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Abstract

Ni(II)-dimethylglyoxime ion-imprinted polymer (Ni(II)-DMG IIP) was encapsulated in polysulphone and electrospun 
into nanofibres with diameters ranging from 406 to 854 nm. The structures of the Ni(II)-DMG encapsulated-IIP nanofi-
bre, non-imprinted encapsulated-polymer nanofibre and polysulphone nanofibre mats were observed by scanning electron 
microscopy and evaluated by infrared spectroscopy. Electrospinning increased the specific surface area of the Ni(II)-DMG 
encapsulated-IIP nanofibre mats, as was evidenced by the low masses of the Ni(II)-DMG encapsulated-IIP nanofibre mats 
used. The accuracy of the method was validated by analysing a custom solution of certified reference material (SEP-3); 
the concentration of Ni(II) obtained was close to the certified one. The limit of detection was found to be 4.0x10-4 µg∙mℓ−1 
while the limit of quantification was found to be 1.2x10-3 µg∙mℓ−1. The recovery of Ni(II) achieved using the Ni(II)-DMG 
imprinted nanofibre mats in water samples was found to range from 83 to 89%, while that of non-imprinted nanofibre mats 
was found to range from 59 to 65%, and that of polysulphone from 55 to 62%.
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Introduction

Contamination of water by heavy metals is a major concern 
around the world (Momodu and Anyakora, 2010; Mansour and 
Sidky, 2002; Rico et al., 1989; Miller et al., 2004; Dhakate and 
Singh, 2008). Heavy metals are ranked high among the most 
important pollutants in natural and treated water resources. 
Though they occur only in trace concentrations (mg∙ℓ−1) in the 
environment, they tend to bioaccumulate in the food chain and 
exert various health effects on humans. There is therefore the 
need for a regular, quick and accurate determination of the 
heavy metals in the environment. The direct quantification of the 
heavy metals in samples has, however, proven to be a challenge 
as their concentrations are usually below the detection limits of 
many analytical instruments. It is therefore important to have 
more rigorous sample pre-treatment methods in order to remove 
complex matrices before analysis. Various pre-concentration 
techniques, such as open beaker acid digestion (Balcerzak, 2002; 
Rechcigl and Payne, 1989), microwave digestion (Rechcigl and 
Payne, 1989; Sarin et al., 2004), slurry techniques (Lima et al., 
2000), chemical precipitation (Massoumi and Hedrick, 1969), 
electro-deposition (Ruotolo and Gubulin, 2002), cementation 
(Chang et al., 2007), ultra-filtration (Hong et al., 1998), ion 
exchange (Shao et al., 1991), activated carbon adsorption (Wilson 
et al., 2006), liquid-liquid extraction (Bhaskara and Reddy, 2002) 
and solid phase extraction (Hennion, 1999) (SPE), have been 
used to abstract trace metals from matrices. These methods have 
the limitation of poor selectivity, as one sorbent normally picks 
up several metal ions at once (Pourreza et al., 2010). SPE can be 
combined with ion-imprinted polymers (IIPs) in order to improve 
selectivity for ions (analytes) of interest from environmental 

samples (Ramakrishnan and Rao, 2006; Otero et al., 2009; 
Romaní et al., 2009; Zhu et al., 2009; Krishna et al., 2004).

Ion-imprinted polymers (IIPs) are highly selective cross-
linked polymeric materials, synthesised by complexing a tem-
plate (metal ion) and a functional monomer in the presence of 
a crosslinker (Nishide et al., 1976). The reaction proceeds via a 
free radical initiator in an appropriate solvent normally referred 
to as a porogen. Removal of the template reveals cavities that 
are complementary in size and charge to the metal of interest. 
The memory is a result of the effect of the size and charge of 
the metal ion that was present in the cavity during polymerisa-
tion. Hence the cavities have a high recognition/selectivity for 
the metal ion only. The functional mechanism is similar to that 
of antibodies or enzymes. However, IIPs have advantages over 
antibodies in that they are cheap to produce and can be used in 
or with a variety of solvents at high temperature, pressure and 
pH conditions which antibodies or enzymes would not tolerate.

However, the imprinted polymers also have limitations; for 
example, the highly cross-linked polymer makes it difficult to 
completely remove the template (template bleeding) (Ki et al., 
2002; Rao and Dave, 1998). There is also a challenge  of slow 
rebinding due to the fact that most of the imprinted sites are 
not always on the surface (Carter and Rimmer, 2002; 2004). 
Therefore it is essential to introduce nanotechnology and 
surface chemistry into imprinted polymers (Xie et al., 2006; 
2008). Nanomaterials are becoming popular in sample prepara-
tion techniques because of their small size, which enables them 
to be used in preference to bulk materials (Yoshimatsu et al., 
2008a; Chronakis et al., 2006a, 2006b; Flavin and Resmini, 
2009; Duan et al., 2008; Lehmann et al., 2002). There are 
several methods that can be used to introduce the IIPs into 
nanomaterials. These include nanomoulding, which is used 
to produce imprinted nanowires (Yang et al., 2005), prepara-
tion of surface-imprinted nanowires, which is used to produce 
imprinted nanotubes (Xie et al., 2006), and electrospinning, 
which is used to incorporate imprinted nanoparticles into 

http://dx.doi.org/10.4314/wsa.v37i4.12
mailto:modiserammika@yahoo.co.uk

