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FALEm SUE H Synthesis of hydroxyapatite-based nanocomposites and their application
in electrochemical sensors
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Electrochemical sensors are a type of modern devices that can effectively transform the molecule
recognition events into the detectable electronic signals. Due to their advantages of remarkable
detectability, experimental simplicity and low cost, they have found a number of interesting applications in
the areas of environmental, industrial, food and clinical analyses. With the development of nanoscience
and nanotechnology, it is found that the reasonable incorporation of nanomaterials into electrochemical
sensors can greatly enhance the analytical performance of the sensors. Hydroxyapatite (HAp) is a calcium
phosphate similar to the human hard tissues in morphology and composition, and the nanosized HAp
presents some outstanding properties like good biocompatibility, high stability, rich active sites, and so on,
which enable it can be served as an excellent nanomaterial for electrochemical sensing application. In this
thesis, the nanosized HAp and its composites with carbon nanotubes (CNTs) and graphene were
synthesized, and then be utilized as electrochemical sensing materials for the selective and sensitive
determination of heavy metal ions, drug molecule of luteolin, and industrial pollutant of hydrazine. The
thesis consists of 5 chapters, the abstracts of each chapter are mentioned as follows.

Chapter 1: The brief introduction of electrochemistry; calcium hydroxyapatite; carbon material were
described. Moreover, some questions of the previous studies were pointed out and the significance and
purpose of this study were stressed.

Chapter 2: The uniform rod-like HAp particles were synthesized through a simple wet method, which was
characterized by X-ray diffraction (XRD), Fourier-transform infrared (FTIR) and transmission electron
microscopy (TEM). The composite of HAP-Nafion was then prepared and used as a matrix for
simultaneous determination of Hg?*, Cu?*, Pb?* and Cd?" by differential pulse anodic stripping
voltammetry (DPASV). The good dispersibility, large specific surface area, rich active sites, and strong



adsorption property of the composite contributed to the enhanced stripping signals of the four heavy metal
ions. Under the optimized experimental conditions, the calibration curves for Hg?* covered two linear
ranges from 0.1 to 1.0 uM and from 3.0 to 10.0 uM. For Cu?*, Pb?* and Cd?*, the linear calibration curves
ranged from 0.1 uM to 10.0 uM. Based on a signal-to-noise ratio characteristic of 3, the detection limits of
Hg?*, Cu?*, Pb* and Cd?* were estimated to be 0.030 puM, 0.021 pM, 0.049 uM and 0.035 pM,
respectively. The developed method was also utilized for the detection of Hg?*, Cu?*, Pb?* and Cd?* in real
water samples, and satisfactory results were obtained.

Chapter 3: A nanocomposite of HAp-CNT was synthesized by in-situ transformation of CNT-calcium
phenyl phosphate (CaPP) with the assist of enzyme such as alkaline phosphatase at pH = 9 and 37°C. The
nanocomposite was characterized by XRD, FTIR and TEM. Then the HAp-CNT was cast onto a glassy
carbon electrode (GCE) and used as a sensing platform for the electrochemical determination of luteolin.
The electrochemical experiments indicated that the HAp-CNT modified GCE (HAp-CNT/GCE) could
greatly enhance the electrochemical response of luteolin. A series of experimental parameters including the
type and pH value of supporting electrolyte, accumulation time and accumulation potential were optimized.
The electrochemical parameters such as electron transfer rate constant and electron transfer coefficient of
luteolin at the HAp-CNT/GCE were also investigated. Under the optimal conditions, the reduction peak
currents presented a good linear relationship with the concentration of luteolin in the range of 4.0x10 to
1.2x10° M. The detection limit was estimated to be 8.0x10¢ M.

Chapter 4: Chemical reduction and thermal treatment are the most promising approaches for large-scale
synthesis of graphene. However, the toxic/hazardous reducing agents or large energy consumption are
necessary for these two methods. In this work, it is unexpectedly found that, the in-situ growth of HAp on
graphene oxide (GO) under a moderate temperature (85°C) can effectively trigger the reduction of GO,
which is testified by XRD, FTIR, electronic adsorption spectra, Raman spectroscopy and electrochemistry.
Such a reduction process needs neither extra reducing agents nor high-temperature thermal treatment. The
TEM experiment further demonstrates that the rod-like HAp nanoparticles are uniformly attached on the
surface of reduced GO (rGO) to form the composite. Electrochemical sensing assays show that the
synthesized HAp-rGO nanocomposite presents excellent electrocatalytic capacity for the oxidation of a
toxic reducing agent of hydrazine. Based on this, an electrochemical sensor for hydrazine detection was
developed, which displays outstanding performance in the index of low fabrication cost, short response
time (~ 2 s), wide linear range (2.50x10¢ M~1.16x10- M), low detection limit (4.27x107 M), and good
selectivity. When the sensor was utilized for detection of hydrazine in real water samples of industrial
wastewater satisfactory results were achieved.

Chapter 5: Conclusions and scope of these studies were described.
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