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In this study, high-sensitively colorimetric detection of mercury ions was developed according to the surface plasmon 

resonance of modified gold nanoparticles. While in a citrate buffer solution, the selected modifier Bismuthiol II can 

cause gold nanoparticles to aggregate. Gold nanoparticles with a spherical shape and average diameter of about 13 nm 

were prepared. While mercury ions can inhibit gold nanoparticle aggregation, after the addition of mercury ions, the 

color of the gold nanoparticles solution changes from light violet to red with a hypochromatic shift at the absorption 

peak. By collecting the UV-Vis spectrum of the solution after the reaction, the characteristic bands are selected to build a 

partial least squares model. Both the 0.9477 correlation coefficient with a 0.0986 mg/L standard deviation for the 

calibration set, and 0.9274 correlation coefficient with a 0.1020 mg/L standard deviation for the prediction set were 

obtained via a partial least squares model.  
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1. INTRODUCTION 

There are three forms of mercury in nature: elemental, 

ionic, and organic mercury; each is a transformation of the 

other. Mercury ions (Hg2+) are able to pass through the 

skin, intestinal tract, and respiratory tissue of the human 

body, which can damage the nervous system, immune 

system, kidneys, liver, and even lead to hearing and visual 

impairment [1, 2]. Therefore, mercury has been classified 

as a carcinogenic agent, so the World Health Organization 

restricted mercury ions levels in drinking water to lower 

than 2 µg/L [3]. Detecting heavy metal pollution has been 

a serious subject for research scientists, and it has 

consumed a significant amount of human, material, and 

financial resources each year. Due to environmental 

pollution, there is an urgent need for convenient, real-time, 

on-site analysis methods. In recent years, gold 

nanoparticles (AuNPs) have drawn remarkable interest in 

the application of mercury ion detection due to their strong 

absorption of electromagnetic waves in the UV-Vis region 

due to the Surface Plasmon Resonance (SPR), highly 

stable dispersions, chemical inertness, and 

biocompatibility, which make them easily adaptable to 

biosensor components [4, 5]. The gold nanoparticle 

solution presents wine red; the solution turns purple-blue 

when the distance between particles decreases, solution 

turns to purple blue, which results in the coupling of 

surface plasmon resonance, between particles in close 

proximity. As the distance between particles decreases or 

the particles size increases, the effect of plasmonic 

coupling increases, resulting in a red shift of the plasmon 

band in the UV-Vis spectrum and a change in solution 

color [6, 7]. When a heavy metal or another specific 
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analyte is introduced, the solution color visibly changes 

with the aggregation state of biologically functionalized 

gold nanoparticles in the solution, which is the theoretical 

basis for colorimetric biosensors that use gold 

nanoparticles [8]. 

Common detection methods include atomic 

spectrometry, electrochemical analysis, biological analysis, 

and so on. Atomic spectrometry contains Atomic 

Absorption spectrometry (AAS), Inductively Coupled 

Plasma Atomic Emission Spectrometry (ICP-AES), 

Atomic Fluorescence Spectrometry (AFS), and has high 

sensitivity, but the sample pretreatment and testing process 

is relatively complex, and it relies on the large-scale 

equipment, requires specialized technical personnel to 

operate, is time-consuming, and has difficulty in fast-field 

detection [9 – 11]. Electrochemical analysis quickly detects 

heavy metals with portable instruments, but has low 

sensitivity and accuracy, is expensive, and is limited in the 

kinds of heavy metal that it can detect [12 – 17]. Biological 

analysis methods include the enzymatic inhibition method, 

immunoassay, and so on; they are suitable for the 

qualitative detection of heavy metals; however, the 

sensitivity and accuracy also requires further research. 

Compared to these common methods, UV-Vis 

spectrophotometry has better sensitivity and a lower 

detection limit, all while having the following benefits: it is 

simple to operate, has a short reaction time, and is non-

corrosive and non-pollutive. In addition, compared to 

traditional reagent colorimetric methods, the gold 

nanoparticles colorimetric method has a very high molar 

absorption coefficient of gold nanoparticles, which is 

higher than that of organic reagent by about 3 to 5 orders 

of magnitude. In this study, gold nanoparticles were 

modified by Bismuthiol II to quickly detect Hg2+ in water 

in a short time with high selectivity and sensitivity. Stable 
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gold nanoparticles of uniform particle size were easily 

acquired. At the same time, Bismuthiol II had the 

advantages of a lower price and no pollution emission. 

2. MATERIALS AND METHODS 

2.1. Materials 

Chloroauric acid (HAuCl4.4H2O) and Bismuthiol II 

(C8H5KN2S3), which served as gold nanoparticle modifiers 

in this experiment, were obtained from Xiya Reagent 

(Chengdu, China). Trisodium citrate (Na3C6H5O7·2H2O) 

and sodium hydroxide (NaOH) were procured from Xilong 

Co.Ltd (Beijing, China). Citric acid (C6H8O7) was 

purchased from Beijing Chemical Works (Beijing, China). 

The mental salt solutions were obtained from the Institute 

for Environmental Reference Materials Ministry of 

Environment Protection, China. Deionized water was 

purchased from Yixiubogu Co. Ltd (Beijing, China). The 

deionized water and the chemicals used for the study were 

used following standard procedures. 

2.2. Instruments 

The UV-Vis spectroscopy was recorded on a UV-2450 

spectrophotometer with 0.1nm resolution from Shimadzu 

Co. Ltd (Japan). Transmission electron micrographs 

(TEM) of gold nanoparticles were obtained on a JEM-1230 

electron microscope from JEOL Co. Ltd (Japan). RP1003H 

electronic balance and 78 – 1 magnetic heated stirrers were 

needed in the solution preparation process. 

2.3. Synthesis of gold nanoparticles using the 

citrate method 

There are many methods to acquire gold nanoparticles. 

In this study, gold nanoparticles were obtained using citric 

acid to revivify chloroauric acid. A 100 mL solution of 

0.01 % chloroauric acid was heated to its boiling point, and 

then 4 ml of 1 % trisodium citrate was rapidly added and 

stirred in the boiled solution. The solution color changed 

from pale yellow to colorless; two minutes later, it changed 

to blue-black, then purple-black, and steadily shifted to 

red. Then, the mixture was cooled to room temperature, 

and deionized water was added to 100 ml as the original 

volume. In this reaction, trisodium citrate acted as a 

reducer, which has a relatively stable reduction capacity 

and protects the gold nanoparticles solution from 

precipitating during the chloroauric acid reducing process. 

The gold nanoparticle aggregation was clear and 

transparent, did not have any impurities, and precipitated 

into a wine-red. 

2.4. Experimental procedure 

The citric acid-sodium citrate was prepared with a pH 

of 4.4 as a buffer solution. First, 70 µl of a buffer solution 

was added in a centrifuge tube (10 ml). Then, 1.5 µmol/L 

of Bismuthiol II (100 µl) was added to the tube and the 

solution was thoroughly mixed via shaking. Then, after 

adding a Hg2+ solution with various concentrations ranging 

from 0.05 µg/L to 1.00 mg/L, the tube was shaken for 

10 minutes. Finally, the gold nanoparticle solution was 

mixed in the solution, and 30 minutes later the spectra 

from 400 nm to 800 nm was collected by the Shimadzu 

UV-Vis spectrophotometer. 

Software Matlab2012 was employed in data 

processing. Matlab is a data analyzing and processing tool 

with an efficient visualization algorithm. There was a 

significant amount of noise in the raw spectra due to the 

interference of electronic noise, light, instrument 

performance, and other factors. To establish a stable 

mathematical prediction model, the original spectra must 

be pretreated and feature bands must be extracted to 

eliminate or reduce the influence from irrelevant factors 

[18]. In this study, a variety of pretreatment methods on 

original spectral data was employed, and then Partial Least 

Squares regression (PLS regression) models were 

established to choose the best pretreatment method 

according to the prediction accuracy of these models. 

Partial least squares regression is a multivariate statistical 

data analysis method, and mainly studies regression 

involving multiple dependent variables and arguments, 

especially when there are highly correlate relations 

between variables. In partial least squares regression, the 

spectral information matrix Χ and the concentration matrix 

Y were decomposed, and the formula is： 
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where tk (n × 1) and pk (1 × m) are the scores and loads of 

the kth principal component of the spectral information 

matrix X, respectively, uk (n × 1) and qk (1 × m) are the 

scores and loads of the kth principal component of the 

spectral information matrix Y, respectively, f is number of 

the principal component. That is, T and U are scoring 

matrices for the X and Y matrices, respectively, P and Q 

are their loading matrices, respectively, and EX and EY are 

their partial least squares regression fitting residual 

matrices. Then, the scoring matrices T and U were linearly 

regressed: 

TBU  , (3) 

YTTTB TT 1)(  . (4) 

The predicted concentration YP of test sample was 

calculated as: 

BQTY PP  , (5) 

where TP is scoring matrices for the X matrices of test 

sample. 

The Savitzky-Golay (SG) convolution smoothing 

method reduces noise by filter function by the least fitting 

squares. The derivative can enhance weak spectra 

information, and also extract effective and useful 

information. Using a polynomial to calculate the smoothed 

average value at wavelength k: 
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where hi is SG smoothing factor, H is normalization 

factor, 








i

ihH . 

Multiplicative scatter correction (MSC) and Standard 

Normal Variate (SNV) are both used to correct the spectral 

light shift caused by scatter on the non-uniformity sample 

surface. SNV can also weaken the effect of the optical path 

change and surface scattering [19]. SNV is processing a 

row vector spectral data: 
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, m is the number of wavelength 

point, k=1, 2, …, m. 

Unlike SNV, MSC is processing a set of spectral data. 

3. RESULTS AND DISCUSSION 

3.1. Characterization of gold nanoparticles and 

detection mechanism of mercury ions 

Gold nanoparticles have strong surface plasmon 

resonance, absorption within UV-Vis spectra, and their 

bright color could be observed with a naked eye. Fig. 1 

shows the result of the spectral scan of the gold 

nanoparticle solution on the spectrophotometer with a 

wavelength ranging from 400 nm to 800 nm. As can be 

seen from the figure, the absorption peak is around 530 nm 

with a sharp shift, which indicates that the gold 

nanoparticles are uniform in size. Transmission electron 

microscopy is a powerful tool for characterizing gold 

nanoparticles, which can visually obtain the size and shape 

of gold nanoparticles. Fig. 2 represents the transmission 

electron micrographs (TEM) image of freshly synthesized 

gold nanoparticles and the aggregation state of gold 

nanoparticles-Bismuthiol II. Transmission electron 

micrographs analysis revealed that the gold nanoparticles 

were spherical, and their average diameter was around 

13 nm. The upper right corner of Fig. 2 shows the color of 

the solution changing from red to light violet with the 

addition of Bismuthiol II to the gold nanoparticle solution. 

Fig. 3 shows the size distribution of gold nanoparticles in 

the TEM image. Transmission electron micrograph (TEM) 

images of newly synthesized gold nanoparticles are 

smoothed, segmented, area labeled, and feature extracted 

to obtain a size distribution histogram of gold 

nanoparticles. Each number in the X axis stands for a gold 

nanoparticle, while the Y axis corresponds to the size of 

gold nanoparticles. The size of most of the gold 

nanoparticles is similar. 

The sulphur atom of Bismuthiol II and the gold atom 

of gold nanoparticles can form an Au-S bond. The Au-S 

bond is stronger than that of the gold atom and the 

carboxyl of the sodium citrate on the surface of the original 

gold nanoparticles; thus the Bismuthiol II substitute 

induces gold nanoparticle aggregation, as the solution 

color changes from red to light violet, with a red shift of 

the absorption spectrum. 

 

Fig. 1. UV-Vis spectra of the solution with gold nanoparticles  

 

Fig. 2. Transmission electron micrographs image of gold 

nanoparticles and gold nanoparticles with Bismuthiol II 

 

Fig. 3. The size distribution histogram of gold nanoparticles 

With the addition of Hg2+ in the solution, Bismuthiol II 

combines with Hg2+ in an Hg-S bond, which is stronger 

than the Au-S bond with a red color. As the Hg2+ 

concentration increases, more Bismuthiol II will be 

combined with Hg2+, and less Bismuthiol II with gold 

nanoparticles, which inhibits gold nanoparticle aggregation 

[20]. As shown in Fig. 4, a characteristic absorbance of 

gold nanoparticles was observed at about 530nm; as the 
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Hg2+ addition increased, the absorbance intensity at 

530 nm increased while that at approximately 650 nm 

declined, demonstrating that Hg2+ can induce the 

disaggregation of complex gold nanoparticles and 

Bismuthiol II.  

 

Fig. 4. UV-visible spectra of gold nanoparticles with Bismuthiol 

II solution after the addition of mercury ions from the 

concentration of 0.05 µg/L to 1.00 mg/L 

The color change from light violet to wine-red 

indicated a dispersed state of gold nanoparticles. Fig. 5 

shows the different concentrations of Bismuthiol II affects 

the aggregation degree and absorbance of gold 

nanoparticles.  

 

Fig. 5. UV-visible spectra of gold nanoparticles with different 

concentrations of Bismuthiol II 

In the case of adding 3.0 µl of Bismuthiol II to the 

gold nanoparticles solution, the measured spectral curves 

have peaks at 530 nm and 650 nm, and the absorbance at 

650 nm is higher than 530 nm. According to the 

characteristic plasma resonance effect of gold 

nanoparticles, a large number of gold nanoparticles 

gathered. Bismuthiol II combines with Hg2+ in an Hg-S 

bond, which is stronger than the Au-S bond with a red 

color. Due to the excessive modifier Bismuthiol II, more 

mercury ions need to be combined to achieve the purpose 

of inhibiting the aggregation of gold nanoparticles, thereby 

reducing the sensitivity of mercury ion detection. And too 

few modifiers will reduce the entire detection range, while 

the color change is not obvious. When the concentration of 

modifier is 1.5 µmol/L, the color range of gold 

nanoparticles solution is wide and suitable for observation, 

and it is suitable for detecting low concentration of 

mercury ions. As shown in Fig. 6, when the buffer volume 

increased from 40 µl to 80 µl, the absorbance of the gold 

nanoparticles increased, and the absorbance at the peak at 

520 nm and 650 nm is getting closer. Indicating that the 

buffer to a certain extent can cause the aggregation of gold 

nanoparticles. Too small citric acid-sodium citrate as a 

buffer solution cannot play the role of pH value. But too 

much buffer will cause a large number of gold 

nanoparticles aggregation, thus affecting the detection of 

mercury ions. So using 70 µl volume of the buffer, which 

has little effect on the degree of aggregation of gold 

nanoparticles and absorbance is relatively large. 

 

Fig. 6. UV-visible spectra of gold nanoparticles with different 

volume buffer 

3.2. Spectra data pre-processing 

Fig. 7 to Fig. 12 represents the results of the different 

pretreatment methods for spectral data from 400 nm to 

800 nm. 

 

Fig. 7. UV-visible spectra of gold nanoparticles with Bismuthiol 

II solution after the addition different concentrations of 

mercury ions without pretreatment 



125 

 

 

Fig. 8. The results of Savitzky-Golay convolution smoothing 

 

Fig. 9. The results of first-order derivative 

 

Fig. 10. The results of second-order derivative 

Table 1 shows the results of different pretreatment 

methods for partial least squares models. The table 

employs 4 indexes to evaluate model accuracy, including 

the correlation coefficients for the calibration set (Rc), the 

correlation coefficients for prediction set (Rp), the root 

mean square error of calibration for the calibration set 

(RMSEC), and the root mean square error of prediction for 

the prediction set (RMSEP). 

 

Fig. 11. The results of multiplicative scatter correction 

 

Fig. 12. The results of standard normal variete  

Table 1. Comparisom of different data pretreatment methods for 

partial least squares models. Correlation coefficients for 

calibration set, correlation coefficients for prediction 

set, root mean square error of prediction set are used to 

compare the performance of models when using 

different pretreatment methods 

Pretreatment 

method 

PLS 

principal 

component 

Calibration set Prediction set 

Rc RMSEC Rp RMSEP 

No 

pretreatment 

(original data) 

2 0.9274 0.1156 0.9226 0.1665 

SG 

convolution 

smoothing 

2 0.9270 0.1160 0.9227 0.1662 

First-order 

Derivative 
6 0.9835 0.0559 0.7589 0.1762 

Second-order 

Derivative 
1 0.4893 0.2697 0.4365 0.2429 

MSC 1 0.9352 0.1095 0.9381 0.1637 

SNV 3 0.9319 0.1121 0.9076 0.1148 

SG: Savitzky-Golay 

MSC: Multiplicative scatter correction 

SNV: Standard Normal Variete 

PLS: partial least squares 

PLS: Partial Least Squares 

Rc: correlation coefficients for calibration set 

Rp: correlation coefficients for prediction set 

RMSEC: Root Mean Square Error of Calibration set 

RMSEP: Root Mean Square Error of Prediction set 
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The correlation coefficient represents the related 

degree between the two variables in the prediction set and 

calibration set; the closer and smaller the RMSEC and 

RMSEP are, the better the forecast prediction model [21]. 

Table 1 compares the forecast model indexes using 

different pretreatment methods. The RMSEP for the 

prediction set after the standard normal variate method 

processing is the smallest, which is close to RMSEC for 

the calibration set, 0.1121 mg/L and 0.1148 mg/L, 

respectively; at the same time; the Rc and Rp exceed 0.9, 

demonstrating that the models using the standard normal 

variate method pretreatment had the best prediction effect. 

Therefore, in this study, the standard normal variate 

method was adopted for preprocessing the spectral data 

before the models were built. 

3.3. Prediction models of mercury ions 

3.3.1. Principal component analyses (PCA) 

Principal Component Analyses can reduce 

dimensionality by establishing as few as possible new 

variables that are irrelevant in pairs and remain the original 

useful information based on the original variables. Firstly, 

several principal components must be chosen by 

calculating and ranking the variance contribution rate. 

Table 2 shows the sum of the variance contribution rate of 

the first 5 principal components with increasing order. The 

sum of the variance contribution rate of the first 3 principal 

components reached more than 95 %. Consequently, the 

first 3 principal components were chosen to build a linear 

regression model. 

Table 2. Principal components variance contribution rate. 

Variance contribution rate is calculated with different 

principal component number 

Principal component number Variance contribution rate, % 

1 53.25904 

2 88.74301 

3 95.45907 

4 96.59044 

5 97.70781 

Table 3 illustrates the results of the principal 

component analyses regression. The Rp of the samples for 

the prediction set was greater than 0.9, while Rc was 

0.9235. Additionally, RMSEC and RMSEP were small and 

close to each other at 0.1187 mg/L and 0.1139 mg/L 

respectively, demonstrating that the model is highly 

accurate. 

Table 3. Results of principal component analyses regression. 

Correlation coefficients for calibration set, correlation 

coefficients for prediction set, correlation coefficients 

for prediction set and root mean square error of 

prediction set are used to evaluate the accuracy of 

principal component analyses regression 

Detection 

object 
Calibration set Prediction set 

Mercury ions 
Rc Rc2 RMSEC Rp Rp2 RMSEP 

0.9235 0.8528 0.1187 0.9085 0.8254 0.1139 

3.3.2. Full bands partial least squares regression 

analysis 

A full band partial least squares model was built after 

the standard normal variate pretreatment; and three 

principal components were determined via the cross 

validation method. Rc2 was 0.9077 with Rp2 0.8238, as 

shown in table 4, while the RMSEC and RMSEP were 

0.1122 mg/L and 0.1148 mg/L, respectively, revealing the 

good predictive ability of this model. 

Table 4. Results of full band partial least squares model  

Detection 

object 
Calibration set Prediction set 

Mercury ions 
Rc Rc2 RMSEC Rp Rp2 RMSEP 

0.9319 0.8684 0.1122 0.9077 0.8238 0.1148 

3.3.3. Feature bands partial least squares regression 

analysis 

Since full bands have a large amount of data that must 

be processed, a quantitative calibration model built by 

selecting a feature band is preferable, as it could reduce 

calculation time and remove unwanted variables to obtain 

better predictive ability. 

Fig. 13 shows the negative correlation coefficient 

between the concentration of mercury ions and absorbance. 

Spectral data from 620 nm to 800 nm was chosen to the 

build partial least squares model, which was preprocessed 

using a standard normal variate method as well. The 

number of principal factors of the model was determined to 

be 4 by cross-validation method. 

 

Fig. 13. The correlation coefficient between the concentration of 

mercury ions and absorbance 

Table 5 shows the modeling results. Compared with 

the full bands partial least squares model, Rc and Rp were 

slightly larger, suggesting the higher relevance of the 

model; RMSEC and RMSEP were smaller and closer at 

0.0986 mg/L and 0.1020 mg/L, respectively, which 

demonstrates higher precision and better predictive ability. 

Table 5. Results of relevant band partial least squares model  

Detection 

object 
Calibration set Prediction set 

Mercury ions 
Rc Rc2 RMSEC Rp Rp2 RMSEP 

0.9477 0.8983 0.0986 0.9274 0.8601 0.1020 
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3.4. Comparison of results 

In this study, principal component regression analysis 

and partial least squares regression analysis were employed 

to build mercury ion concentration forecast models. By 

analyzing the results of different models, a linear 

relationship between the concentration and spectrum was 

obtained, indicating that it is feasible for the colorimetric 

method using gold nanoparticles to detect Hg2+. Compared 

to other models, the partial least squares model is more 

reliable, especially in the partial least squares model in the 

feature bands, where the Rc and Rp are highest, the 

standard deviation is lowest, and the predictive ability is 

optimal. 

3.5. Selectivity of gold nanoparticles and practical 

application 

To study the selectivity of this colorimetric sensor, 

several competitive metal ions involving Manganese ions 

(Mn2+), Copper ions (Cu2+), Magnesium ions (Mg2+), Zinc 

ions (Zn2+), Sodium ions (Na+), Calcium ions (Ca2+), Iron 

ions (Fe3+), Lead ions (Pb2+), Silver ions (Ag+), Nickel ions 

(Ni2+) and Cadmium ions (Cd2+) at a concentration of 

0.3 mg/L, which was 20 times higher than mercury ions, 

and water in the river were added to the GNPs-Bismuthiol 

II solution. The result indicated that the intensity of the 

surface plasmon resonance bands of other metals showed a 

slight change compared to the blank one, as shown in 

Fig. 14. And the solution color remained constant when the 

other metal ions were added, while the color changed to 

red after the addition of Hg2+. Fig. 14 also shows that the 

Hg2+ intensity gap is most obvious at 650 nm and 530 nm 

absorbance for various metals and river water. Table 6 

shows the absorbance ratio (A650/A530) of mercury ions, 

other metal ions and river water; other metal ions and river 

water showed significant values and more than the value of 

Hg2+ which is 0.0672. Hence, this colorimetric method can 

be used to detect mercury ions with high selectivity. This 

method was also tested in tap water, and the lowest 

detectable concentration of Hg2+ was estimated to be 

0.01146 mg/L. 

 

Fig. 14. The absorbance at 530 nm and 650 nm of gold 

nanoparticles with Bismuthiol II solution upon the 

addition of mercury ions and other metal ions 

In order to confirm the reliability of the colorimetric 

method， the same concentration of mercury ions were 

added to the GNPs-Bismuthiol II solution, respectively. 

The partial least square model was used to analysize the 

collected spectral data, whose results are shown in Table 7. 

The average recovery was 101.8 %, that was in the range 

of 95 % – 105 %, indicating that the method was reliable. 

Table 6. Comparison of absorbance ratio value (A650/A530) at 

650 nm and 530 nm of gold nanoparticles with 

Bismuthiol II solution upon the addition of mercury ions 

and other metal ions  

Heavy metal ions Ratio value of A650/A530 

Mercury Ions 0.0672 

Blank 0.4259 

River water 0.7698 

Manganese ions 0.8184 

Copper ions 0.7821 

Magnesium ions 0.6630 

Zinc ions 0.3984 

Sodium ions 0.4162 

Calcium ions 0.5008 

Iron ions 0.4300 

Lead ions 0.4521 

Silver ions 0.4926 

Nickel ions 0.5059 

Cadmium ions 0.5671 

Table 7. Results of mercury ion parallel experimental  

The number of 

measurements 

Spiked 

concentration, 

mg/L 

The average 

measured value, 

mg/L 

Average 

recovery, % 

5 0.3000 0.3114 103.8 

5 0.6000 0.5988 99.8 

4. CONCLUSIONS 

In summary, this study developed a simple, quick, 

easy-to-use, highly selective colorimetric method for 

detecting Hg2+ in aqueous media using gold nanoparticles 

with a suitable forecast model. Adding Hg2+ to the gold 

nanoparticles coated with Bismuthiol II changed the gold 

nanoparticles color and absorbance with the aggregation 

state of gold nanoparticles. The principal component 

analyses, full bands partial least squares regression, and 

relevant bands partial least squares regression were 

employed to build models to find the best forecast model 

based on the UV-Vis spectral data processing after the 

colorimetric reaction. In the best forecast model, that is, 

the relevant bands partial least squares model, Rc and Rp 

were 0.9477 and 0.9274, respectively, while the RMSEC 

and RMSEP were 0.0986 mg/L and 0.1020 mg/L, 

respectively. In addition, this colorimetric method 

exhibited excellent selectivity through adding several 

competitive metal ions to the GNPs-Bismuthiol II solution. 

These results show that spectroscopy combined with the 

colorimetric method using gold nanoparticles was 

successfully applied for detecting mercury ions in an 

aqueous media. Hence, it has a great potential application 

in the area of water quality monitoring and environmental 

pollution analysis. 
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