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 Amoxicillin (AMX) is a highly antibiotic resistance so that many studies focus 

on the removal of AMX in water environment. The present study investigated 

adsorptive removal of beta-lactam antibiotic AMX using a cationic surfactant, 

cetyltrimethylamonium bromide (CTAB) modified nanosilica (CMNS). The 

CTAB adsorption on nanosilica was independent of ionic strength, indicating 

that both electrostatic and hydrophobic interaction induced adsorption. 

Effective conditions for AMX removal using CMNS were systematically studied. 

The AMX removal using 10 mg/ mL CMNS reached 99 % at pH 9. Adsorption 

isotherms of AMX on CMNS at two salt concentrations were in good 

agreement with Langmuir model than Freundlich model. Adsorption isotherms 

at different ionic strengths and the surface modification by Fourier transform 

infrared (FT-IR) spectroscopy demonstrate that AMX adsorption on CMNS was 

mainly controlled by electrostatic interaction. 
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Introduction 

 

Antibiotics are important pharmaceutical products that 

are widely used to treat bacterial infections for both 

people and animals. Nevertheless, residual antibiotics 

in water environment can cause a serious problem due 

to antibiotic resistant bacteria [1]. Therefore, removal of 

antibiotics has attracted numerous studies [2]. Among 

many techniques are used for the removal of 

antibiotics, adsorption is one of the most effective 

method and suitable for developing countries when 

using cheap adsorbents [3]. 

Silica fabricated from rice husk is a low-cost material 

because rice husk is a very common agricultural sub-

product. However, nanosilica rice has low charge 

density material that is low effectiveness in removal of 

charged adsorbate such as antibiotic. Thus, to enhance 

removal efficiency of antibiotic, surface modification of 

structural denaturation is necessary. In our previously 

published papers, we successfully modified nanosilica 

surface by different polycations [3,4], or protein [5] or 

coated with CeO2 [6] to increase the removal of some 

antibiotics from aqueous solutions. 

Amoxicillin (AMX) is one of the most widely used beta-

lactam antibiotic for treating bacterial infections [7].  

Although AMX residual in hospital waste water at ultra-

trace level (part per billion), the influence on antibiotic 

resistance is serious. Due to the complicated structure 

with three pKa values, adsorptive removal of AMX is 

low efficiency when using nanosilica although surface 

modification is applied [8]. Interestingly, the interaction 

between surfactant and AMX can be utilize to enhance 
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its removal. Cationic surfactant, cetyltrimethylamonium 

bromide (CTAB) was used to modify adsorbent for 

treating organic dyes  [9,10]. Nevertheless, CTAB 

modified nanosilica rice husk for AMX removal has not 

been investigated.  

In the present work, we study adsorptive removal of 

AMX using a new adsorbent based on CTAB modified 

nanosilica (CMNS). Adsorption of CTAB on nanosilica 

was investigated to find the suitable condition to 

modify nanosilica surface. Adsorption of AMX on 

CMNS at different pH and adsorbent dosage was 

thoroughly studied. Adsorption isotherms of AMX on 

CMNS at different ionic strengths are fitted by 

Freundlich and Langmuir models. Adsorption 

mechanisms are also suggested on the basis of the 

surface modification by Fourier transform infrared (FT-

IR) spectroscopy and adsorption isotherms. 

 

Experimental 

 

Materials 

 

Nanosilica was fabricated from rice husk according to 

our previously published paper [4]. Amoxicillin 

trihydrate with purity greater than 98% (HPLC grade) 

was purchased from AK Scientific (USA). Cationic 

surfactant, cetyltrimethyl amonium bromide (CTAB) 

with purity > 98 % was supplied by Tokyo chemical 

industry, TCI (Japan). Other chemicals are analytical 

reagents that are delivered from Merck (Germany). All 

solutions which were prepared with pure water from 

the ultrapure water system (Thermo Scientific, USA) 

with a resistivity of 18.2 MΩcm. All solution pH was 

measured using an HI 2215 pH meter (Hanna, USA).  

 

Characterization and analytical methods 

 

The FT-IR spectra were recorded at room temperature 

using Affinity-1S spectrometer (Shimadzu, Kyoto, 

Japan) with a resolution of 4 cm-1. Concentrations of 

CTAB were determined by UV-Vis spectroscopy using 

ion paired formation at a wavelength of 375 nm in the 

presence of 0.2 mL of 0.1% picric acid in 2 mM NaOH 

extracted by 1,2-dichloroethane. All AMX 

concentrations in aqueous solution were also 

quantified by UV-Vis spectroscopy using a 

spectrophotometer (UV-1650 PC, Shimadzu, Japan) at 

a wavelength of 229 nm.  

 

Adsorption studies 

 

All adsorption experiments were carried out in 15mL 

centrifuging tubes at room temperature. Contact time 

of 90 min was kept as for all adsorption studies. The 

influences of pH and adsorbent dosage on AMX 

removal were investigated. Adsorption capacity of 

CTAB onto nanosilica and AMX onto CMNS were 

obtained using Equation (1):  

 (1) 

where Ci is initial concentration (mg/L), Ce is 

equilibrium concentration of CTAB or AMX (mg/L), and 

m (mg/mL) is adsorbent dosage. 

To evaluate AMX removal using CMNS, initial 

concentration of 10 mg/L AMX was fixed while other 

parameters were changed to find optimum conditions. 

The AMX removal using CMNS was calculated by 

Equation (2). 

 (2) 

The adsorption isotherms of AMX on CMNS were fitted 

by Langmuir [11] and Freundlich models [12]. The AMX 

concentration were ranged from 10 to 280 mg/L under 

optimum conditions to find maximum adsorption 

capacity. The linear adsorption isotherm of Langmuir 

and Freundlich models were Equations (3) and (4), 

respectively: 

 (3) 

Lnqe =  LnKF +  LnCe      (4) 

Where qe (mg/g) is the AMX adsorption capacity at 

equilibrium time, qmax (mg/g) is the maximum AMX 

adsorption capacity and KL (L/g) is the Langmuir 

constant while KF (mgn−1Ln/g) is the Freundlich 

constant, and 1/nF is the adsorption intensity. 
 

Results and discussion  

 

Adsorption of CTAB on nanosilica 

 

Adsorption of CTAB on nanosilica was conducted at 

pH 10 in which nanosilica has high negative charge 

while charging behavior of CTAB is independent on 

pH. Figure 1 shows adsorption capacity of AMX on 

nanosilca at two KCl concentrations. 

Figure 1 shows that adsorption isotherms of CTAB 

arenot influenced by ionic strength. Surfactant 

adsorption decreases with increasing ionic strength 

when adsorption is mostly controlled by electrostatic 
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attraction between oppositely charged interaction [13]. 

On the other hand, hydrophobic interaction plays 

important role if surfactant adsorption increases with 

an increase of ionic strength [14]. In our case, CTAB 

adsorption changed insignificantly at 1 and 10 mM KCl, 

indicating that both electrostatic and hydrophobic 

interactions induced adsorption. Adsorption capacity of 

CTAB reached a maximum when CTAB initial 

concentration was 3 mM. To create a high 

performance adsorbent, 3 mM CTAB was selected for 

modification of nanosilica surface. 

 

Figure 1: Adsorption isotherms of CTAB on nanosilica 

at 1 and 10 mM KCl 

 

Adsorption of AMX on CTAB modified nanosilica 

 

Influence of pH 

 

Among many parameters influencing AMX removal, 

pH plays one of the most important role because pH 

strongly affects charging behavior of AMX.  

 

Fig 2: Influence of pH to AMX removal using CTAB 

modified nanosilica (Ci,,AMX = 10 mg/L, adsorbent 

dosage 10 mg/mL, and 1 mM KCl). Error bars show 

standard deviations of three replicates 

Figure 2 indicates that AMX removal using CMNS 

increases with increasing pH because the negatively 

charged AMX species are dominant at high pH while 

surface charge of CMNS is independent on pH. This 

trend is similar to AMX removal using polycation 

modified nanosilica [4]. At pH 10, AMX removal was 

slightly decreased because of silica dissolution at high 

basic media. The highest AMX removal of 99 % was 

achieved at pH 9. Thus, pH 9 is was kept for further 

study. 

 

Influence of adsorbent dosage 

 

The influence of adsorbent dosage is an effective 

parameter because it strongly induces surface area and 

charge density. 

Figure 3 shows that AMX removal grew up dramatically 

with increasing adsorbent dosage from 1 to 10 mg/mL 

due to an increase in total site and charge of CMNS 

[3]. However, AMX removal decreased with a higher 

adsorbent dosage than 10 mg/mL because of the fast 

aggregation of high concentration of nanosilica in the 

presence of organic molecules [15]. The best CMNS 

dosage for AMX removal was found to be 10 mg/mL  

 

Figure 3: Influence of adsorbent dosage to AMX 

removal using CTAB modified nanosilica (Ci,,AMX = 10 

mg/L, pH 9, and 1 mM KCl). Error bars show standard 

deviations of three replicates 

Adsorption isotherms  

Adsorption isotherms are important to evaluate the 

effect of ionic strength. In this study, we use Langmuir 

and Freundlich models to fit adsorption isotherms of 

AMX onto CMNS (Figures 4 and 5).  

Figures 4 and 5 show that both Langmuir and 

Freundlich models can represent AMX adsorption 

isotherms on CMNS. 
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Figure 4: Adsorption isotherms of AMX on CMNS at 

different KCl concentrations fitted by Langmuir model 

 

Figure 5: Adsorption isotherms of AMX on CMNS at 

different KCl concentrations fitted by Freundlich model 

However, Langmuir model achieved a much higher 

correlation coefficient (R2>0.98) than Freundichl model 

(R2 <0.75) at  1 mM KCl. This suggests that AMX 

adsorption on CMNS is followed by monolayer than 

multilayer. Our result is similar to AMX adsorption on 

core-shell CeO2@SiO2 nanoparticles in which 

adsorption isotherm fitted well by Langmuir model [6]. 

The maximum adsorption capacity of AMX on CMNS 

was found by Langmuir model to be 26.32 mg/g that 

was much higher than that of activated carbon 

nanoparticles [16] or organobentonite [17]. It implies 

that CMNS is a novel adsorbent for AMX removal from 

aqueous solution. 

 

Adsorption mechanisms 

 

Adsorption mechanism of AMX on CMNS is proposed 

on the basis of adsorption isotherms and the change in 

functional group by FT-IR spectroscopy. 

Figure 6 indicates FT-IR spectra of nanosilica with CTAB 

modification after AMX adsorption. As can be seen, FT-

IR spectra were similar to the spectra of CMNS in which 

two small peaks at the wavenumbers of 2852 and 2922 

cm-1 assigned for alkyl chain of CTAB molecules did not 

change. On the other hand, a wavenumber at 1477 cm-

1 assigned for –COOH decreased dramatically and a 

boarding peak at 1037 cm-1 for –NH vibration of AMX 

could be clearly seen [18]. 

 

Figure 6: FT-IR spectra of CTAB modified nanosilica 

after AMX adsorption 

It suggests that AMX adsorption on CMNS was 

promoted by the interaction between positively amine 

group of CTAB and carboxyl group of AMX molecule. 

This result agreed well with adsorption isotherms in 

which adsorption decreased with increasing ionic 

strength due to the screened electrostatic attraction 

with an increase in salt concentration. Based on the 

change in functional groups after AMX adsorption and 

adsorption isotherms, we indicate that AMX adsorption 

on CMNS surface is mainly controlled by electrostatic 

interaction and the chemi-adsorption is dominant. 

 

Conclusion 

 

We have investigated adsorptive removal of Amoxicillin 

(AMX) using cationic surfactant CTAB modified 

nanosilica (CMNS). Adsorption of CTAB on nanosilica 

was induced by both electrostatic and hydrophobic 

interactions. The optimum parameters for AMX 

removal using CMNS were pH 9,  adsorbent dosage 10 

mg/mL. Maximum adsorption capacity and removal 

efficiency were found as 26.32 mg/g and 99 %, 

respectively that were much higher than many other 

adsorbents. Adsorption isotherms of AMX on CMNS by 

Langmuir model was better than Freundlich model. 

Based on adsorption isotherm and the change in FT-IR 

spectra of CMNS after AMX adsorption, we 

demonstrate that AMX adsorption on CMNS was 

mainly controlled by electrostatic interaction between 

negatively charged AMX species and positively 

charged CMNS surface. 

 

References 

 

http://doi.org/10.51316/jca.2020.069


Vietnam Journal of Catalysis and Adsorption, 10 – issue 4 (2021) 63-67 

https://doi.org/10.51316/jca.2021.069 

67 

 

1. Tran, N.H.; Reinhard, M.; Gin, K.Y.-H. Occurrence 

and fate of emerging contaminants in municipal 

wastewater treatment plants from different 

geographical regions-a review. Water Res  133 

(2018) 182-207. 

https://doi.org/10.1016/j.watres.2017.12.029 

2. Homem, V.; Santos, L. Degradation and removal 

methods of antibiotics from aqueous matrices – A 

review. Journal of Environmental Management  92 

(2011) 2304-2347. 

https://dx.doi.org/10.1016/j.jenvman.2011.05.023 

3. Truong, T.T.T.; Vu, T.N.; Dinh, T.D.; Pham, T.T.; 

Nguyen, T.A.H.; Nguyen, M.H.; Nguyen, T.D.; Yusa, 

S.-i.; Pham, T.D. Adsorptive removal of cefixime 

using a novel adsorbent based on synthesized 

polycation coated nanosilica rice husk. Progress in 

Organic Coatings 158 (2021) 106361. 

https://doi.org/10.1016/j.porgcoat.2021.106361 

4. Pham, T.D.; Bui, T.T.; Trang Truong, T.T.; Hoang, 

T.H.; Le, T.S.; Duong, V.D.; Yamaguchi, A.; 

Kobayashi, M.; Adachi, Y. Adsorption characteristics 

of beta-lactam cefixime onto nanosilica fabricated 

from rice HUSK with surface modification by 

polyelectrolyte. Journal of Molecular Liquids 298 

(2020) 111981. 

https://doi.org/10.1016/j.molliq.2019.111981 

5. Pham, T.D.; Vu, T.N.; Nguyen, H.L.; Le, P.H.P.; 

Hoang, T.S. Adsorptive Removal of Antibiotic 

Ciprofloxacin from Aqueous Solution Using Protein-

Modified Nanosilica. Polymers (2020) 12, 57. 

6. Pham, T.-D.; Le, T.-M.-A.; Pham, T.-M.-Q.; Dang, 

V.-H.; Vu, K.-L.; Tran, T.-K.; Hoang, T.-H. Synthesis 

and Characterization of Novel Hybridized 

CeO2@SiO2 Nanoparticles Based on Rice Husk and 

Their Application in Antibiotic Removal. Langmuir  

37 (2021) 2963-2973. 

https://10.1021/acs.langmuir.0c03632 

7. Le, T.-H.; Ng, C.; Tran, N.H.; Chen, H.; Gin, K.Y.-H. 

Removal of antibiotic residues, antibiotic resistant 

bacteria and antibiotic resistance genes in 

municipal wastewater by membrane bioreactor 

systems. Water Res  145 (2018) 498-508. 

https://doi.org/10.1016/j.watres.2018.08.060 

8. Putra, E.K.; Pranowo, R.; Sunarso, J.; Indraswati, N.; 

Ismadji, S. Performance of activated carbon and 

bentonite for adsorption of amoxicillin from 

wastewater: Mechanisms, isotherms and kinetics. 

Water Res 43 (2009) 2419-2430. 

       https://dx.doi.org/10.1016/j.watres.2009.02.039 

9. Su, Y.; Zhao, B.; Xiao, W.; Han, R. Adsorption 

behavior of light green anionic dye using cationic 

surfactant-modified wheat straw in batch and 

column mode. Environmental Science and Pollution 

Research  20 (2013) 5558-5568. 

https://10.1007/s11356-013-1571-7 

10. Zhao, B.; Shang, Y.; Xiao, W.; Dou, C.; Han, R. 

Adsorption of Congo red from solution using 

cationic surfactant modified wheat straw in column 

model. Journal of Environmental Chemical 

Engineering  2 (2014) 40-45. 

https://dx.doi.org/10.1016/j.jece.2013.11.025 

11. Langmuir, I. The adsorption of gases on plane 

surfaces of glass, mica and platinum. Journal of the 

American Chemical Society  40 (2018) 1361-1403. 

       https://10.1021/ja02242a004 

12. F., F.H.M. Über die adsorption in Lösungen. Z. Phys. 

Chem. 1906, 57A, 385. 

13. Koopal, L.K.; Lee, E.M.; Böhmer, M.R. Adsorption of 

Cationic and Anionic Surfactants on Charged Metal 

Oxide Surfaces. Journal of Colloid and Interface 

Science 170 (1995) 85-97. 

https://dx.doi.org/10.1006/jcis.1995.1075 

14. Ishiguro, M.; Koopal, L.K. Surfactant adsorption to 

soil components and soils. Advances in Colloid and 

Interface Science  231 (2016) 59-102. 

https://doi.org/10.1016/j.cis.2016.01.006 

15. Čakara, D.; Kobayashi, M.; Skarba, M.; Borkovec, M. 

Protonation of silica particles in the presence of a 

strong cationic polyelectrolyte. Colloids and 

Surfaces A: Physicochemical and Engineering 

Aspects  339 (2009) 20-25. 

https://dx.doi.org/10.1016/j.colsurfa.2009.01.011 

16. Pouretedal, H.R.; Sadegh, N. Effective removal of 

Amoxicillin, Cephalexin, Tetracycline and Penicillin G 

from aqueous solutions using activated carbon 

nanoparticles prepared from vine wood. Journal of 

Water Process Engineering 1 (2014) 64-73. 

https://doi.org/10.1016/j.jwpe.2014.03.006 

17. Zha, S.x.; Zhou, Y.; Jin, X.; Chen, Z. The removal of 

amoxicillin from wastewater using organobentonite. 

Journal of Environmental Management 129 (2013) 

569-576. 

       https://dx.doi.org/10.1016/j.jenvman.2013.08.032 

18. Sevimli, F.; Yılmaz, A. Surface functionalization of 

SBA-15 particles for amoxicillin delivery. 

Microporous and Mesoporous Materials  158, (2012) 

281-291. 

       https://dx.doi.org/10.1016/j.micromeso.2012.02.037 

 

http://doi.org/10.51316/jca.2020.069



