Synthesis of silver impregnated carbon nanotubes and
cyclodextrin polyurethanes for the disinfection of water
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Abstract
Silver impregnated carbon nanotubes and cyclodextrin polymers were synthesised by first functionalising carbon nanotubes
in a mixture of nitric and sulphuric acid before impregnating them with silver nanoparticles. The silver impregnated functionalised carbon nanotubes were then polymerised with β cyclodextrin using hexamethylene diisocyanate as the linker. The
polymers were characterised using various techniques. The polymers were then tested for their ability to destroy bacteria
in water and were found to reduce bacterial cell counts in water spiked with E. coli (ATCC 25925) to as low as zero cfu/mℓ.
Furthermore, the polymers could absorb 58% of para-nitrophenol from water spiked with this organic compound, which is a
known pollutant in water.
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Introduction
Safe drinking water is one of mankind’s most basic needs. The
South African Constitution defines access to safe drinking water
as a basic human right; therefore we cannot overemphasize the
importance of access to safe drinking water for humans. Safe
drinking water is defined as water that does not pose a health risk
to consumers (Momba and Brouckaert, 2005). The World Health
Organisation (WHO) defines safe drinking water as water that
has chemical, microbial and physical characteristics that comply
with both WHO and national standards. Bacterial contamination
of water is a public health concern because it causes numerous
diseases and some aesthetic problems such as malodour in water.
Organisms such as Escherichia coli, Shigella spp., Salmonella
spp., Vibrio spp., and Cryptosporidium are known to be transmitted by water and cause ill health in communities consuming
water contaminated by bacteria.
Water treatment methods currently employed in South
Africa have their drawbacks. Chlorine is the most widely used
disinfectant (Genthe and Kfir, 1995), but chlorine reacts with
water to form hypochlorous acid which in turn can react with
natural organic matter (NOM) such as humic acid and fulvic
acid to form disinfection by-products (DBPs). These byproducts include trihalomethanes (THMs), polychlorinated
biphenyls (PCBs) and other halogenated hydrocarbons (Genthe
and Kfir, 1995). Some of these halo-hydrocarbons are known
carcinogens and endocrine disruptors and are difficult to
remove from water. Also, the detection of organics, microorganisms and other pollutants in distribution systems have
proven that there is a need for the introduction of better water
treatment methods that will ensure that water supplied to
communities is of high quality (Schutte and Focke, 2007).
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Silver has a long history of use in medicine as antimicrobial
agents (Yoon et al., 2007). Ancient Egyptians used silver vessels
to keep wine, water and vinegar for purification (Shashikala et
al., 2007). The antimicrobial activity of silver ions involves their
interaction with the –SH group in bacterial enzymes (Wilks et
al., 2005) and produces structural changes to the cell membranes
of bacteria (Alcamo, 2001). Studies conducted on bacterial cells
exposed to silver showed cell damage consistent with cell membrane damage (Brook et al., 2007). Silver deposited on carbon
surfaces has been proven to have strong antibacterial action.
Electrodeposited silver on activated carbon was shown to reduce
viable bacteria in water by up to 7 log (Ibarra et al., 2007).
Carbon nanotubes and cyclodextrin polymers synthesised
in our laboratories have the capability to remove organic pollutants from water (Salipira et al., 2007). The aim of this study
was to prepare dual functional polymers to remove organic
pollutants from water and destroy bacteria. This was done by
impregnating the polymers with the antimicrobial metal, silver.

Methods
Functionalisation of multiwalled carbon nanotubes
(MWNT)
Multiwalled CNTs (1 g) from SunnanoTM were oxidised using
a mixture (40 mℓ) of nitric acid (HNO3) and sulphuric acid
(H2SO4) at a 1:3 ratio for 30 min to incorporate carboxyl
(–COOH) and hydroxyl (–OH) groups onto the MWNT. The
mixture was then diluted with distilled water and filtered using
a PTFE filter membrane (0.47 μm). The MWNTs were dried in
a desiccator at room temperature overnight and characterised
using FT-IR spectroscopy.
Synthesis of silver nanoparticles on functionalised
MWNTs
Aqueous solutions containing AgNO3, (0.01M) polyvinylpyrrolidone (PVP) (20mM) and ethanol were stirred at 50ºC for 2 h
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