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Abstract -The authors describe a colorimetric method for 

the determination of Hg(II) ion. It is based on the color 

change from red to blue as displayed by gold nanoparticle 

(AuNP).AuNPs used in this method were synthesized by 

carboxymethyl locust bean gum (CMLBG) which acted as 

both reducing and stabilizing agent.  The synthesized 

nanoparticles were characterized by UV-visible 

absorption spectra, XRD, TEM and FTIR. The CMLBG 

capped AuNPs shown selective colorimetric response to 

Hg2+ ions with a visible colour change from red to blue. 

The colour change could be due to the Hg2+ induced 

aggregation of CMLBG capped AuNPs. The aggregation 

was first monitored using the naked eye and then UV–vis 

spectroscopy and TEM.Hence these AuNPs were applied 

as colorimetric probe for the selective and sensitive 

detection of Hg2+ ions, and with a detection limit of 50 nM 

was obtained.This simple, selective, and sensitive 

approach can be potentially applied for environmental 

aqueous samples. 

Keywords:   Green synthesis, Locust bean gum, Gold 

nanoparticles, Colorimetry, Mercury.  

 

1. INTRODUCTION 

Mercury (Hg) is a naturally occurring element that is 

found in water, air and soil. It exists in several forms: 

elemental or metallic mercury, inorganic mercury 

compounds, and organic mercury compounds. 

Physiologically, metallic mercury vapours and 

inorganic mercury can damage the heart, kidney, 

stomach, and intestines and, organic mercury 

derivatives (e.g., methyl mercury) affect many 

different areas of the brain and their associated 

functions. Mercury pollution comes from diverse 

sources including nature and human activities [1, 2].  

 Hence, there is a need to develop a suitable method 

for the selective, sensitive and efficient detection of 

Hg+2. Various techniques currently available for the 

detection of Hg2+ include electrochemical, 

inductively coupled plasma mass spectroscopy, 

inductively coupled plasma atomic emission 

spectroscopy, fluorescence chemosensors, 

atomicabsorption spectroscopy and 

chemiluminescence detection. These techniques 

require expensive instrumentation. Moreover, they 

are time-consuming and non-portable. Therefore, 

simple, rapid, low cost, and portable techniques for 

Hg2+ detection are highly required [3, 4]. 

Presently, methods such as colorimetry have been 

developed to allow miniaturization and field 

applications. Colorimetric methods based on 

nanomaterials of noble metal such as Au and Ag 

have been attracting great attention because of their 

distinctive advantages such as size, shape, cost 

effectiveness and inter particle distance 

dependencies . The colorimetric method of this 

detection can easily be monitored by using a UV-Vis 

spectrophotometer or our naked eye, without the 

need of any complicated instruments.  

In this context, gold nanoparticles-based sensors for 

Hg2+ have attracted a great deal of interest as AuNPs 

possess a strong surface plasmon resonance and high 

extinction coefficients of absorption properties [5]. 

The SPR band is sensitive to the shape, size, inter 

particle distance and dielectric properties of the 

surrounding medium. AuNPs in aqueous medium 

exhibit characteristic colours according to their size 

and morphology because of their SPR. Whereas, 

well-dispersed AuNPs in solution are ruby red in 

colour and aggregated AuNPs changes from red to 

bluish purple colour. The main aim of this study is to 

reveal that AuNPs synthesized by a green method 
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can be used for the efficient colorimetric detection of 

Hg+2 in aqueous media. The present study reports 

CMLBG reduced and stabilized AuNPs based 

colorimetric approach for the sensitive detection of 

Hg+2 in aqueous systems. 

Locust bean gum (LBG) is a naturally available 

polysaccharide component. This gum is basically 

cheap and easily available. LBG is a non gelling 

neutral polysaccharide which is highly viscous and 

relatively stable against variations in pH, salinity, 

and temperature. LBG is composed of 

galactomannans, which are a series of natural 

polysaccharides from various sources sharing a 

similar chemical structure of a β-1−4-D- mannose 

backbone substituted to varying degrees at the 6 

position with single α-linked D-galactose residues 

[6]. The extent of galactose substitution is a function 

of the source species. LBG is used as laxative, in 

cosmetics, food industries and in drug delivery 

systems. Chemical  modifications  of  natural  gums  

have  been  employed  to  improve  their  properties  

as biopolymer. Carboxy methylation is one of the 

several strategies used for functionalization of 

natural polymers. Carboxymethyl derivatives are 

usually polyelectrolytes with better aqueous 

solubility.  During earlier studies this approach has 

been used in drug delivery [7]. 

Here, we demonstrate a facile “green” synthesis of 

monodisperse AuNPs which utilize CMBGK as the 

reducing and stabilizing agent. The synthesized 

AuNPs were evaluated for their physical 

characteristics using UV-Vis, FTIR, XRD and TEM. 

The synthesized AuNPs were used for the simple and 

sensitive colorimetric method in the detection of 

Hg2+.  

 

2.  Experimental 

2.1 Materials68056544 

The starting materials for the synthesis of AuNPs 

were LBG, taken from Girijan Co-operative 

Corporation Limited, Hyderabad. HAuCl4.3H2O and 

other metal salts were purchased from E. Merck 

(Mumbai, India). All the reagents used were of 

analytical grade and used without further 

purification. 

2.2 Preparation of CMLBG 

Carboxymethylation of LBG was carried out 

employing monochloroacetic acid as reported earlier 

(Narayana, 1992). LBG (1 g) was dispersed in 80 ml 

of ice cold sodium hydroxide solution (45%, w/w) 

with the aid of stirring for 30 min, followed by 

addition of 10 ml of monochloroacetic acid solution 

(75%, w/v) under constant stirring. The reaction 

mixture was then heated to 70◦C under constant 

stirring for 30 min, cooled and suspended into an 

80% (v/v) methanol. The precipitate so obtained was 

then filtered and washed with glacial acetic acid till 

washings were neutral. The product so obtained, was 

washed three times with 60 ml portions of 80% (v/v) 

methanol, filtered and dried in an oven at 40◦C [8]. 

 

2.3 Synthesis of AuNPs using CMLBG 

In order to synthesize CMLBG capped gold 

nanoparticles, 1ml of 2 mM HAuCl4.3H2O and 3ml 

of CMLBG (0.5%) solution were taken in a boiling 

tube and the boiling tube was sealed with aluminium 

foil. The mixture was subjected to microwave 

irradiation for 60-90 Sec at 750 W power. The 

resulting solution was of blushing red colour, 

indicating the formation of gold nano particles.  

 

2.4 Colorimetric detection of Hg2+ 

The as-prepared CMLBG capped AuNPs were 

diluted to three times by DD water. HgCl2 stock 

solution was used for the Hg2+ detection studies. 

Various concentrations of Hg2+ were prepared by 

diluting the stock solution to test the sensitivity limits 

of the CMLBG capped AuNPs. Using the stock 

solution, 10 - 1000 nM of Hg2+ solution samples 

were prepared. The colorimetric detection of 

aqueous Hg2+ was performed at room temperature. 

500 µL of CMLBG-AuNPs solution was added to 

200 µL of Hg2+ solution having different 

concentrations and the corresponding UV–vis 

absorption spectra were recorded. In the experiments 

of selectivity, all samples were tested in a similar 

manner. The selectivity of this new approach for 

Hg2+ over other metal ions (Cr3+, Zn2+, Fe2+, Co2+, 

Cd2+, Mn2+, Ni2+, Cu2+ and Hg2+), under the same 

conditions has been investigated and reported in the 

present work. 

 

2.5 Analysis of real water samples 

Tap water samples were obtained from our institute.  

The water samples were filtered through a 0.22 µm 

syringe filters so as to remove any particulate matter. 

The water samples were spiked with standard 

Hg2+species at different concentrations and then 
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mixed with the stock solutions containing the 

CMLBG-AuNPs. 

2.6Characterization techniques 

The UV-Vis spectrophotometer were acquired on a 

UV–Vis 3600 (Shimadzu, Japan). FTIR spectra were 

recorded using an IR prestige 21 FTIR Spectrometer 

(Shimadzu, Japan). DSC were measured on Q20 

V24.10 Build 122. TGA were recorded with Q500 

V20.8 Build 34 Module. XRD were recorded with a 

Rigaku-Miniflex method with Cukα radiation. The 

SEM recorded on a ZEISS EVO instrument. The 

TEM were recorded on a Tecnai G2 FEI F12 

instrument operated at an accelerating voltage of 200 

kV.3. 

 

3. Results and discussion 

3.1. UV-Vis spectroscopy 

The formation of AuNPs with CMLBG as reduced 

and stabilizing agent was confirmed by the UV-Vis 

spectra, as shown in Fig.1a UV-Vis spectroscopy is 

an important technique to determine the formation 

and stability of nanoparticles in aqueous solutions. 

Generally colloidal solutions of AuNPs show a very 

intense color due to the SPR, which is absent in the 

bulk material as well as for individual atoms. After 

microwave irradiation the HAuCl4 containing gum 

solutions, the appearance of red color in the reaction 

mixtures was observed. This is a clear indication of 

the formation of gold nanoparticles. The formation 

of AuNPs with different CMLBG solution 

concentration (0.1% to 1%) is clearly evident from 

the UV-Vis absorption spectra as shown in Fig. 

1afrom the spectra, it can be seen that the amount of 

CMLBG solution plays a vital role in the formation 

of nanoparticles. The intensity of the SPR band at 

520 nm increased without any shift in the λmax with 

an increase in the concentration of CMLBGsolution 

from 0.1% to 1% at 1 mM concentration of HAuCl4 

[9]. The concentration of HAuCl4 strongly affect the 

concentration of AuNPs. As shown in Fig. 1b, the 

SPR band intensity increases with increase in 

concentration of HAuCl4 from 0.1 to 1 mM with 1% 

of CMLBG aqueous solution, indicating an 

increased rate of reaction with increase in the 

concentration of HAuCl4. 

 

Fig1.The UV–Vis absorption spectra of gold 

nanoparticles synthesized different 

concentrations of CMLBG (a) and different 

concentrations of HAuCl4 (b) 

 

3.2 FTIR Analysis of AuNPs 

 

Fig. 2. FTIR spectra of CMLBG and CMLBG 

capped AuNPs 

FTIR spectra of CMLBG and CMLBG-capped gold 

nanoparticles were recorded to study the interaction 

of functional groups of gum involved in the 

reduction of HAuCl4 and the stabilization of 

subsequently formed AuNPs. Fig. 2 shows the FTIR 

spectra of CMLBG and CMLBG capped AuNPs. 

The major stretching vibrational frequencies in the 

IR spectrum of CMLBG peaks are observed at 3440, 

2943, 1738, 1603, 1413, 1206,1142 and 1010 cm-

1[curve (a) of Fig. 2]. Fig.2 (curve b) shows FTIR 

spectrum of CMLBG capped AuNPs which shows 

the characteristic frequencies at 3377, 1748, 1595, 

1409, 1231, and 1016 cm-1. A shift in the peaks of 

the FTIR spectrum of CMLBG capped AuNPs was 

observed from 3440 to 3377cm-1 and 1603 to 1595 

cm-1. These shifts in the IR peaks suggest the binding 

of AuNPs with hydroxyl and carboxylate groups. 

Based on the peak shifts in the hydroxyl and carboxyl 

group, it can be inferred that both hydroxyl and 
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carbonyl groups of gum are involved in the synthesis 

and stabilization of AuNPs [10]. 

 

3.3 XRD Studies 

The formation of AuNPs was confirmed by XRD 

technique. For XRD analysis, the prepared sample 

was lyophilized, the precipitate obtained was kept 

under vacuum and used for the analysis. The 

diffraction peaks observed at 2 theta values 38.51, 

44.12, 64.24, and 77.63 were indexed as (111), (200), 

(220), and (311), respectively, as shown in the Fig. 

3. These results were agreed well with the reported 

standards of the Joint Commee on Powder 

Diffraction Standards (JCPDS NO. 04-0784) [11]. 

Thus the XRD pattern clearly shows that the 

synthesized AuNPs were crystalline. The average 

crystallite size of the AuNPs is calculated from XRD 

data using the Debye-Scherrer formula. D= 

0.9λ/βcosθ, Where D is the crystalline size, β is the 

full width at half maximum, λ is the wavelength of 

X-ray used (1.5406 Ao) and θ is the Bragg’s angle. 

The crystallite size was calculated to be 9.8 nm, 

which is good agreement with the TEM results. 

 

Fig.3. XRD pattern of gold nanoparticles stabilized 

by gum CMLBG 

3.4 TEM 

The green synthesized AuNPs were subjected to 

TEM to determine their size and shape. Fig. 4 shows 

that the prepared AuNPs are mainly spherical in 

shape. It is clear that the resultant AuNPs were 

completely revealing that the CMLBG can protect 

Au nanoparticles from aggregation effectively. The 

histogram was constructed by considering 125 

nanoparticles; it clearly suggests that the average size 

distribution is 12 ± 2 nm (Fig.4b). 

 

Fig .4. TEM images of synthesized AuNPs (a) 

and histogram of AuNPs (b) 

Colorimetric detection of Hg+2 

To evaluate the ability of CMLBG capped AuNPs as 

a colorimetric metal ion sensor for analytical 

applications, effect of different metal ions their SPR 

peak was studied by treating suitable amount of 

AuNPs solution with  Mn2+, Fe2+, Cu2+, Co2+, Cd2+, 

Pb2+, Ni2+, Zn2+ and Hg2+ metal ions each at a 

concentration of 1000 nM. As shown in Fig.5 the 

CMLBG capped AuNPs solution remained bright 

red and did not show any significant shift in the SPR 

band with the addition of 500 nM of these interfering 

ions except for Hg2+. Only Hg2+ ions caused a strong 

shift in the SPR peak position and visible color 

change from red to blue was observed. This explores 

the applicability of AuNPs as selective colorimetric 

sensor for the detection of Hg2+ions. These results 

clearly indicate that the CMLBG capped AuNPs had 

an extremely high selectivity to Hg2+, and could be 

employed as a selective colorimetric visual probe for 

Hg2+, and none of other metal ions interfered with the 

assay [7].  

To evaluate the detectable minimum concentration 

of Hg2+ in aqueous solution by color change, 

different concentrations of Hg2+ were added to the 

CMLBG-AuNPs solution. Hg2+ detection could be 

easily recognised by monitoring the color change of 

the CMLBG-AuNPs by the naked eye, UV–Vis 

absorption spectra and TEM. CMLBG stabilized 

AuNPs were red in color and exhibit a characteristic 

absorption band at 520 nm. Addition of Hg2+ to the 

CMLBG capped AuNPs solution would result in a 

significant change of color, from a red-wine color to 

blue which also accompanies a new absorption 

maxima at 647 nm in the corresponding UV-Vis 

spectrum [12]. This may be due to the formation of a 

chelation complex between the functional groups 
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(−COO−, −NH2, and −OH) on the surface of CMLBG 

capped AuNPs with Hg2+, resulting in the formation 

of aggregates and changes in the inter particle 

distances and correspondingly, their SPR features 

red shift, and the color of nanoparticles solution 

changes from red to blue. 

 

 

Fig 5. UV–Vis absorption spectra of CMLBG 

capped AuNPs with different metal ions of 1000 

nM concentration (a) and different 

concentrations of Hg+2(b) 

To confirm the chelation complex between Hg2+and 

CMLBG capped AuNPs solution, the morphology of 

the nanoparticles assembly was observed by TEM as 

shown in Fig. 6. The samples for TEM observation 

were prepared by dropping a small amount of the 

dispersion onto a carbon-coated copper grid and air 

drying. From the Fig.6, it can be noted that the 

CMLBG capped AuNPs in the presence of Hg2+ got 

aggregated and the diameter size of the aggregates 

greatly increased in comparison to that of ones 

without Hg2+ [13]. The results suggested that the 

aggregation of the nanoparticles only occurred in the 

presence of Hg2+ ions only.It was well-known that 

increasing the concentration of Hg2+ resulted in a 

decrease in the absorbance at 520 nm and a clear 

increase in the absorbance at 647 nm, which was 

ascribed to the absorbance of the aggregated 

CMLBG capped AuNPs. Thus, the ratio of the values 

of Absorbance 647/520 (A647/A520) can be used to 

express the molar ratio of aggregated and dispersed 

CMLBG capped AuNPs and a good linear 

relationship between A647/520 and the Hg2+ 

concentration is observed (Fig.6) in the range from 

10 to1000 nM (R2= 0.995) [14]. 

 

Fig.6. TEM image of AuNPs treated withHg2+ (a) 

and  absorption ratio (A647/A520) of AuNPs in the 

presence of different concentrations of Hg2+ 

 

3.5 Analysis of real water samples 

Additionally, practical applications were effectively 

carried out by using the CMLBG capped AuNPs for 

sensing Hg2+ in tap water samples. The recovery 

experiments with spiked Hg+2 were carried out and 

the results were shown in Table 1.The recovery for 

the sample was in the range of 85.0–102.7%. The  

experimental  results  clearly demonstrated  that  this  

colorimetric  assay  provided  a  potential application  

for  the  detection  of  Hg2+ in  environmental  

samples. 

samples Added(µM) Found 

(µM) 

Recovery 

(%) 

 0.2 0.17 85.0 

Tap 

water 

0.4 0.39 97.5 

 0.7 0.69 98.8 

 0.9 0.917 102.7 

Table1. Recoveries for the determination of Hg+2 

in real water samples 

 

4. CONCLUSIONS 

In conclusion, we have successfully developed a 

label free colorimetric probe for the sensitive and 

selective detection of Hg2+ ions using CMLBG 

functioned AuNPs. The use of natural 

polysaccharide as reducing, stabilizing and 

functionalizing agent avoids the use of toxic 

chemicals (reducing and functionalizing agents) and 

makes this method green and economical. With its 

high selectivity and sensitivity, the present detection 

system was successfully applied to the analysis of 

real water sample.  
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