount of time, and the figures are of the same scale [almost]. However, some rounding of the corner between the 481+ and 441+ step directions is visible on pits in figure 7c11a-2, while the same corner in pits shown in figure 6c11b-2 remains straight. This difference became more pronounced as time progressed, as shown in figures 6c13b-1 and 7c13a-2 after one hour of dissolution and figures 6c15a-1 and 7c15b-1 after two hours of dissolution.

Reprecipitation had occurred on the surface after 6 hours of dissolution. Although they are present over the entire surface, these precipitates appear to be clustered mainly within very large (~10-15 um across), deep etch pits (7c16b-2). These pits do not demonstrate rounding of the 481+-441+ corner. However, reprecipitation has somewhat obscured the surface features.

Things to check: sections: actual width, depth; terrace width. 

Zinc solution:

When dissolved in a 2x10E-07 mol/l zinc solution, the crystal surface displayed intersecting deep pits with a well-defined rhombohedral shape. The pits demonstrate the skewed shape caused by the different step velocities (7c21a-2). Differences in terrace width and some rounding of the corner between the 481+ and 441+ steps were visible after one hour (7c23b-4). The rounding shown in this figure is not due to intersection of this pit with another, as this phenomenon is visible on each terrace within the pit. The corner between the 481- and 441- step directions remained straight. After six hours, the largest pits had been nearly obliterated by dissolution (7c26b-2). All pits showed a rounding of the corner between the 481+ and 441+ step edges, while the opposite corner remained straight. Reprecipitation had not yet occurred sufficiently to obscure surface features. However, another set of experiments run under the same conditions produced pits that showed no rounding of their corners even after 2 hours of dissolution (6c25a-1). Although slightly obscured by reprecipitation, etch pits after six hours of dissolution continued to display sharp corners (6c26a-3)

Cadmium solution:

(Overall, comparing 2x10E-07 mol/l Cd (8c3) with 2x10E-05 mol/l Cd (9c3))

More Cd: After 15 minutes of dissolution in the solution of higher Cd concentration, reprecipitation had occurred sufficiently to obscure the edges of deep etch pits. All four corners of the pits shown in 9c31a-8 appear rounded, but this may be due to reprecipitation along the edges. The etch pits are more abundant on this surface as compared to the surface dissolved in a lesser Cd concentration for the same amount of time. The pits appear rounded on each corner, although the rounding is more pronounced on the corner between the 481+ and 441+ step edges. After 2 hours, the reprecipitation has already progressed enough to obscure the surface features (9c35b-1).

Less Cd: Etch pits on crystals dissolved for 15 minutes in a solution of lesser Cd concentration show some rounding of the corner between the 481+ and 441+ step directions. This may be due in part to intersection of pits, but 8c31b-4 shows that rounding has occurred on all terraces within the pit. The rounding effect is less than that of the higher Cd concentration. After 30 minutes, reprecipitation has occurred over the entire surface but appears most pronounced within deep etch pits (8c32a-2). After two hours, older etch pits have grown larger while more have nucleated, and reprecipitation has not yet obscured the surface features (8c35b-2). However, after six hours, only faint outlines of large pits are visible through the precipitates covering the crystal surface.

Lead solution

The dissolution of calcite in a high-concentration (2x10E-05 mol/l) lead solution resulted in many small (~1um across) etch pits (see 9c41a-2). These pits all displayed rounding of all four corners, although this rounding was most pronounced at the corner between the 481+ and 441+ step directions. This corner appeared flattened due to the extent of the rounding. Reprecipitation appeared after 15 minutes of dissolution, although the forms of the surface features were still visible after two hours. Six hours of dissolution resulted in reprecipitation covering the entire surface and obscuring and surface features.

FE-SEM 

Although magnification must be lower to reduce charging effects, uncoated samples provided better results. The FE-SEM allowed for a more clear view of the shape of the precipitates that covered the surface of the crystals after longer periods of dissolution. 

Materials & Methods

-All calcite used in this study was Iceland Spar (from ...). Dolomites were from Eugui, Navarra, Spain and Ojos Negros, Teruel region, Spain. Calcite crystals were cleaved with a razor blade along the (10-14) plane and attached with Crystalbond 509 to glass coverslips.  Fragments were rhombohedral in shape and were approximately 3mm x 3mm. 

-Solutions were created from distilled water and stock solutions of ZnCl2, CdCl2 and PbCl2.  

-The coverslips were then placed in a glass pot containing 100 ml of solution. The pot was covered with parafilm to minimize evaporation, but was otherwise left in equilibrium with the atmosphere and at room temperature. Fragments were removed after discrete timesteps, rinsed with distilled water and dried. Solution was removed approximately proportional to surface area. pH was measured in removed solution to avoid contamination.

1. Introduction

-importance of carbonate rocks

-environmental implications (such as geochemical implications)

-interaction with metals

-previous AFM work (articles)

-previous work with metals (articles)

2. Materials and Methods

-Iceland Spar calcite (find out where it came from)

-Eugui and Oljos Negros dolomite

-cleaved with razor on 10-14

-glued with Crystal Bond to glass slides, placed in pot, 12 crystals at a time

-pot covered with parafilm, in equilibrium with atmosphere, room temperature

-crystals removed after discrete timesteps (for calcite, generally 15 mins, 30 mins, 1 hr, 1.5 hrs, 2 hrs, 6 hrs)

-(dolomite over longer time periods: 24 hrs—week)

-solution removed proportionally to the surface area of the crystals being removed 

-crystal dimensions usually 2-3mm (surface area of crystals loosely measured with ruler and optical microscope)

-pH measured (Get stats of pH meter) from removed solution

-AAS done on removed solutions (get stats of AAS; limits): amounts of Ca (and Mg for dolomite) below detectable limits. Metals measurable if concentration was increased to 2x10E-05 mol/l. Not acidified.

-AFM (Nanoscope IIIa…): In air. Tapping mode. All specimens aligned same way to facilitate comparison.

-FE-SEM (get stats + setup particulars) on coated and uncoated calcite specimens. Uncoated produced better results, as coating tended to blur surface features. However, uncoated surfaces reduced the level of magnification at which clear pictures could be obtained. (but pictures were fairly clear at around the same magnification as the AFM pictures.)

3. Results

3.1 Effect of Zn

-calcite

-dolomite (rough surfaces to start out with) 

-shape of pits (rounding, straight); evolution with time (as compared with water?)

-abundance and size of pits (depth, width; sections); evolution with time (as compared with water?)

-reprecipitation; evolution with time: AFM and FE-SEM

-different metal concentrations (comparisons)

-pH effects (?)

3.2 Effect of Cd

-calcite

-dolomite

-shape of pits (rounding, straight); evolution with time

-abundance and size of pits (depth, width; sections); evolution with time

-reprecipitation; evolution with time: AFM and FE-SEM

-different metal concentrations (comparisons)

-pH effects (?)

3.3 Effect of Pb

-calcite

-dolomite 

-shape of pits (rounding, straight); evolution with time

-abundance and size of pits (depth, width; sections); evolution with time

-reprecipitation; evolution with time: AFM and FE-SEM

-different metal concentrations (comparisons)

-pH effects (?)

4. Discussion

-comparison between metals and between plain distilled water

-comparison between calcite and dolomite (?)

-problems with dolomite (?)

