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Table S1. Assignment of the vibrational FT-IR bands of the mesoporous silica materials. 

Material νs(C-H) δ(N-H) νas(Si-O-Si) νs(Si-O-Si) δ(O-Si-O) 

MSNP - - 1078 794 456 

MSNP-APTES 2929 1558 1074 795 461 

MSNP-TESPIC 2980; 2931 1574 1074 800 455 

LPMS - - 1076 805 456 

LPMS-APTES 2958 1558 1105 808 471 

LPMS-TESPIC 2989 1541 1103 808 471 

 

 



 
Figure S1. FT-IR spectra of (A) APTES-functionalized and (B) TESPIC-functionalized MSNP and 
LPMS mesoporous silica materials. See the Experimental section for materials abbreviation 
meaning. 

 

 

 

 

 



 

Figure S2. Energy-dispersive X-ray spectroscopy spectra of (A) MSNP, (B) LPMS, (C) MSNP-
APTES, (D) LPMS-APTES, (E) MSNP-TESPIC and (F) LPMS-TESPIC. See the Experimental 
section for materials abbreviation meaning. 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S3. Nitrogen adsorption-desorption isotherms at -196 ºC of (A) MSNP and (B) LPMS 
materials, before and after functionalization. Filled and unfilled symbols represent the adsorption 
and desorption of nitrogen, respectively. See the Experimental section for materials abbreviation 
meaning. 

 

 

 

 

 

Figure S4. Zeta potential values for (A) MSNP-type materials and (B) LPMS-type materials in the 
2-12 pH range. See the Experimental section for materials abbreviation meaning. 

 



 

Figure S5. Hydrodynamic sizes determined by DLS of the (A) MSNP-type and (B) LPMS-type 
materials in the 2-12 pH range. See the Experimental section for materials abbreviation 

meaning. 

 

 



   

 
Figure S6. Precipitation percentage in blank experiments for (A) Ni2+, (B) Fe3+ and (C) Cu2+ 

over the 2-12 pH range. Mean and standard (n=3) are shown. 

 

 

Figure S7. Removal efficiency for methylene blue (5 mg/L) by the mesoporous silica materials 
(0.5 g/L) with contact time of 2 h at room temperature. Mean and standard (n=3) are shown. 

See the Experimental section for materials abbreviation meaning. 
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Figure S8. Effect of contact time on the adsorption of methylene blue (MB) and methyl green 
(MG) (5 mg/L) by MSNP and LPMS materials (1.0 g/L). See the Experimental section for 

materials abbreviation meaning. 

 

 

 

Figure S9. (A) Pseudo-first-order and (B) Pseudo-second-order kinetics model for the 
adsorption of organic dyes (methylene blue MB and methyl green MG) using MSNP and LPMS 

materials. See the Experimental section for materials abbreviation meaning. 

 



 

Figure S10. FT-IR spectra of the as-prepared MSNP material and after adsorption studies with 
methylene blue. 

 

 

Figure S11. SEM micrographs of MSNP material after the first cycle with methylene blue (A) 
and methyl green (B), and after the third adsorption cycle with methylene blue (C) and methyl 

green (D). 


