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Abstract

The World Health Organization recognizes heavy metal toxicity arising from contam-
inated water supplies as a significant challenge affecting millions of people worldwide,
especially in rapidly developing economies of Asia. The maximum permissible limit for
heavy metals has been identified as 3 ppb for Cd**, 10 ppb for Pb*", 2000 ppb for Cu?T,
1ppb for Hg*™ and 3000 ppb Zn*' and the exposure above these limit can cause serious
health hazards in humans. Henceforth, tracking the concentration of these heavy metal
ions in water samples (drinking water and effluent discard) is of utmost importance. The
conventional techniques for detecting heavy metal ions in water samples involve induc-
tively coupled plasma mass spectroscopy (ICP-MS), atomic absorption spectroscopy, and
chemiluminescence, which have been used in the lab for efficient sensing of heavy metal in
the water and biological samples. However, these techniques require trained personnel,
costly equipment, and a longer turnaround time. Further, these techniques cannot be
currently used for onsite, real-time monitoring. On the other hand, electrochemical sen-
sors have been used for the last two decades to sense heavy metal ions in water samples.
The Environmental Protection Agency recommends tracing the amount of heavy metals
in water. The electrochemical sensor consists of 2 important components: the sensing
layer and the transducer. Oxide layers, polymers, 2D nanomaterials, carbon nanotubes,
graphene, chalcogenide, and dichalcogenide are the most popular sensing layers for detect-
ing heavy metal ions. Chalcognedies and dichalcogenide materials are known to stable in
harsh chemical environments and, hence, were chosen for the detection application in this
dissertation. The transducing structure should be stable in the chemical environment.

The most commonly used are ion-selective electrodes, field effect transistors, colorimetric,



fluorescent, and surface-enhanced Raman scattering. This dissertation focuses on synthe-
sizing, depositing, and fabricating different transducing devices using chalcogenide and
dichalcogenide sensing films. Ion selective electrodes, electrolyte insulator semiconductor
capacitors, and extended gate field effect transistor devices were fabricated using chalco-
genide and dichalcogenide materials. Nanoheterostructures composed of chalcogenides to

sense Cd*", Cu*", Hg®" and Pb*" ions in water samples in low ppb regime.
g
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