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1. Experimental Details for Figures in Paper 

Note: pH values mentioned are all measured before 3 mL dye or water addition. Where not further 

specified, the structures were grown using the standard conditions specified in the Experimental 

Procedure section of the paper. This includes standard concentrations of 20.2 mM BaCl2 and 0.25 mM 

AO7, and growth for 1.5 hours. 

Figure 1. Effect of AO7 on the growth of witherite crystals. Pure witherite crystals were grown in 

absence of AO7 for 1.5 h at a starting pH of 11.8. Witherite crystals in presence of AO7 were grown 

with the respective AO7 concentration in the reaction solution (0.25 or 0.75 mM) for 1.5 h at a starting 

pH of 11.8. 

Figure 2. Blocking effect of AO7 on the growth of witherite. SEM images of different structures (A, 

B, C, D) were taken after 10 min growth of witherite in presence of 0.25 mM AO7 with a starting pH 

of 11.8 (1). After subsequent growth for another 10 min in the absence of AO7 and with a starting pH 

of 11.8, the same structures were re-imaged (2).  

Figure 3. Variation of morphological features displayed by witherite crystals grown in the 

presence of AO7. B) Witherite crystal grown in absence of AO7 for 45 min with starting pH of 11.8, 

and then in presence of 0.25 mM AO7 for 45 min at a starting pH of 12.3. C) SEM images were taken 

of crystals grown from cross-growth experiments: First, pure witherite was grown at a starting pH of 

11.8 for 45 min. Consecutively, witherite in presence of AO7 was grown with a tilted meniscus, so a 

cross of structures with an intersection of both growth phases was formed. The second growth phase 

also proceeded for 45 min and a different starting pH (11.3, 11.8, 12.1) was chosen for each 

experiment. The images were rotated to fit the figure layout.  

Figure 4. Effect of different parameters on the segmentation frequency and plate shape of 

witherite structures grown in presence of AO7. A) The segmentation frequency per µm was 
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determined from SEM images of the different cross-growth experiments and is only an approximate 

value, as it changes throughout the structure and is difficult to count. The structures for pH 11.3 grew 

at depths of -0.2, -0.4, -0.6, and -1.4 mm from the meniscus, the structures of 11.8 grew at 0.0, -0.2, 

and -0.4 mm, and the structures of pH 12.1 at -0.8, -1.0, and -1.2 mm solution depth. The sulfur 

content was measured via EDS. B) The EDS values of three structures of the respective cross-growth 

experiment were taken at each depth. Structures deeper than -1.4 mm from the meniscus are not 

included, because the values become too inaccurate for comparison due to less growth on the 

witherite seed, which cannot selectively be excluded from the measurements. 

Figure 5. Multi-layered strontium carbonate structures. The strontium carbonate structures were 

grown from a solution of 21 mM SrCl2 and 0.25 mM AO7 with a starting pH of 11.9 for 1.5 h. 

 

2. Structures Grown in Presence of AO7 

When AO7 is added to the normal witherite growth, some different types of structures in addition 

to the ones shown in the paper are found. Shorter segmented structures with plate diameters of 4 to 

10 µm, depending on the AO7 concentration, are also present, especially close to the meniscus (SI 

1.2). At the higher AO7 concentrations, ≥ 0.5 mM, these shorter structures are also clearly spherulitic, 

as their plates do not only branch at an angle, but the entire shape is close to spherical.  

Scooping out crystals from the solution at the meniscus provides some evidence that the larger 

structures shown in the paper might have grown at the air interface and fallen onto the substrate 

during growth or termination of the experiment. This was an additional reason to conduct further 

experiments with pre-grown seeds, to ensure the structures did actually grow at the location they are 

examined at. 

At concentrations of 0.75 mM AO7 and higher, additional needle-shaped crystals are found deeper 

in the solution (SI 1D4, SI 2). At 1 mM AO7, those needle-shaped crystals prevail, and only few other 

structures are found. The needle structures exhibit a ratio of close to 2:1 dye:Ba as determined by 

EDS.  

No needle-shaped crystals were formed with strontium carbonate when using concentrations of 

up to 3 mM AO7. 
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SI 1. Overview of witherite structures grown in presence of AO7. The structures were grown for 1.5 h at a starting pH of 

11.8 before dye addition and subsequently imaged with SEM. A) 0.00 mM AO7, B) 0.25 mM AO7, C) 0.50 mM AO7, D) 0.75 

mM AO7. 1) Surface of large structures found deeper in solution. 2) Small structures found close to meniscus. 3) Large 

structures found deeper in solution. 4) Large needle crystal. 

 

 

SI 2. Optical microscopy image of witherite structures grown in presence of AO7. The structures were grown from an 

aqueous solution of 0.75 mM AO7 and 20.2 mM BaCl2 with a starting pH around 11.8 before dye addition for 1.5 hours. 

A) Large needle crystals. B) Large segmented spherulitic structures. C) Smaller segmented plate stacks or individual plates. 
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3. Limiting CO2 Influx 

The CO2 influx into the solution was varied by adjusting the experimental set-up. The beaker in 

which the reaction proceeded was either sealed with a septum, sealed with parafilm, covered with a 

Petri dish (control), or left open. All solutions were prepared under N2 atmosphere. The segmentation 

of the structures grown from solutions where the CO2 influx was limited by parafilm or a septum is 

greatest (SI 3). Both the control reaction and the open beaker lead to a similarly low segmentation 

frequency. The segmentation progression of structures deeper in the solution is different, however. 

For the control experiment, the plate shape progresses to stars and hexagons with very thin segments 

for structures deeper in the solution. The segmentation in the open beaker experiment, on the other 

hand, remains rather chunky and only slightly transitions to star shapes. Therefore, the effect of AO7 

is least pronounced for the open beaker experiment. These results confirm that the effect of AO7 on 

the segmentation frequency is magnified by a lower witherite growth rate. 

 

 

SI 3. Comparison of segmentation frequency of structures grown with different CO2 influx. SEM images of structures grown 

at a similar solution depth were taken from four different cross-growth experiments. First, pure witherite seeds were grown 

for 45 min with a starting pH of 11.8. Subsequently, witherite in presence of AO7 was grown with a tilted meniscus and the 

CO2 influx was limited to different degrees by using an open system, a Petri dish and open beaker spout, parafilm, or a septum. 

The growth of the second phase was conducted at a starting pH of 11.8 before dye addition. 

 

4. Relation of Sulfur Content to Segmentation Frequency and Plate Shape 

Due to the plate shape being linked to the dye content and segmentation frequency, we expect 

that structures of similar dye content should be of a similar appearance across experiments. This is 

indeed observed (SI 4).  
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SI 4. Structures of similar dye contents are of similar appearance across cross-growth experiments. SEM images of different 

structures of the same dye content (3.6 and 7.2 at. % S) are compared, details of pH of the cross-growth experiment and 

solution depth are noted in the images. 

 

5. Additional Mechanistic Clues 

The structure or plate diameter progression does not appear to be linked to any of the other 

morphological features. Instead, the greatest plate diameter is achieved at a certain solution depth, 

which slightly varies across experiments. Above and below this depth, the radius of the structures 

decreases gradually. Due to this, we hypothesize that the plate diameter is determined by the 

combination of seed density and local supersaturation. 

In accordance with dendritic growth, the corners of the pseudohexagonal witherite shape 

transform into the six arms of the star shapes (SI 5A). For some structures, not only the overall shape, 

but also the surface texture is dendritic (SI 5B&C). The overall appearance of the six distinct arms for 

the star shapes likely stems from the corners preferred by diffusion “swallowing” the smaller arms 

growing from areas between these corners over time (SI 5D). 

The surface texture of the (001) faces grown in the cross-growth experiments changes from 

smooth and crystalline for strictly hexagonal plates, to a somewhat flaky appearance for roughly 

hexagonal and round structures (SI 5E, SI 6). This amorphous appearance may stem from very thin 

crystalline layers unable to attain their equilibrium hexagonal shape due to the barium carbonate 

scarcity at this low solution depth (SI 5F). 
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SI 5. Close-up SEM images revealing mechanistic clues. A) Witherite crystal grown in absence of AO7 for 45 min with starting 

pH of 11.8, and then in presence of 0.25 mM AO7 for 45 min at a starting pH of 12.0. B) Witherite crystal grown in absence 

of AO7 for 45 min with starting pH of 11.8, and then in presence of 0.25 mM AO7 for 45 min at a starting pH of 11.8. C) 

Witherite crystal grown in presence of 0.25 mM AO7 with a starting pH of 11.8 and for 45 min. D) Witherite crystal grown in 

presence of 0.25 mM AO7 with a starting pH of 11.8 (before dye addition) and for 45 min. E) + F) Witherite crystal grown 

deep in the solution in absence of AO7 for 45 min with starting pH of 11.8, and then in presence of 0.25 mM AO7 for 45 min 

at a starting pH of 11.8.  

 

 

SI 6. Schematic representation of the effect of different parameters on the morphological features (segmentation 

frequency, face shape, apparent surface texture) of witherite structures grown in presence of AO7. 
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The segmented growth occurs relatively fast. Plate stacks are already found after 10 min growth 

time. SEM micrographs at different time points show that these stacks continue growth in height (c-

direction) as well as diameter with extended growth time (SI 7). 

 

 

SI 7. Observing the growth of witherite in the presence of AO7. SEM images of different structures (A, B, C) were taken after 

10 min growth of witherite in presence of 0.25 mM AO7 (1). After subsequent growth for another 10 min in presence of AO7, 

the same structures were reimaged (2). The structures grow both in plate diameter and in height in c-direction. 

 

Gradual increase of segmentation with increasing solution depth is also observed for structures 

grown in presence of AO7 without pure witherite seeds (SI 8). At relative depths ≥ -0.8 mm, 

considerable small-angle branching in the c-plane is observed, while plates of higher structures still 

appear well aligned crystallographically.  

 

 

SI 8. SEM images of witherite crystals grown in presence of 0.25 mM AO7 with a starting pH of 12.3 before dye addition. 

The growth was terminated after 45 min. The numbers in the images describe the distance of the structures relative to the 

first one in mm, going deeper in the solution perpendicularly from the meniscus. Note that the structures found deeper in the 

solution clearly exhibit small-angle branching, with the ones around -1.8 mm being of an almost complete spherulite shape. 


