
Supporting Information

Selective adsorption of Cu(II) from aqueous solution by ion 

imprinted magnetic chitosan microspheres prepared from 

steel pickling waste liquor

Yuling Caia,b, Liuchun Zhenga,b *, Zhanqiang Fanga,b **

a School of Chemistry and Environment, South China Normal University, Guangzhou, 

510006, China;

b Guangdong Technology Research Centre for Ecological Management and 

Remediation of Urban Water System, Guangzhou 510006, China

*Corresponding author: Liuchun Zheng

**Corresponding author: Zhanqiang Fang

Correspondence address: School of Chemistry and Environment, South China Normal 

University, Guangzhou Higher Education Mega Center, Guangzhou 510006, P.R. 

China

Tel: +86 20 39313279/39310250 Fax: +86 20 39380187 E-mail address: 

zhqfang@scnu.edu.cn (Zhangqiang Fang); lczhengscnu1@163.com (Liuchun Zheng).

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015

mailto:zhqfang@scnu.edu.cn
mailto:lczhengscnu1@163.com


The Langmuir adsorption isotherm model is the description of monolayer 

adsorption on an energetically uniform surface with finite adsorption sites. The linear 

form of the Langmuir isotherm model is expressed as:
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where Qe and Qm.cal are the adsorption capacity at equilibrium (mg g-1) and the 

theoretical adsorption capacity calculated from Langmuir model (mg g-1), Ce is the 

equilibrium concentration (mg L-1), KL is the Langmuir constant related to the energy 

of adsorption. 

Besides, the constant RL calculated using the Langmuir constant (KL) and the 

initial concentration was related with the degree of suitability of adsorbent towards 

adsorbate. The value of RL indicates the type of the isotherm as follow: RL > 1.0, 

unfavorable; RL = 1.0, linear; 0 < RL < 1.0, favorable; RL = 0, irreversible{Hall, 1966 

#207}. the constant RL can be defined as :
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where C0 was the initial concentration of Cu(II), 350 mg L-1.  

The Freundlich isotherm model is an empirical equation based on the assumption 

of heterogeneous adsorption, which is suitable to describe both monolayer and 

multilayer adsorption. The linear form of the Freudlich isotherm model is described as:
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where KF and n are Freundlich constants (L g-1) adsorption capacity and intensity. 

The Temkin isotherm model assumed that the adsorption energy decreases 



linearly with the surface coverage, which is used to described chemical adsorption. 

The Temkin model is commonly presented as:
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where AT and BT are constants (mg g-1) related to the initial adsorption heat and the 

surface heterogeneity of the adsorbent, respectively. 

The Dubinin-Radushkevich (D-R) isotherm is a semi-empirical equation where 

adsorption follows a pore filling mechanism with multilayer character. It is commonly 

used to distinguish chemical adsorption and physical adsorption. the D-R equation is 

as followed: 
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where K is D-R constant related to average free energy in adsorption process, QDR is 

the theoretical saturation capacity (mg g-1), ε is the Polanyi potential which is defined 

as:
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Gibbs free energy of adsorption ( ) was calculated as follow:0G
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where R was the universal gas constant (8.314 J mol-1 K-1). 

lnK0 was plotted against 1/T to calculate  and  from the slope and 0H 0S

intercept as follow: 
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where  (J mol-1) and  (J mol-1 K-1) were enthalpy and entropy changes, 0H 0S



respectively. 


