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Abstract

Abstract

Mercury is one of the non-essential elements for human beings. Mercury and its
compounds have high toxicity, and may undergo biotransformation and accumulation
in human body through the food chain, causing various diseases. It is very important
and necessary to determine mercury ion (Hg?") in the environment and life system

before studying its environmental behavior and toxicological effects.

Raman spectroscopy is an important tool to study the structure of molecuiles. In the
case of normal Raman spectroscopy, Raman signals are very weak, which limit its
applications in quantitative analysis. When the sample is loaded on the roughened
surface of noble metal like Ag, Au and Cu, the Raman signais could be dramatically
enhanced. Such a so-called Surface-enhanced Raman Scattering (SERS) has high
sensitivity, and was recently applied in environmental and biological analysis, for

example, Hg®* detection using SERS become more and more popular.

Due to the small Raman cross-sections and even no vibrational modes of Hg®", it is
difficult to detect Hg®* directly using SERS. Almost all SERS-based methods reported
for the detection of Hg”* are mediated by Raman reporting molecules. Interactions
between Hg?* and the SERS reporting molecules or the SERS reporting
molecule-modified pre-adsorbed ligands lead to variation of their distance towards
SERS-active substrate, bringing the SERS signals turn-on and/or turn-off. The
turn-on/turn off strategies were achieved indirectly via determination of the reporter’s
Raman signals rather than that from the bond directly related to Hg**. Qualitative and
quantitative analysis of Hg®" through the determination of Raman signal from the
bond formed by Hg?" is still difficult. Clearly, it is very much expected, in such a way,

to achieve a more accurate determination of Hg*".

In this thesis, we designed and synthesized azathioether/azathiacrown probes and
then chemically modified them onto Au@SiO, NPs. These
Au@SiO,@phenyl-DMA/TTM/NS4 NPs were used not only to capture Hg”* from the
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environmental waters but also to determine Hg?* using SERS via the Raman signal

from Hg-S, in which phenyl could serve as an effective internal standard (IS).

Chapter 1. Background knowledge of mercury regarding its toxicity and sources as
well as the importance of Hg analysis was first introduced. Moreover, methods for Hg
analysis were briefly summarized, and the progress in Hg analysis using SERS was

emphatically elaborated. Finally, research proposal was thus made.

Chapter 2. 2-mercaptoethanol was selected as a model compound to investigate the
interaction between Hg** (and other metal ions that are similar in physicochemical
properties and possible exist the water samples) and S. The signature Raman signal of
the Hg-S bond and those between other metal ions and S were obtained. This
information is the experimental basis for further analysis of Hg®" in the water sample

using SERS.

Chapter 3. Three azathioethers and azathiacrown probes,
8-[N,N-bis(2-(ethylthio)ethyl)aminomethyl]phenylacetic acid (phenyl-DMA),
8-[N,N-bis(3”,6’-dithiaoctyl)aminomethyl]phenylacetic acid (phenyl-TTM) and
2-[4-(1,4,10,13-tetrathia-7-azacyclohexadecan-7-yl)methyl]phenylacetic acid
(phenyl-NS4) were designed and synthesized. Their composition and structure were

identified with "HNMR and MS.

Chapter 4. The selectivity, sensitivity and interferences of phenyl-DMA/TTM/NS4
modified Au@SiO, NPs towards SERS determination of Hg®* were investigated in
details. Results obtained indicated that phenyl-NS4 modified Au@SiO, NPs
(Au@SiO,@ phenyl-NS4) was the best one because it could specifically capture Hg*":
while Au@SiO,@phenyl-DMA NPs suffered from the interference from Ag*, Cd**,
Cu?* and Fe**; and Au@SiO,@phenyl-TTM suffered from the interference from Ag".
Fortunately, the interference from Ag® could be removed using CI" before SERS
measurements. The limit of detection (LOD, 3c) and limit of quantification (LOQ) of

Hg** using Au@SiO,@phenyl-NS4 were 0.09 ng/mL and 0.31 ng/mL with the RSD
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of 7.4 % at 1.0 ng/mL Hg®* (n = 5); and the linear dynamic range was obtained from
0.4 to 2.0 ng/mL with a correlation coefficient of 0.991 when the peak area ratio of
Hg-S at 270 cm™ and phenyl at 1046 cm™ against Hg** concentration (ng/mL). After
the established SERS-based method was validated using a Certificated Reference
Material (CRM, GSBZ 50016-90:202037), it was also applied to determine Hg?* in
the sea water around Xiamen Island and the fresh water samples from Ting River.

Moreover, the Hg®* pollution status in the waters was evaluated.

Chapter 5. Conclusions of what | have achieved during my master studies and the

prospective of future development in this research field were presented.

Key words: mercury ion; SERS; azathioether; azathiacrown; Hg-S bond
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