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Abstract
The prevalence of toxic contaminants in water remains a huge challenge for water-supplying companies and municipalities. Both organic and inorganic (especially heavy metals) pollutants are often present in water distribution networks. The
presence of these contaminants in drinking water poses a major risk to human health. Organic and inorganic pollutants
often co-occur in drinking water networks. However, at present there is no water treatment intervention that simultaneously
removes both organic and inorganic pollutants from water to desirable levels. In our laboratories, recent studies have shown
that both functionalised and un-functionalised cyclodextrin (CD) polymers are capable of removing organic pollutants from
water, with the functionalised CD polymers showing an enhanced absorption capability. Ionic liquids (ILs), on the other
hand, have been reported to absorb heavy metals from aqueous media. In this paper, we report on the synthesis of several
cyclodextrin-ionic liquid (CD-IL) polymers, a dual system capable of removing both organic and inorganic pollutants from
water. This system has been tested and has proved to possess excellent capabilities for the removal of model pollutants such
as p-nitrophenol (PNP), 2,4,6-trichlorophenol (TCP) and chromium (Cr6+) from aqueous media.
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Introduction
Organic and inorganic water pollutants pose a major threat to
human health even when present at low concentrations. For
instance, because organic pollutants persist in the environment
for long periods of time, they can be absorbed by plants thereby
finding their way to poisoning the food chains of living organisms (Oleszczuk et al., 2004). They have also been linked to
adverse human effects such as cancer, nervous system damage,
reproductive disorders, as well as the disruption of the immune
system (EPA, 2006). Also, organic contaminants released in
one part of the world can be transported globally via oceans
and atmospherically, and their effects can be felt in regions
which are distant from where they originate.
On the other hand, inorganic pollutants, particularly heavy
metals such as lead, cadmium, mercury and silver, have been
reported to be toxic and even lethal to the human body, especially the central nervous system (Morales et al., 1999). These
metals have a great affinity for sulphur and hence attack the
sulphur bonds of enzymes causing them to malfunction (Lewis
et al., 2001; Morales et al., 1999). One of the primary sources of
heavy metal pollution in developing countries is industrial discharge. Taking into consideration the toxicity and the bioaccumulation of organic and inorganic pollutants, even in drinking
water networks, a technique that can simultaneously remove
both inorganic and organics from water needs to be developed.
In this paper, we thus report on a technique that utilises cyclodextrin-ionic liquid (CD-IL) polymers for the simultaneous
quenching of these pollutants from drinking water.
Cyclodextrins (CDs), first discovered by Villiers in 1891,
are cyclic oligomers formed by the enzymatic hydrolysis of
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starch by Bacillus macerans (Szeitjli, 1998). The three most
commonly known CDs contain 6 (α), 7 (β) and 8 (γ) glucose
units which are linked together by α-(1,4) linkages (Bender and
Komiyana, 1978). Liu et al. (2003) reported that CDs have a
non-polar cavity which provides a micro-environment for the
encapsulation of non-polar, low molecular weight compounds
(formation of an inclusion complex) (Scheme 1).
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Scheme 1
An illustration of the inclusion complex phenomenon

However, CDs are slightly soluble in water which limits
their sole application for water treatment purposes. This necessitates the functionalisation and, in particular, polymerisation
of the parental CDs with suitable bi-functional linkers such as
hexamethylene diisocyanate (HDI) and toluene diisocyanate
(TDI) to make them insoluble (Li and Ma, 1999). These waterinsoluble cyclodextrin polymers have been successfully synthesised in our laboratories and have been found to be effective in
the absorption of organic pollutants at very low (ng∙ℓ-1) concentrations (Mhlanga et al., 2007; Mamba et al., 2007). Also,
mono-functionalised insoluble CD polymers were found to
be effective in the removal of toxic phenolic compounds from
the aqueous media at very low concentrations (Mamba et al.,
2007). Trichloroethylene was removed to non-detectable levels
whilst PNP was removed from a 10 mg∙ℓ-1 spiked water sample
with a removal efficiency of 99% (Salipira et al., 2007). During
functionalisation, incorporation of specific functional groups
can decrease the solubility of CDs, increase their stability in
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