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S1 Main characteristics of methylene blue, enrofloxacin and halloysite nanoclay used 

in this study  

The antibiotic enrofloxacin (ENRO, C19H22FN3O3, M.W.= 359.39 g/mol) and meth-

ylene blue (MB, C16H18CIN3S•2H2O, M.W. = 373.90 g/mol) are characteristic molecules in 

the class of antibiotics and dyes, respectively. Enrofloxacin (ENR) is a fluoroquinolone 

antibiotic being widely used in veterinary medicine. It has antibacterial activity against a 

broad spectrum of Gram-negative and Gram-positive bacteria, effective against a plethora 

of diseases. Methylene blue is a salt used as a dye and medication, being classified as a 

thiazine dye. Halloysite (Al2(OH)4Si2O5•nH2O) is a natural aluminosilicate nano-clay min-

eral (HNC), that has tubular structure and usually is occurs through intermix with other 

clay-minerals (e.g. kaolinite, montmorillonite, etc.). Each halloysite layer consists of tetra-

hedral (Si–O) and octahedral (Al–OH) sheets and one alumina octahedron sheet. Hal-

loysite nanotubes have a wall thickness of 10–15 atomic aluminosilicates sheets, outer di-

ameter of 50–60 nm, inner diameter 12–15 nm and length 0.5–10 μm. The outer surface is 

usually covered by the tetrahedral Si–O and the inner by the octahedral Al–OH and hence 

the two surfaces bear opposite charge.  

The molecular structure and the main physicochemical properties of enrofloxacin, 

methylene blue and halloysite nanoclay are shown in Table S1. Moreover, for the High-

Resolution Transmission Electron Microscopy (HR-TEM) images for HNC, TEM JEOL 

2100 microscope (200 kV) was used (Figure S1).  

Table S1. Molecular structure and physicochemical properties of MB and ENRO. 

. Methylene blue Enrofloxacin 
Halloysite nanoclay 

CAS No. 122965-43-9 93106-60-6 1332-58-7 

Formula C16H18ClN3S C19H22FN3O3 Al2(OH)4Si2O5·2H2O 

Molecular weight 373.90 g/mol 359.39 g/mol 294.19 g/mol 

Melting point 100-110 oC 225 oC - 
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Solubility in water 43.6 mg/mL 150 μg/mL - 

Relative density - - 2.53 g/cm3 

Molecular 

structure 
 

 

 

 

. 

Figure S1. High-Resolution Transmission Electron Microscopy (HR-TEM) image for HNC. 

S2 Point of zero charge      

. 

Figure S2. ΔpH versus pHi for HNC. 
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S3 ATR/FTIR  

Figure S3. The ATR/FTIR spectrum of halloysite in the spectral region 500–4000 cm−1. 

S4 Kinetic data analysis for the single system 

The pseudo first order model for ENRO and MB:  

 



Nanomaterials 2021, 11, x FOR PEER REVIEW 4 of 11 
 

 

 

Figure S4. Pseudo-first order reaction kinetics for the adsorption of ENRO (a) and MB (b) on HNC 

in the single system. 

The pseudo second order model for ENRO and MB:  
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Figure S5. Pseudo-second order reaction kinetics for the adsorption of ENRO (a) and MB (b) on 

HNC in the single system. 
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The Elovich model for ENRO and MB:  

 

 

Figure S6. Elovich kinetic parameter for the adsorption of ENRO (a) and MB (b) on HNC in the 

single system. 
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The Weber–Morris intra-particle diffusion model for ENRO and MB:  

 

 

 

Figure S7. Intra-particle diffusion model curves for the adsorption of ENRO (a) and MB (b) on HNC, 

for the single system. 
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S5 Kinetic data analysis for the binary system 

The pseudo first order model for ENRO and MB:  

 

 

Figure S8. Pseudo-first order reaction kinetics for the adsorption of ENRO (a) and MB (b) on HNC 

in the binary system. 
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The pseudo second order model for ENRO and MB:  

 

 

Figure S9. Pseudo-second order reaction kinetics for the adsorption of ENRO (a) and MB (b) on 

HNC in the binary system. 
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The Elovich model for ENRO and MB: 

  

 

Figure S10. Elovich kinetic parameter for the adsorption of ENRO (a) and MB (b) on HNC in the 

binary system. 
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The Weber–Morris intra-particle diffusion model for ENRO and MB:  

 

 

Figure S11. Intra-particle diffusion model curves for the adsorption of ENRO (a) and MB (b) on 

HNC, for the binary system. 

 

 


