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Abstract  
Several mercury sensing probes are 
currently being develop, Due to its robust 
SPR absorption in the visible range, ease of 
chemical functionalization, and generally 
high stability, AuNPs are widely employed 
for optical sensing applications. AuNPs' SPR 
absorption is influenced by their size, shape, 
and refractive index.  
Cylindrical forms Triangular-shaped Au NPs 
have significant IR absorption and strong 
absorption in the visible range. Aggregation-
related AuNP size expansion causes a red 
shift in the absorbance at longer 
wavelengths.  
Keywords: Chemical functionalization, 
stability, AuNPs, AuNPs' SPR, size, shape, 
and refractive index. 

1.1. Introduction 
Mercury is among the most harmful heavy 
metal pollutants to human health. It is a 
naturally occurring element that may be found 
in “several chemical forms, such as elemental, 
organic, and inorganic salts. The chemical form 
of mercury has a significant impact on its 
toxicity. Methylmercury, dimethylmercury, 
whereas Hg(II) and Hg(I) salts are accessible 
inorganic mercury.”  

Additionally, depending on the chemical 
environment, the chemical forms of mercury 
can alter through interconversion reactions. The 
most hazardous form of mercury for humans is 
organic mercury. As a result, mercury in any 
form is harmful to living things.  

Natural processes like coal-burning power 
plants, oceanic emission, solid waste 
interaction, etc. have all contributed to the 
widespread distribution of mercury in the 
environment. The probable usage of mercury in 

daily life may be the cause of the environment's 
rising mercury levels.  

The main ways that mercury enters the human 
body are through water and food  Due to 
mercury buildup in the brain and kidneys, 
mercury poisoning results in neurological 
disorders and harms the central nervous system.  

Mercury physiologically impacts several brain 
functions, which can cause symptoms including 
behavioural abnormalities.  

Given that both inorganic and organic mercury 
ions have extremely harmful effects on living 
things, including people, quick and precise 
monitoring of these ions.  

Numerous studies are being conducted all 
around the world to create an analytical probe 
that is simple, inexpensive. 

But these approaches are widespread, labor-
intensive, costly, time-consuming, and 
unsuitable for point-of-use applications. As a 
result of intensive study on mercury detection 
during the past 10 years, the colorimetric and 
fluorescence-based optical approaches are 
emerging as substitute instruments for mercury 
detection.  

The advantages of functionalized nanoparticles 
over conventional approaches, such as 
colorimetry and fluorescence .  

Yu et al. “propose a new colorimetric sensor for 
measuring Hg(II) ions using Au NPs coated 
with 3-mercaptopropionate acid and adenosine 
monophosphate. The WHO limit is exceeded by 
the detection limit for Hg(II) ions, which is 50 
ng mL-1. In a separate work, Chen et al. 
presented a colorimetric assay based on the 
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coordination of Hg(II) to AuNPs associates 3-
nitro-1 H-1,2,4-triazole for the detection of 
trace quantities of Hg(II) ions (1.4 ng mL-1) in 
aqueous solution. This assay required costly 
ingredients and a time-consuming 
manufacturing process.”  
The WHO's strict and acceptable limitations 
make it difficult for researchers to develop a 
straightforward natural water.  
Therefore, a straightforward probe is created in 
the current study employing AuNPs/RhB/HDT 
NCS for the very sensitive. Using plasmonic 
absorbance and fluorescence spectroscopy, the 
optical characteristics of AuNPs/RhB/HDT NC 
studied.  
Au/RhB/Hexanedithiol Nanocomposite System: 
An Optical Sensing Probe for Detection of 
Hg(II) ions in Water  

1.2  Preface  
Gold nanoparticles (AuNPs)/rhodamine B 
(RhB)/hexanedithiol (HDT) nanocomposites 
system (AuNPs/RhB/HDT NCS) has been 
successfully used to develop a highly selective 
optical sensing probe for measuring Hg2+ ions 
in synthetic urine and ground water. RhB is 
crucial for increasing the sensitivity of Hg (II). 

It is crucial to note that the order in which RhB 
and HDT functionalize AuNPs has a significant 
impact on the ability to detect Hg(II) ions. RhB 
was released from AuNPs/RhB/HDT NCS as 
the basis for the turn-on fluorescence process, 
which was then used to create the Hg-HDT 
complex, “whereas the suggested mechanism 
for Based on the aggregation of composite 
AuNPs, Hg(II) sensing in absorbance mode.  

The linear dynamic range for Hg2+ ion 
detection using AuNPs/RhB/HDT NCS showed 
detection limits of 1 ng mL-1 (1 ppb) and  0.5 
ng mL-1 (0.5 ppb), respectively. Regarding 
concentration fluctuation, kinetics, and 
interference from other metal ions such Na(I), 
K(I), Mg(II), Ca(II), Fe(III), Co(II), and Ni, the 
AuNPs/RhB/HDT NCS-based Hg(II) ions 
detection technique was optimised.(II).”  

The examination of linear dynamic range and 
detection thresholds by both colorimetric and 
fluorescence systems are covered at the 
chapter's conclusion. The stability of the 

AuNPs/RhB/HDT NCS is verified by its longer-
than-one-hour absorbance spectrum.\.  
1.3 Experimental Details  
1.3.1 Synthesis of Au NPs/RhB/HDT 
nanocomposite system  
“The Au NPs were made via citrate-mediated 
metal reduction in the aqueous phase. Use 25 
mL of the deionized water solution for this and 
150 L of stock solution of Au (III) ions (12 mM 
L-1) were combined, held at 85 oC, and next, 
while continuing to stir the mixture, 0.1 g of 
trisodium citrate was added.” The 0.5 mL 
citrate-capped Au NPs solution was then mixed 
with 10 to 50 litres of the 50 mM RhB stock 
solution prepared in deionized water for 10 
minutes.  

After the mixture was well incorporated, 2.5–10 
L of an ethanol-based HDT (20 pmol L-1) 
solution was added to the AuNPs/RhB solution 
while it was being constantly stirred. 
AuNPs/RhB/HDT nanocomposite system is the 
name given to the final functionalized Au NPs 
that were generated.  

1.3.2 Hg (II) ion detection in inorganic media  
To know “the Hg (II) ion detection reaction 
mechanism of the AuNPs/RhB/HDT 
nanocomposite system , controlled experiments 
have been conducted. Hg(II) (100 mg/L) 
solution was created by adding 13.5 milligrams 
of HgCl2 to 100 mL of DI water was created. 
Standardization By diluting Hg(II) stock 
solution, optimisation tests for Hg(II) sensing in 
the concentration range of 5 ng mL-1 to 1000 
ng mL-1. 

The AuNPs/RhB/HDT solution was added to 
the analyte solution in a 0.1 mL/0.9 mL ratio for 
the Hg(II) ion sensing assay and 5 minutes were 
given for the mixture to stand. The absorbance 
is used to measure Hg(II) ions.” 

Ni were optimised for the Au NPs-based Hg(II) 
ions detection technique.(II). Finally, the 
improved techniques were used to quantify the 
Hg(II) ions and urine samples that had been 
spiked with Hg(II).  

1.4  Results and discussion  
1.4.1 Structural analysis  
XRD pattern verified the production of Au NPs 
via citrate-mediated reduction. (JCPDF - 04-
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0784). The typical diffraction peaks at 2 values 
38.2o, 44.35o, 64.75o, and 77.65o This suggests 
a face-centered cubic (FCC) crystal structure 
and corresponds to crystal planes (111), (200), 
(220), and (311), as predicted. Using the Debye-
Scherrer formula. 
1.4.2 Microscopic analysis  
With the use of TEM, the microstructural 
examination further validated the development 
of mono- has a 14 nm average particle size, 
distributed spherical Au NPs. Fig. 3. The (111) 
plane corresponds to an interplanar gap of 0.23 
nm, the high resolution TEM picture of Au NPs 
demonstrates lattice fringes and validates the 
crystalline structure of Au NPs. The 
polycrystalline nature of Au NPs was verified 
by the diffraction rings that were obtained from 
the SAED pattern. 

The proposed sensing technique was built on 
the functionalization of citrate-capped Au NPs 
by RhB and HDT to investigate the detection of 
Hg(II). 

 It is important to stress that the precise timing 
of the addition of RhB and HDT to the citrate-
capped Au NPs solution was essential. HDT 
was added to the citrate-capped Au NPs 
solution before RhB. As a result, the citrate-
capped Au NPs began to combine and their hue 
abruptly changed from wine red to purple. 

The covalent connection cause of the drop in 
intensity seen at 530 nm, Yu et al. commented 

on these phenomena in their work, arguing that 
the significant Au NP aggregations would be 
connected to the replacement of Au NPs 
surface.  

Citrate ions were shown to be strongly attached 
to Au NPs in a recent paper by Park and 
Shumker-Parry, which delays because stabilized 
network there.  

Au NPs are observed aggregation behaviour of 
Au NPs in the current situation. Because of 
their strong affinity for Au NPs, organothiol 
compounds are frequently utilised as stabilising 
agents. Organothiol compounds bond to au 
according to the (HSAB) hypothesis. 

Metal ion characteristics such as size, charge, 
polarizability, and electronegativity determine 
whether they are hard or soft acids. In this 
instance, HDT is a soft base while Au NPs are a 
soft acid. According to expectations, thiol 
terminated HDT molecules should attach to the 
surfaces of Au NPs and Au ions in a manner 
similar to that of Au ions by creating an Au-S 
bond, which results in a self-assembling 
monolayer. (SAM). When 25 L of 50 M RhB 
were added to the citrate-capped Au NPs 
solution before the HDT, there was no 
appreciable difference, Au NPs solution 
absorbance spectra with and without RhB and 
HDT addition. 

 

FIGURE 1.1 AU NPS SOLUTION'S ABSORPTION SPECTRA CHANGED AFTER BEING 
ADDED WITH TOO MUCH RHB. 

According to Fig. the considerable rise in RhB 
peak intensity is detected at 560 nm when RhB 
(30–50 L of 50 M RhB) is added to the Au NPs 
solution. As RhB concentration rises.  

This is due to too much unreacted RhB, thus in 
order to prevent it, we have to maximise its 
concentration in the AuNPs/RhB/HDT NCS. A 
favourable environment for binding is created 
by the quarternary amine group present in RhB 
molecules, which has a unit positive charge, and 
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the citrate-capped AuNPs' negatively charged 
surface.  
RhB binds to citrate-capped AuNPs primarily 
through hydrogen bonds and electrostatic 
interactions. When HDT is introduced to an 
aqueous solution containing RhB-
functionalized, citrate-capped Au NPs, 
aggregation is not seen. This suggests that the 
thiol group of HDT binds to a carboxyl group of 
RhB rather than directly to an Au NP. the 
potential structural orientation of citrate-capped 
Au NPs following functionalization with RhB 
and HDT. 
1.5 Optical detection of Hg(II) ions  
“The linear regression coefficient R2 = 0.98 and 
the absorbance spectra in Fig. 1.2 (a-b) 

unambiguously show that the absorbance peak 
intensity increases at 660 nm in direct 
proportion to the amount technique is 1-60 ng 
mL-1. The detection threshold for the 
absorbance-based method was 1 ng mL-1.  

Table 1.1 compares the present method's 
detection limit to that of the previously 
disclosed optical techniques. It clearly suggests 
that the detection limit achieved in the current 
case is comparable to other cases that have been 
reported. The improved sensing technique was 
finally applied to Hg(II) spiked urine and 
ground water samples in order to detect Hg(II) 
ions in the centre of the linear dynamic range 
for practical use (Fig. 1.2 (b)).” 

 

 

FIGURE 1.2 CHANGE IN AU/RHB/HDT SOLUTION ABSORBANCE INTENSITY AT 670 
NM FOLLOWING ADDITION OF VARIOUS CONCENTRATIONS OF HG(II) IONS. 

The findings in Table 1.2 unambiguously 
indicate that the absorbance mode sensing 
approach successfully recovered 95–98% of the 
Hg(II).  

The continuous efficiency of the ground water 
and urine samples showed that the complex 
matrix did not interfere with the recently 
proposed approach. 

 

Sensing solution for Hg(II) ions  Detection probe  Detection Limit  
AuNPs/Peptide  

AuNPs/poly(styrene sulfonate)/ L-ascorbic acid  

AuNPs/polysorbate-80/ L-ascorbic acid  

AuNPs/nitrotriazole 

Colorimetric  

Colorimetric  

Colorimetric  

Colorimetric  

5 ng mL-1  

5 ng mL-1  

26 ng mL-1  

1.3 ng mL-1  

TABLE 1.1 WHEN COMPARED TO CONVENTIONAL OPTICAL APPROACHES 
BASED ON NP AGGREGATION, “THE DETECTION LIMIT OF THE NEWLY 

DEVELOPED METHODOLOGY FOR HG(II) SENSING IN AQUEOUS SAMPLES.” 
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Sample ID (ng mL-1) Hg(II) detected Mean ± SD Recovery (%) 
 

US-1 

US-2 

US-3 

GWS-1 

GWS-2 

GWS-3 

 

20 

30 

40 

20 

30 

0 

 

19.4 ± 0.6 

28.9 ± 1.0 

39.2 ± 0.7 

19.1 ± 0.9 

29.2 ± 0.7 

38.5 ± 0.9 

 

97 

96 

94 

93 

94 

98 

TABLE 1.2 ANALYSIS OF HG(II) IONS USING AN ABSORBANCE-BASED DETECTION 
APPROACH IN GROUND WATER AND URINE SAMPLES THAT HAVE BEEN SPIKED 

WITH HG(II). 

The absorption peak at 660 nm suggested an increase in Hg(II) ions' strength.  

1.6 Microscopic analysis  
Although the Au NPs in the AuNPs/RhB/HDT 
solution were clearly separated from one 
another as can be seen in Fig. 1.3. (a), the 
addition of Hg(II) ions caused an aggregation, 
as can be observed in Fig. 1.3. (b).  

The resultant map and EDS are displayed in 
Fig. 1.3. (c, d). The surface of the 
functionalized Au NPs has as seen in the 
mapping picture, and the presence of both 
Hg(II) and Au was verified by EDS.  

 

FIGURE 1.3 TEM PICTURES OF THE AUNPS/RHB/HDT AND AFTER ADDING HG(II) 
IONS, ELEMENTAL MAPPING, AND EDS OF THE AUNPS/RHB/HDT 

NANOCOMPOSITE. 

1.7 Studying the impact of pH and ionic 
strength on the detection of Hg(II) ions  
Ionic strength, pH, and other variables that 
affect the detecting probe's ability to detect 
Hg(II) ions was also studied. pH ranges from 3 
and 9. Hg(II) ion detection using the 
AuNPs/RhB/HDT nanocomposite system in an 
acidic solution. When Hg(II) ions are present at 

660 nm, the peck intensity increases in solutions 
of 1 ng mL-1 and 10 ng mL-1, respectively. 

However, a basic pH prevents the 
AuNPs/RhB/HDT nanocomposite system from 
detecting the Hg(II) ion in solution. Hg(II) ion 
detection using the AuNPs/RhB/HDT 
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nanocomposite system: absorbance spectra in 
basic pH.  

This is so because higher pH values lead to a 
predominance of metal oxide and metal 
hydroxide production. Only the Hg(II) ion 
containing solution exhibits an absorbance peak 
in the spectrum.  

1.8 Selectivity studies  
“We also looked into the selectivity of 
AuNPs/RhB/HDT for Hg(II) ions sensing over 
other metal ions as Na(I), K(I), Mg, Ca(II), 
Fe(III), Co(II), and Ni(II). For the examination 
of individual metal ions, a sample vial 
containing Hg(II) ions and 1 g mL-1 of metal 
ions was utilised.  

The observed absorbance clearly showed that 
Na(I), K(I), Mg, Ca(II), Fe(III), and Co had no 
appreciable effects.(II). In contrast to other 
metal ions,” Ni(II) had a somewhat greater 
absorbance intensity at 660 nm. The inclusion 
of HDT in the sensing solution led to a higher 
selectivity for Hg(II) ions as a result.  

1.9. Fluorescence mode for Hg(II) ion 
detection  

AuNPs/RhB/HDT “composite system's "Turn 
on" fluorescence technique makes it feasible to 
detect Hg(II) ions using photoluminescence as 
well. Standardised AuNPs/RhB/HDT 
nanocomposite system did not show noticeably 
higher fluorescence when compared to the 

fluorescence of pure aqueous RhB solution. (In 
the absence of AuNPs).”  

Due to RhB molecules adhering to the surface 
of AuNPs, RhB and AuNPs are quenched 
statically by a non-Forster FRET. Stobiecka and 
Hepel also said that electrostatic and hydrogen 
bonding are both interactions between RhB and 
citrate-capped AuNPs. The amount of Hg(II) 
ions in the solution increased in direct 
proportion to the fluorescence intensity of the 
mixture.  

As a result of Hg(II) the RhB molecules would 
be displaced into the solution. The current 
"Turn on fluorescence technique demonstrated a 
dynamic linear range in the concentration range 
of 0.5 - 40 ng mL-1 of Hg(II) ions in aqueous 
samples with regression value of R2 = 0.971.” 
The detection threshold for the fluorescent 
mode technique is 0.5 ng mL-1.  

1.10 Reproducibility Studies  
The AuNPs/RhB/HDT nanocomposite system's 
repeatability for the detection of Hg(II) ions 
was successfully tested at least three times.  
 
1.11 Stability studies  
AuNPs/RhB/HDT is confirmed by absorbance 
spectra to be more than one hour. The Fig. 9.22 
contained absorbance spectra taken for freshly 
prepared AuNPs/RhB/HDT nanocomposite 
solution and after one hour. It shows same 
spectra for both samples, initial and after one 
hour confirmed good stability of solution.  

 

FIGURE 1 .4 STABILITY OF AUNPS/RHB/HDT NANOCOMPOSITE SYSTEM BY 
ABSORBANCE SPECTRA 
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1.12 Conclusion  
Aggregation of functionalized AuNPs was used 
to find Hg(II). HDT was added to provide the 
present method the necessary selectivity for 
Hg(II) ions. 

By using spectrophotometry, it was discovered 
that the method's dynamic range was 1- 60 ng 
mL-1. Additionally, the currently employed 
"Turn on fluorescence approach demonstrated a 
greater dynamic linear range in the 
concentration range of 0.5 - 40 ng mL-1 Hg(II) 
ions in aqueous samples with a 0.5 ng mL-1 
detection limit.”  

The method's detection limit exceeded the 
WHO's allowable limit for drinking water. The 
artificial ground water and urine samples were 
successfully used to test the effectiveness of the 
optimised absorbance-based approach. 
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