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Fig. S1. Wireframe model of the minimum energy structure of [Al2O6H9Cl2]1+ and 
[Al2O4H4Cl]1+.  
 
 

         
 
Fig. S2. Wireframe model of the minimum energy structure of [Al3O7H9Cl3]1+ from two 
different angles.  
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Fig. S3. Wireframe model of the minimum energy structure of [Al3O5H3Cl]1+.  
 
 
 

      
 
Fig. S4. Wireframe model of the minimum energy structure of [Al4O8H9Cl4]1+ from two 
different angles.  
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Fig. S5. Wireframe model of the minimum energy structure of [Al4O6H5Cl4]1+ from two 
different angles. 
 
 
 

  
 
Fig. S6. Wireframe model of the minimum energy structures of [Al4O5H3Cl4]1+ and 
[Al4O4HCl4]1+.  
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Table S1. Geometrical properties of minimum energy structures shown in Fig. S1-S6. 

 

[Al2O6H9Cl2]1+ [Al2O4H4Cl]1+ [Al3O7H9Cl3]1+ [Al3O5H3Cl]1+ [Al4O8H9Cl4]1+ [Al4O6H5Cl4]1+ [Al4O5H3Cl4]1+ [Al4O4HCl4]1+ 
Bond length  Bond length  Bond length  Bond length  Bond length  Bond length  Bond length  Bond length 
RAl1-O7 
RAl1-Cl9 
RAl1-O5 
RAl1-O10 
RAl1-O3 
RAl2-O6 
RAl2-O3 
RAl2-O10 
RAl2-Cl8 
RAl2-O4 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

1.96 
2.17 
1.81 
1.87 
1.95 
1.95 
1.92 
1.85 
2.17 
1.87 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

RAl1-Cl7 
RAl1-O5 
RAl1-O4 
RAl1-O3 
RAl2-O5 
RAl2-O4 
RAl2-O3 
RAl2-O6 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

2.06 
1.87 
1.88 
1.87 
1.88 
1.88 
1.88 
1.66 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

RAl3-O7 
RAl3-O9 
RAl3-O1 
RAl3-Cl13 
RAl3-O6 
RAl4-O7 
RAl4-O9 
RAl4-O12 
RAl4-Cl11 
RAl4-O8 
RAl5-O6 
RAl5-O8 
RAl5-Cl10 
RAl5-O2 

RH17-O2 
- 
- 
- 
- 
- 

1.86 
1.90 
1.95 
2.17 
1.86 
1.85 
1.91 
1.94 
2.17 
1.86 
1.85 
1.86 
2.10 
1.75 
1.68 

- 
- 
- 
- 
- 

RAl1-Cl7 
RAl1-O5 
RAl1-O6 
RAl1-O9 
RAl2-O5 
RAl2-O6 
RAl2-O9 
RAl2-O4 
RAl3-O4 
RAl3-O9 
RAl3-O8 

- 
- 
- 
- 
- 
- 
- 
- 
- 

2.06 
1.92 
1.96 
1.79 
1.85 
1.84 
1.98 
1.71 
1.76 
1.79 
1.67 

- 
- 
- 
- 
- 
- 
- 
- 
- 

RAl8-O12 
RAl8-O13 
RAl8-O14 
RAl8-O5 
RAl8-Cl4 
RAl7-O6 
RAl7-O10 
RAl7-O11 
RAl7-O14 
RAl7-Cl3 
RAl9-O11 
RAl9-O12 
RAl9-O14 
RAl9-O16 
RAl9-Cl1 

RAl15-O10 
RAl15-O13 
RAl15-O14 
RAl15-O16 
RAl15-Cl2 

1.84 
1.84 
1.86 
2.01 
2.18 
1.92 
1.87 
1.87 
1.92 
2.16 
1.87 
1.91 
1.99 
1.87 
2.14 
1.87 
1.91 
1.99 
1.87 
2.14 

RAl1-O5 
RAl1-O7 
RAl1-O8 
RAl1-Cl10 
RAl2-O8 
RAl2-O9 
RAl2-O14 
RAl2-Cl11 
RAl3-O6 
RAl3-O7 
RAl3-O9 
RAl3-Cl12 
RAl4-O5 
RAl4-O6 
RAl4-O7 
RAl4-O14 
RAl4-Cl13 

- 
- 
- 

1.82 
1.79 
1.88 
2.08 
1.85 
1.85 
1.82 
2.09 
1.82 
1.79 
1.87 
2.08 
1.94 
1.94 
1.93 
1.91 
2.12 

- 
- 
- 

RAl1-O5 
RAl1-O6 
RAl1-O7 
RAl1-Cl9 
RAl2-O5 
RAl2-O6 
RAl2-O8 
RAl2-Cl10 
RAl3-O5 
RAl3-O8 
RAl3-O12 
RAl3-Cl11 
RAl4-O6 
RAl4-O7 
RAl4-O12 
RAl4-Cl13 

- 
- 
- 
- 

1.83 
1.92 
1.83 
2.07 
1.93 
1.83 
1.83 
2.07 
1.81 
1.86 
1.87 
2.07 
1.81 
1.86 
1.87 
2.07 

- 
- 
- 
- 

RAl1-O2 
RAl1-O4 
RAl1-O7 
RAl1-Cl9 
RAl3-O2 
RAl3-O4 
RAl3-O8 
RAl3-Cl11 
RAl5-O4 
RAl5-O7 
RAl5-O8 
RAl5-Cl12 
RAl6-O2 
RAl6-O7 
RAl6-O8 
RAl6-Cl10 

- 
- 
- 
- 

1.89 
1.89 
1.89 
2.06 
1.84 
1.84 
2.03 
2.06 
1.84 
1.84 
2.03 
2.06 
1.84 
1.84 
2.03 
2.06 

- 
- 
- 
- 


