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Abstract

Introduction

In this work, we report the synthesis of acrylic-based β-cyclodextrin (-CD-Ac) monomers and their free radical polymerization. β-CD-Ac was synthesized by reacting -CD

and acryloyl chloride and subsequently was polymerized using azobisisobutyronitrile (AIBN). Both monomer and polymer products were characterized via 1H-NMR and

Solid-State NMR, respectively. The crosslinked polymer was prepared as a potential adsorbent system to tackle the problem of pharmaceutical residuals in the water.

Hence, the capacity of the system was tested against the Metoprolol drug and was evaluated as a function of kinetics, the mass of adsorbent, PH, and concentration.

Metoprolol (MTP), a frequently employed sympathetic blocking agent

(as depicted in Figure 1), serves as a therapeutic agent for the

management of elevated blood pressure and a spectrum of

cardiovascular disorders. The pervasive presence of MTP in aquatic

ecosystems can be attributed to its inherent resistance to hydrolysis and

extensive utilization, rendering it a recurrent environmental

contaminant. As a consequence of its deleterious implications for both

ecological well-being and human health, it is imperative to effectuate

the removal of this pollutant from wastewater streams prior to their

discharge into ecosystems or aquatic bodies [1–4]. Hence, an

adsorption system based on β-CD polymer is developed for the removal

of MTP from water.

References
[1] D.B. Huggett, I.A. Khan, C.M. Foran, D. Schlenk, Determination of beta-adrenergic receptor blocking pharmaceuticals in United States wastewater effluent, Environ Pollut. 121 (2003) 199–205. https://doi.org/10.1016/s0269-
7491(02)00226-9.
[2] F.J. Rivas, O. Gimeno, T. Borralho, M. Carbajo, UV-C radiation based methods for aqueous metoprolol elimination, Journal of Hazardous Materials. 179 (2010) 357–362. https://doi.org/10.1016/j.jhazmat.2010.03.013.
[3] T. Deblonde, C. Cossu-Leguille, P. Hartemann, Emerging pollutants in wastewater: A review of the literature, International Journal of Hygiene and Environmental Health. 214 (2011) 442–448. 
https://doi.org/10.1016/j.ijheh.2011.08.002.
[4] M.B. Ahmed, J.L. Zhou, H.H. Ngo, W. Guo, Adsorptive removal of antibiotics from water and wastewater: Progress and challenges, Science of The Total Environment. 532 (2015) 112–126. 
https://doi.org/10.1016/j.scitotenv.2015.05.130.
[5] M. Slavkova, D. Momekova, B. Kostova, G. Momekov, P. Petrov, Novel dextran/β-cyclodextrin and dextran macroporous cryogels for topical delivery of curcumin in the treatment of cutaneous T-cell lymphoma, Bulgarian 
Chemical Communications. 49 (2017) 792–799.

β-CD monomer was prepared following the procedure described in the

work by Slavkova et al. [5] which then polymerizaed via free radical

polymerization. Both products of the monomer and polymer reaction

were characterized by Solid-State NMR. Consequently, the adsorbent

system was tested against MTP drug and was evaluated as a function of

kinetics, the mass of the adsorbent, PH, and concentration. Finally, the

data from adsorbent batches were analyzed and fitted to adsorption

models of kinetics and isotherm.

Methodology

The PH studies showed that the adsorbent system has a wide working

PH, reaching removal efficiency of about 100% from 6 – 11 PH. The

isotherm was fitted best to the Freundlich model, suggesting multilayer

adsorption and a heterogeneous adsorption system (Figure 2). The

adsorption capacity in kinetics studies reached equilibrium at 20 min

with about 23 mg/g, and was fitted to the pseudo-second order

adsorption model which indicates that the nature of the adsorption is

more of a chemisorption rather than physisorption (Figure 3).

Results and discussion
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Figure 1. Metoprolol Structure

0

2

4

6

8

10

12

14

16

18

20

0 20 40 60 80 100 120 140 160 180 200

Ad
so

rp
tio

n 
ca

pa
ci

ty
 

qe
 (m

g/
g)

Concentration 
Ce mg/L

R squared = 0.92

Freudlich model

Experimental data

Figure 2. Adsorption isotherm study
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Figure 3. Adsorption kinetics study


