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AuNPs phytosynthesized using the aqueous leaves extract of Rosa indica- wichuriana hybrid Francois guillot showed a well-

defined surface plasmon band centered at around 520 nm which is the characteristic of gold nanoparticles. HRTEM 

micrograph showed that the size of the AuNPs were in the range of 5-13 nm. The AuNPs were functionalized using 

glutathione via the thiol group from the cysteine moiety to develop highly responsive GSH- AuNPs probe for precise 

colorimetric detection of Cd2+. The functionalization was confirmed by FT-IR. Atomic absorption spectroscopy was used to 

quantify the heavy metals present in the two water samples collected from the water bodies in Ranipet, a suburb town 

and industrial hub of Vellore city in the state of Tamil Nadu in southern India. The colorimetric selectivity of the GSH- 

AuNPs probe to  the quantified metal ions Mg2+, Ca2+,Ba2+, Ni2+, Mn2+, Cu2+, Hg2+, Co2+, Cd2+, Cr3+, Fe2+ was ascertained by 

UV-Vis spectroscopy. The observations demonstrate that only Cd2+ stimulated the GSH- AuNPs solution to turn purple from 

ruby red and a substantial shift in the SP band to longer wavelength of 594 nm owing to GSH- AuNPs aggregation. The 

minimum and maximum detection limit of Cd2+ by GSH- AuNPs probe was inferred to be 30 nM-70 nM (3 ×10−8 M and 

7×10−8 M) respectively. The feasibility of employing the probe practically in the environment to detect Cd2+ was 

demonstrated using two water samples. The aggregation-based change in color from ruby red to purple resulted in less 

than 10 min. This result could be considered a straight forward and instantaneous detection of Cd2+devoid of any 

interference from other metal ions those were present in the water samples. 

1. Introduction 

Contamination of the environment with heavy metal ions like 

Mercury (Hg), lead (Pb), and cadmium (Cd) has been a major 

concern throughout the world for several decades, as it can 

cause long-term damage to many biological systems, which 

can disrupt biological events at the cellular level, and 

significant oxidative damage as they are also carcinogens. 

Heavy metal ions can cause severe risk to human health and 

the environment, it is imperative to develop methods for 

detecting them at low concentrations that are normally found 

in environmental samples1,2. Even trace amounts of heavy 

metal ions can pose detrimental risks to human health, so the 

sensitive, diligent, simple and reliable analysis of heavy metal 

ions is inevitable3.  

 Chemical pollution in water is one of the major threats to 

the environment, since polluted water poses a negative 

feedback to human health and welfare, and hinders the 

sustainable development of both society and the economy. 

The presence of chemical toxins, heavy metals, inorganic and 

organic pollutants in water, due to either natural or artificial 

processes, needs to be monitored constantly to safe guard the 

supply of clean drinking water to the public, and to control its 

impact on the environment and the ecosystem4,5. Several 

methods such as electrochemical analysis6, atomic absorption 

spectrometry7,8, inductively coupled plasma atomic emission 

spectrometry9 inductively coupled plasma mass spectrometry 
10 and molecular fluorescence spectroscopy11 have been 

developed for the detection of heavy metals in environmental 

samples. Most of the methods are expensive, intricate and 

arduous for in situ detection. In recent years, the combination 

of nanotechnology, chemistry, physics and biology has enabled 

the development of ultra-sensitive detection and imaging 

methods, including applications in electronic, magnetic, 

environmental, pharmaceutical, cosmetic, energy, opto-

electronic, catalytic, and material fields12,13. 

 Cadmium is a heavy metal that is released both from 

natural sources (leaching of cadmium rich soils) and 

anthropogenic activities (mining, smelting, electroplating, 

manufacturing of batteries and pigments that utilize cadmium) 
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to the aquatic and terrestrial environments14. Moreover, 

atmospheric deposition of airborne cadmium, and the 

application of cadmium-containing fertilizers, sewage sludge 

on farm land may lead to contamination of soils and increased 

cadmium uptake by crops and vegetables consumed by human 

beings15. Cadmium has been considered more toxic (toxic at 

levels one tenth) than lead, mercury, aluminium or nickel16 

and ranked the 7th toxicant in the Priority List of hazardous 

Substances of the Agency for Toxic Substances and Disease 

Registry17,18. Cadmium is regularly found in ores together with 

zinc, copper and lead. Therefore volcanic activity is one natural 

reason for a temporary increase in environmental cadmium 

concentrations. Cadmium is widely used in industrial 

processes, as an anticorrosive agent, stabilizer in PVC 

products, color pigment, neutron absorber in nuclear power 

plants, and in the fabrication of nickel-cadmium batteries. 

Phosphate fertilizers also show a big cadmium load. Although 

some cadmium-containing products can be recycled, a large 

share of the general cadmium pollution is caused by dumping 

and incinerating cadmium-polluted waste19. Cadmium is 

classified as a prevalent toxic element with biological half-life 

in the range of 10–30 years, and is known to damage organs 

such as kidneys, liver and lungs, even at its very low 

concentration level20. 

 For the past decade, nanoparticles (NPs) are being utilized 

as functional probes for analysing toxins, metal ions, and 

inorganic and organic pollutants21 in the field of environmental 

monitoring. The major hazardous metals of concern for India 

in terms of their environmental load and toxic effects to 

human health are lead, chromium, mercury, cadmium, copper 

and aluminium22. Sensing approaches based on NPs 

aggregation (colorimetric assays) have received considerable 

attention not only because of their excellent analytical 

performance exhibited in terms of high selectivity, rapidity, 

sensitivity, ease of detection but also because of their extreme 

simplicity and low cost when compared to highly sophisticated 

instrumental based sensing approaches that are not cost 

effective, since NPs based colorimetric assays do not require 

any expensive or complex instrumentation23. 

 In recent years, gold nanoparticles (AuNPs) have been 

widely used as colorimetric probes for chemical sensing and 

biosensing of various substances24, such as viruses25, protein 
26, DNA27, cancerous cells28, metal ions29-31 and small molecules 
32,33 relying on their unique size-dependent and/or 

interparticle-distance dependent absorption spectra and 

solution color. One of the most important characteristics of 

AuNPs (metal NPs) is their localized surface plasmon 

resonance (LSPR) which refers to the collective oscillation of 

the conducting electrons of AuNPs when their frequency 

matches that of the incident electromagnetic radiation34. 

Strong absorption bands or increased scattering intensity of 

the radiation occurs at certain wavelengths for the AuNPs as a 

result of this phenomenon35. LSPR of the AuNPs is mainly 

related to the size, shape, composition, interparticle distance, 

and dielectric constant (refractive index) of the surrounding 

medium36-38. Based on these exhibiting LSPR features, one of 

the most interesting fields of work in analytical 

nanotechnology is related to sensing approaches based on 

metal NPs aggregation39. As gold nanoparticles (AuNPs) have 

emerged as a promising colorimetric probe that supports 

naked-eye-based readout methods, even at nanomolar 

concentrations that show observable red-to-blue color change 

upon nanoparticle aggregation due to their high extinction 

coefficient40-42 there is a need for “green chemistry” that 

includes a clean, nontoxic, and environment-friendly method 

of gold nanoparticles synthesis. There are many reports on 

using chemically synthesized AuNPs as colorimetric sensors for 

heavy metal detection, some of which are listed in synoptic 

Table S143-61. From the synoptic table it is worth mentioning 

that there are not many reports on using AuNPs synthesized 

using plant extract as colorimetric sensor for heavy metal 

detection.  

 As an alternative to conventional physical and chemical 

methods, biological methods are considered safe and 

ecologically sound for the nanomaterials fabrication62,63. With 

the development of new protocols based on chemical or 

physical methods, there is an alarming concern about 

environmental contamination as the chemical procedures 

involved in the synthesis of nanomaterials generate a large 

amount of hazardous by-products. The physicochemical 

characteristics of the surfaces of AuNPs determine their 

analytical applications as the sensitivity and the selectivity of 

these materials are directly related to their surface.  In this 

regard, surface functionalization plays a crucial role in 

increasing the analytical applicability of AuNPs. Appropriate 

functionalization of AuNPs can improve their properties and 

increase their selectivity, consequently enlarging their 

applications64. The high inclination of thiol-containing 

glutathione (GSH) to bind the surface of AuNPs and the 

presence of six potential coordination sites for metal binding, 

intrigued us to exploit those properties and utilize GSH to 

functionalize the phytosynthesized AuNPs. GSH has two free -

COOH groups and a NH2 group to provide a hydrophilic 

interface and a handle for further reactivity with other 

functional molecules. GSH plays an important role in heavy 

metal detoxification in cells in plants, yeasts, and bacteria, 

allowing the latter to grow in toxic soils. The physiological 

mechanism of detoxification involves the binding of heavy 

metal ion clusters by GSH, followed by metal-GSH complex 

polymerization to form metal sulphide - phytochelatin core-

shell nanoparticles65. The cysteine residue on GSH renders it 

an important antioxidant capacity that acts as a substrate for 

the regeneration of other essential antioxidants66. 

 Ranipet is an industrial area located at about 120 km from 

Chennai on Chennai-Bangalore highway and is a chronic 

polluted area identified by Central Pollution Control Board of 

India. It is one of the biggest exporting centers of tanned 

leather in India. The total number of industries located in and 

around Ranipet town are 240 tanneries along with ceramic, 

refractory, boiler auxiliaries’ plant, and chromium chemicals. 

The water bodies in the area are highly contaminated due to 

industrial effluents showing very high concentrations of toxic 

heavy metals like cadmium, chromium, copper, nickel, lead 

and mercury. The concentration levels of these metals are 
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much above the permissible limits in surface water and are 

health hazards especially for the people working in the tannery 

industries. It was observed that the people in the area are 

seriously affected and suffering from occupational diseases 

such as asthma, chronic ulcers and skin diseases67. This 

explains the reason why water samples were collected from 

this area for real time demonstration of the GSH- AuNPs 

colorimetric sensor in the detection of Cd2+. 

 The prominence of the present work stems from the fact 

that an eco-friendly colorimetric probe with high 

responsiveness, considerably low detection limit range, and 

rapid detection time has been devised using GSH 

functionalized phytosynthesized AuNPs and has also been 

demonstrated with experimental evidence.  To the best of our 

knowledge, this is the first report on using AuNPs synthesized 

using the leaves extract of Rosa indica- wichuriana hybrid 

Francois guillot in AuNPs- based assays for Cd2+. Besides, the 

present approach has been successfully applied to assess its 

feasibility to detect Cd2+ in heavy metals contaminated water 

samples. 

2. Experimental 

2.1 MATERIALS  

Chloroauric acid (HAuCl4•3H2O), trisodium citrate dihydrate, 

(Na3C6H5O7.2H2O) glutathione reduced (C10H17N3O6S) were 

procured from SRL, Mumbai, India and were used as received 

without further treatment or purifications. Stock and other 

aqueous solutions were prepared using Millipore purified 

water having 18.2 MΩ cm electrical resistivity to rule out any 

possible interference to the analytical probe. All glassware 

were thoroughly cleaned with freshly prepared aqua regia (3:1 

(v/v) HCl/HNO3 and rinsed thoroughly with Mill-Q (18.2 MΩ 

cm) water prior to use. The metal salts cadmium chloride 

(CdCl2), calcium chloride (CaCl2), manganese chloride (MnCl2), 

magnesium chloride (MgCl2), barium chloride (BaCl2), mercuric 

chloride (HgCl2), chromium trichloride (CrCl3), ferrous chloride 

(FeCl2), copper sulphate pentahydrate (CuSO4•5H2O), nickel 

chloride (NiCl2), cobalt chloride (CoCl2) procured from Sigma-

Aldrich, Bangalore, India were used as received to test the 

selective colorimetric sensitivity of the AuNPs probe to the 

metal ions Cd2+,  Ca2+, Mn2+, Mg2+, Ba2+, Hg2+, Cr3+, Fe2+, Cu2+, 

Ni2+, Co2+ respectively. 

 
2.2 Collection of heavy metals contaminated 
water samples 
Two samples (sample 1 and sample 2) of heavy metals 

contaminated water were collected from the water bodies in 

the industrial and (Fig. S1a) residential area (Fig. S1b) taken for 

study. These samples were collected in 1-1 capacity, double 

cap polythene bottles which were thoroughly washed with 1 

mol/L nitric acid and left for 2 days in the laboratory followed 

by thorough rinsing with distilled water to avoid any possible 

contamination in bottling and every other precautionary 

measure was taken before filling the bottle with the sample.  

2.3  Preparation of leaf extract 

Aqueous extract of Rosa indica- wichuriana hybrid Francois 

guillot was prepared following the procedure as reported in 
our previous work68. 

2.4 Phytosynthesis of gold nanoparticles, 

characterization and chemical synthesis of gold 

nanoparticles(control) 

For the phytosynthesis of gold nanoparticles, 1 mL of 1 mM 

HAuCl4 was added to 9 mL of the aqueous extract of Rosa 

indica- wichuriana hybrid Francois guillot leaves (Fig. 1a). The 

overall optimized reaction condition was observed in 1 mM 

HAuCl4 solution and neutral pH. This setup was incubated in 

dark at 37˚C under static condition. The solution turned ruby 

red in color within 20 min (Fig. 1b) indicating the synthesis of 

AuNPs. After the synthesis process was completed by reducing 

metal ion solution with leaves extract, surface plasmon 

resonance of gold nanoparticles was easily confirmed by UV–

vis spectroscopy. The reaction mixture was sampled at regular 

intervals and the absorption maxima were scanned at the 

wavelength of 400 nm– 800 nm in UNICAM UV 300 

spectrophotometer. The phytosynthesized AuNPs gave sharp 

peak in the visible region of the electromagnetic spectrum. 

The X-ray powder diffraction data was acquired by PAN 

analytical X’Pert PRO diffractometer in Bragg–Brentano 

geometry using step scan technique and Johansson 

monochromator to produce pure Cu Kα1 radiation (1.5406 Å; 

45 kV, 30 mA) in the range of 20°–90°. The peaks were 

matched with (JCPDS No. 01-1174). The obtained pattern was 

for fcc cubic crystal structure. The peak plane matched with 

the card. The crystalline size was calculated from the full-width 

at half-maximum (FWHM) of the diffraction peaks using the 

Debye–Sherrer formula (1) 

 

D = 0.89 λ / β cos θ                          (1) 

 

Where, D is the mean grain size, λ is the X-ray wavelength for 

Cu target, β is the FWHM of diffraction peak and θ is the 

diffraction angle. In order to measure the size of nanoparticles 

accurately each peak is Gaussian fitted and also the 

instrumental broadening is subtracted using Si standard 

sample broadening. The FT-IR spectra for phytosynthesized 

AuNPs, were recorded on an IR Affinity-1 SHIMADZU 

spectrophotometer in transmittance mode in the range of 400 

cm-1 - 4000 cm-1 at a resolution of 4 cm-1.  For high resolution 

transmission electron microscope (HRTEM) measurements, a 

drop of solution containing synthesized gold nanoparticles was 

placed on the carbon coated grids and kept under vacuum 

desiccation over night before loading them onto a specimen 

holder. HRTEM micrographs were taken by  
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analysing the prepared grids on 300 kv field emission HRTEM 

FEI, TECHNAI G2 30 S-twin D905 with a capability of energy-

dispersive analysis of X-ray (EDAX) attachment. Gold 

nanoparticles were chemically synthesized using the chemical 

reduction method as reported by Turkevich et al 69. To the 

rapidly-stirred boiling solution of 20 mL of 1 mM tetra 

chloroauric acid, 2 mL of 1% solution of trisodium citrate 

dihydrate was added under constant stirring. The gold 

nanoparticles gradually formed as the citrate reduces the gold. 

The solution was removed from heat when the solution turned 

deep red after 10 min. 

2.5  Optimized preparation of GSH 

functionalized –AuNPs probes 

The Glutathione is a natural tripeptide (GSH) that contains a 

NH2 group, an –SH and two free -COOH groups to provide a 

hydrophilic interface and a handle for further reactivity of 

AuNPs with other functional molecules. GSH was immobilized 

on the surface of AuNPs via the thiol group from the cysteine  

moiety. For the optimization and preparation of GSH 

functionalized-AuNPs probes with designate ratios, in a typical 

experiment, 300 µL of phytosynthesized AuNPs solution was 

each added with 0.1 M (pH.8) GSH stock solution of 10 µL, 20 

µL, 30 µL, 40 µL, 50 µL, 60 µL, and 70 µL. After being stirred for 

90 min at room temperature, each solution was stored at 4oC 

for at least 48h to ensure self-assembly of the GSH onto the 

surface of AuNPs before characterization by UV-visible 

spectroscopy.  From the resultant solutions, 0.1 M of 50 µL 

GSH stock solution added with 300 µL of AuNPs solution was 

very stable without any observable colour change which is 

indicative of non-aggregation of AuNPs. Further, the 

aforementioned stable GSH-AuNPs was purified twice by 

centrifugation. In each cycle, the supernatant was decanted 

without disturbing the precipitate for the removal of 

unadsorbed free GSH molecules in the solution. The 

precipitate was collected and redispersed in water to obtain 

the fourier transform infrared (FT-IR) spectra on IR Affinity-1 

SHIMADZU spectrophotometer in transmittance mode in the 

range of 400 cm-1  – 4000 cm-1 at a resolution of 4 cm-1 for the 

confirmation of the chemical modifications by analyzing the 

functional groups those were involved in the functionalization 

method and for further heavy metal detection assay.70 

Similarly, chemically synthesized AuNPs- GSH probe was 

prepared following the afore-mentioned procedure. 

2.6  Quantification of heavy metals present in 

the collected water samples 

The two samples (sample 1 and sample 2) of heavy metals 

contaminated water collected from the areas of study were 

subjected to atomic absorption spectroscopy analysis to 

quantify the number of heavy metals and several commonly 

existing metal ions present in the samples. For reference 

solutions, 70 nM stock solutions of the metal salts of 

commonly existing and previously reported metal ions67 were 

prepared by individually weighing out a specific amount of the 

metal salts, transferring into a 100 mL volumetric flask and 

dissolving completely by adding deionized water to make ionic 

solution of each metal. Typically, 5 mL each of sample 1 and 2 

were used for the analysis. The purity of the reagents and 

standards used to calibrate the AAS (Atomic absorption 

spectroscopy- Perkin elmer, Aanalyst 700) instrument is crucial 

to the analytical accuracy and precision of the results. Reagent 

blanks were also used to zero the instrument. Therefore, lab 

reagent water must be of the highest quality to prevent 

interferences. The account of metal ions detected 

quantitatively in the two samples of heavy metals 

contaminated water is tabulated in Table S2. 

 

2.7  Colorimetric selectivity test of GSH- 
AuNPs probe to different metal ions 
 
Having quantified the metal ions present in the two samples of 

heavy metals contaminated water by atomic absorption 

spectroscopy, it is indispensable to ascertain the colorimetric 

selectivity of the developed GSH- AuNPs probe to the detected 

metal ions. This step is considered crucial to narrow down to 

one specific heavy metal ion to which the developed GSH- 

AuNPs probe is colorimetrically sensitive. To scrutinize the 

metal ions recognition ability of GSH-AuNPs probe, 

representative alkaline earth metal ions (Mg2+, Ca2+,Ba2+), and 

transition-metal ions (Ni2+, Mn2+, Cu2+, Hg2+, Co2+, Cd2+, Cr3+, 

Fe2+), 0.5 mL of the previously prepared respective metal salts 

solution were added in the same concentration (70 nM) 

individually to the solution of GSH-AuNPs (2 mL), and 

incubated for 20 min at room temperature.71 As, only the Cd2+ 

metal ion solution induced the colour of GSH- AuNPs solution 
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to change from ruby red to blue grey under otherwise the 

same conditions, this indicates the GSH- AuNPs probe is 

colorimetrically highly specific to Cd2+ ions. Furthermore, 

chemically synthesized AuNPs- GSH probe was used as control 

to validate the selectivity of phytosynthesized AuNPs - GSH to 

Cd2+.  The colorimetric assay could now be narrowed down 

only to Cd2+ ruling out all the other metal ions those were 

tested for selectivity. This would help us achieve interference 

free precise detection of Cd2+using GSH- AuNPs probe. 

2.8 Cadmium detection assay using GSH-AuNPs 

probes 

To deduce the minimum detection limit of Cd2+ by GSH-AuNPs 

probe 0.5 mL of standard cadmium solution of 10 nM (1 × 10−8 

M), 20 nM (2 ×10−8 M), 30 nM (3 ×10−8 M), 40 nM (4 ×10−8 M), 

50 nM (5 ×10−8 M), 60 nM (6 ×10−8 M), 70 nM (7 ×10−8 M) were 

added individually to 2 mL of GSH-AuNPs solution (λ max=520 

nm). The absorption spectra changes of GSH-AuNPs after the 

addition of different concentrations of Cd2+ were scanned at 

the wavelength of 400 nm– 800 nm in UNICAM UV 300 

spectrophotometer. To confirm the feasibility of employing 

the GSH-AuNPs probe practically in the environment to detect 

Cd2+, the collected heavy metals contaminated water samples 

(0.5 mL) were added to 2 mL of the GSH-AuNPs solution to 

check for the changes in absorption spectra and colour change 

from ruby red to purple. 

3. Results and discussion 
 
3.1 Characterization of the phytosynthesized 
AuNPs 
The UV-Vis spectra (Fig. 1c) show a well-defined surface plasmon 

band centered at around 520 nm, which is the characteristic of gold 

nanoparticles and clearly indicates the formation of gold 

nanoparticles in solution. It may be due to the excitation of surface 

plasmon resonance (SPR) effect and reduction ofAuCl4– ions.  

The stability results from a potential barrier that develops as a 

result of the competition between weak Vander Waals forces of 

attraction and electrostatic repulsion.72 The solution was stable 

even after 120 days of synthesis, with no evidence of aggregation of 

particles. The crystalline nature of AuNPs was confirmed from X-ray 

diffraction (XRD) analysis. Fig. 1d shows the XRD pattern of the 

synthesized AuNPs. The five diffraction peaks were observed at 38°, 

45°, 67°, 78° and 81°  in the 2θ  range can be indexed to the (111), 

(200), (220), (311), (222) reflection planes of  face centered cubic 

structure of metallic gold nanopowders. HRTEM micrographs of the 

phytosynthesized gold nanoparticles are shown in Fig. 2a and 2b. 

Monodispersed, discrete spherical shaped gold particle was 

observed in HRTEM micrograph. HRTEM micrograph showed that 

the size of the phytosynthesized gold nanoparticles were in the 

range of 5-13 nm. The particles size distribution histogram 

determined from micrograph is shown in Fig. 2c. EDAX spectra of 

gold nanoparticles (Fig. S2) show different X-ray emission peaks 

with strong signals from the atoms in the gold nanoparticles. This 

indicates the reduction of gold ions in the chloroauric acid to 

elemental gold. The average size of the gold nanoparticles was 

found to be about 12 nm. The FT-IR spectra of AuNPs (Fig. 3a) show 

the presence of peaks at 2922 cm-1, 1647 cm-1, 1463 cm-1, 1374 cm-

1. The strong absorption peak at 1647cm−1 corresponds to Alkenyl 

C=C stretch which is the characteristic of gold atoms.73 The peaks at 

2922 cm-1, 1463 cm-1 and 1374 cm-1 correspond to C-H stretching 

vibration, aromatic ring stretch and methyl C-H symmetrical bend 

respectively. HRTEM micrograph of chemically synthesized 

AuNPs (control) showed that the size of the synthesized gold 

nanoparticles were in the range of 5-20 nm (Fig. S3a and S3b). 
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3.2 Optimized preparation of GSH functionalized–
AuNPs probes 
 

AuNPs are very sensitive to change in the concentration of ions in a 

given solution. Addition of metal salts will alter the ionic balance, 

screen the electrostatic repulsion between AuNPs and subsequently 

result in agglomeration. Surface functionalization of such 

nanoparticles becomes necessary for applications such as 

colorimetric sensor. The absorption spectra of the nanoparticles 

after exposure to varying amounts of metal ions are almost 

identical due to aggregation. It is rather difficult to estimate the 

concentration of the metal ion to which the AuNPs are precisely 

sensitive through optical characterization due to the lack of a 

unique signal for different concentrations. Hence it becomes 

important to functionalize the AuNps with a material that is not 

sensitive to the minor changes in electrolyte composition and at the 

same time exhibits affinity towards the metal ions employed for 

colorimetric detection74-77. The affinity of the GSH towards heavy 

metals has been well documented in many reports since years. 

Among the six potential coordination sites for the metal binding, 

the sulfhydryl site in GSH shows highest affinity towards metal ions 

like Cu2+, Cd2+, Hg2+ and Pb2+ comparing to other sites namely 

cysteinyl, glutamyl amino, glycyl, glutamyl carboxyl groups and the 

two peptide linkages55. Furthermore, thiol-containing glutathione 

has high affinity towards the surface of AuNPs that can be finely 

described by the hard–soft acid-base theory78. This explains the 

reason why GSH was chosen to surface functionalize the 

phytosynthesized AuNPs. Amongst different range of concentration 

of 0.1 M GSH from 10 µL upto 70 µL, 50 µL of GSH stock solution 

added with 300 µL of AuNPs solution was very stable without any 

observable color change which is indicative of non-aggregation of 

AuNPs. Fig. 4a shows the UV- Vis absorption spectra of 

phytosynthesized  AuNPs functionalized with 0.1 M GSH from 10 µL 

upto 70 µL. A hypsochromic shift could be observed in the 

absorption spectra of 10 µL, 20 µL and 30 µL 0.1 M GSH added to 

AuNPs. Albeit the stabilization of the AuNPs through a non-covalent 

interaction with the GSH moiety,10 µL, 20 µL and 30 µL were not 

sufficient enough and directly influences the LSPR of the AuNps in 

the form of uniform blue shift. Nevertheless, this indicates the 

specificity of interaction of GSH with AuNps.  
The large shifting of the LSPR of AuNPs added with 60 µL and 70 µL 

0.1 M GSH might have resulted due to the strong interaction of the  

thiols with the AuNPs surface, thereby inducing significant charge 

redistribution, electronic interaction, and forming strong covalent 

bonds to the surface of AuNPs through back π-bonding from the 

sulfur78. The phytosynthesized AuNPs were found to be quite stable 

with 50 µL GSH probably due to strong interparticle electrostatic 

repulsion between the carboxylate anion of glutathione capping on 

the nanoparticles surface. The stability and non-aggregation of 

GSH-AuNPs could also be ascribed to the electrostatic repulsion 

between negatively charged carboxylic groups in the form of 

zwitterions present in GSH and negatively charged AuNPs. The 

aforementioned rationale apparently leads to weaker hydrogen 

bonding interactions and perhaps no aggregation of GSH- AuNPs79. 

Furthermore, the FT- IR spectra of GSH (Fig. 3b) and GSH- AuNPs 

(Fig. 3c) furnish a strong evidence for the functionalization of AuNps 

via the thiol group from the cysteine moiety of GSH. The 

characteristic absorption peak for–SH at 2534 cm−1 which was 

found in GSH has disappeared in GSH-AuNPs, whereas the peak at 

1647 cm−1 corresponding to Alkenyl C=C stretch, the characteristic 

of gold atoms is retained illustrating the stability of AuNPs even 

after functionalization. HRTEM micrograph of AuNPs functionalized 

with 50 µL GSH (Fig. 2d) depicts uniform dispersion of GSH-AuNPs 
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with small domains of well-defined and evenly spaced two-

dimensional features80. This could be attributed to the weak 

hydrogen bonding of –COOH groups between the adsorbed GSHs 

and AuNPs leading to the non-aggregated interparticle assembly of 

GSH- AuNPs. This observation is in concurrence with those reported 

by H. Li et al. for GSH- AgNPs71. The stability of (0.1 M) 50 µL GSH 

added AuNPs is corroborated by the absorption spectra recorded 

on different times (Fig. 4b). No obvious change in the shape, 

position and symmetry of the absorption peak was observed even  

upto 720 h except for a hypochromic effect towards the end of 720 

h. The result indicates GSH-AuNPs are relatively stable over a 

considerable period of time71. Fig. S3c shows the UV-Vis absorption 

spectra of chemically synthesized AuNps (control) before and after 

functionalization with GSH. 

 

3.3 Colorimetric selectivity test of GSH- AuNPs 
probe 
 

The colorimetric selectivity test of GSH- AuNPs probe 

supported by the surface plasmon resonance (SPR) band in 

Fig. 5a and the corresponding photo images (Fig. 5b) of GSH-

AuNPs containing Mg2+, Ca2+, Ba2+, Ni2+, Mn2+, Cu2+, Hg2+, Co2+, 

Cd2+, Cr3+, Fe2+ ions (0.5 mL, 70 nM) demonstrate that only 

Cd2+ stimulated the GSH-AuNPs solution to turn purple from 

ruby red owing to GSH-AuNPs aggregation.  

The SPR peak of GSH-AuNPs containing Cd2+ ions exhibited 

broadening and a substantial shift in the plasmon band energy  

to longer wavelength of 594 nm besides a ruby red-to-purple 

color change. The mechanism could be attributed to the 

metal-ligand interaction of Cd2+ with GSH in a chelating 

reaction. The aggregation of GSH-AuNPs could have been 

induced by the coordination between Cd2+ and carboxylate of 

GSH. Cd2+ ion would have formed a complex with GSH via the 

free sulfhydryl group and also to the carboxyl groups. Similar 

observation was made by Chai et al., for Pb2+ ions61. It has 

been reported that GSH is an efficient detoxification agent of 

Cd2+, which indicates that GSH can strongly interact with Cd2+. 

There are reports that Cd2+ could interact with GSH to form a 

spherical shaped (GS)4 Cd complex while other metal ions, 

including Hg2+ and Pb2+, interact with GSH to form linear GS-M-

SG complexes. The spherical shaped (GS)4 Cd complex has 

more net negative charge than that of the linear GS-M-SG, so 

the (GS)4Cd complex shows weaker interaction with AuNPs 

and cannot stabilize AuNPs well thereby leading to 

aggregation43,81. As H. Li et al., reported that Ni2+ ions bind well 

to groups or ligands containing lone pair electron such as –

NH2, –COOH via the coordination bond and as glutathione 

contains –NH2, and –COOH, both the terminal carboxylate 

groups of glycine moiety and the free –NH2 groups from 

glutamate moiety were supposed to be responsible to bind to 

the Ni(II) center and also participate in cross-linking, we can 

anticipate the same mechanism to be associated with the Cd2+ 

induced aggregation of GSH - AuNPs and resultant batho-

chromic shift as Cd2+ belongs to the same group of transition 

metals as Ni2+ 71. Whereas, the chemically synthesized AuNPs- 

GSH probe (control) showed colorimetric selectivity to Cd2+ 

besides the interference of  Ni2+, Fe2+, Hg2+, Cr3+ ions which is 

depicted in Fig. S4a and S4b as surface plasmon resonance 

Fig. 6 (a) Cd2+ concentration-dependent absorption spectra of 

GSH-AuNPs (b) Effect of Cd2+ concentration on the absorbance 

ratio of A600/A520 
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(SPR) band and the corresponding photo images respectively. 

 

3.4 Cadmium detection assay using GSH-AuNPs 
probes 
Fig. 6a illustrates the absorption spectra changes of GSH-AuNPs 

after the addition of different concentrations of Cd2+. The figure 

manifests that as the concentration of Cd2+increases from 10 nM to 

70 nM a red shift in wavelength and a broadening of the surface 

plasmon absorption band occurs accompanying a color change in 

the solution from ruby red to purple. In the first two cases (10 nM 

and 20 nM), no spectral and color changes were observed, however 

upon the addition of 30 nM Cd2+ ions a slight bathochromic shift 

resulted. Apparently, a progressive substantial shift in the plasmon 

band energy to longer wavelength besides a ruby red-to-purple 

color change for subsequent concentrations of 40 nM, 50 nM, 60 

nM, 70 nM was observed. Therefore, the detection limit depends 

on the concentration of the metal ions added to the GSH- AuNPs 

and the minimum and maximum detection limit was inferred to be 

30 nM (3×10−8 M) and 70 nM (7×10−8 M)respectively. Fig. 6b shows 

a linear relation between the ratio of A600/A520 and concentration of 

Cd2+ in the range of 10 nM (1×10−8 M) – 70 nM (7×10−8 M). Quite 

interestingly, the values of absorption ratio A600/A520 of GSH-AuNPs 

were directly proportional to the increase in concentrations of Cd2+ 

ions. This signifies a convincing concurrence to the aforementioned 

data on the increase in bathochromic shift of the absorption spectra 

of GSH- AuNPs added with different concentrations of Cd2+ ions. 

HRTEM micrographs (Fig. 7) of GSH- AuNPs added with different 

concentrations of Cd2+ ions show the increasing order of 

aggregation of the GSH-AuNPs and subsequent ruby red-to-purple 

color change (inset). The extent of aggregation depends on the 

concentration of Cd2+ ions in the solution. As the observations 

indicate plausible red shift of the SP band and the color change 

from ruby red to purple for the Cd2+ concentration of just 70 nM, 

there is no reason why concentrations beyond 70 nM should be 

assessed in the detection assay. The aggregation time of GSH-

AuNPs added with different concentrations of Cd2+ ions are 

depicted in Fig. 8. The time required for aggregation of GSH- AuNPs 

is inversely proportional to the concentration of Cd2+ ions.  

This explains that the low concentrations of Cd2+ (10 and 20 nM) are 

too minimum to bring about rapid aggregation of GSH- AuNPs.  

As the concentration of Cd2+increases, the coordination between 

Cd2+ and carboxylate of GSH also increases thereby resulting in 

complex formation of Cd2+with GSH via the free sulfhydryl group 

and also with the carboxyl groups which can effectively bring AuNPs 

close to each other. This eventually results in weak electrostatic 

repulsion and strong electrostatic interparticle interactions 

between the AuNPs. It has been theoretically proposed and 

experimentally proven that the plasmon oscillation of metal 

nanoparticles couple to each other when they are brought in 

proximity. The close proximity of AuNPs induces coupling of their 

plasmon oscillation, resulting in a bathochromic shift in the 

absorption band, reduced zeta potential and consequently 

aggregation58. Since size increases tremendously with aggregation, 

the LSPR wavelength increases with the increase in particle size due 

to the near-field coupling in the resonant wavelength peak of the 

interacting particles54,82. The mechanism of GSH-AuNPs aggregation 

after the addition of Cd2+is illustrated graphically in Scheme 1.  

Fig. 9 shows the absorption spectra of GSH-AuNps which were 

checked for the feasibility of employing practically in the 

environment to detect Cd2+, it can be seen that the absorbance at 

520 nm increased and a new absorption band around 580 nm and 
627 nm appeared for sample 2 and 1 respectively which were 

quantified to contain 25.1 µg/L and 33.6 µg/L of Cd2+ respectively 

from the AAS data. It is worth recalling that the concentration of 

metal ion is directly proportional to the red shift of the SP band, 

this would probably justify the reason for the difference in the red 

shift of the wavelength of GSH-AuNps added with sample 1 and 2 

respectively. The aggregation-based change in color from ruby red 

to purple (Fig. 9 inset) resulted in less than 10 min. This result could 

be considered a straightforward and instantaneous detection of 

Cd2+devoid of any interference from other metal ions those were 

present in the water samples as the selectivity of GSH-AuNPs 

towards other metal ions had been screened experimentally 

previously. 

 

4.  Conclusion 
 
A highly responsive GSH functionalized phytosynthesized 

AuNPs probe for precise colorimetric detection of Cd2+ ions 

was developed and demonstrated taking advantage of 

localized surface plasmon resonance (LSPR), one of the most 

important characteristics of AuNPs. The colorimetric selectivity 

test observations manifest that only Cd2+ stimulated the GSH- 
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AuNPs solution to turn purple from ruby red owing to GSH-

AuNPs aggregation. The SPR peak of GSH-AuNPs containing 

Cd2+ ions exhibited broadening and a substantial shift in the 

plasmon band energy to longer wavelength of 594 nm besides 

a ruby red-to-purple color change due to the metal-ligand 

interaction of Cd2+ with GSH in a chelating reaction and 

coordination between Cd2+ and carboxylate of GSH. The 

minimum and maximum colorimetric detection limit of Cd2+ 

using GSH-AuNPs probe was inferred to be 30 nM (3 ×10−8 M ) 

and 70  nM (7×10−8 M) respectively. The detection time was 

17-11 min. This could be considered a novel contemporary 

ecofriendly gold nanoparticle based colorimetric nanosensors 

for cadmium detection in environmental sample among the 

reports proclaimed so far. The GSH-AuNPs probe was also 

employed practically to detect Cd2+ in heavy metals 

contaminated water samples. The aggregation-based change 

in color from ruby red to purple resulted in less than 10 min. 

Another direction for future research in the present work is, 

the GSH-AuNps could be rendered luminescence and coated 

over an appropriate hydrophobic, thermostable substrate to 

develop colorimetric sensor dip strip. The color change from 

ruby red to purple could be monitored using UV light. And, 

perhaps our current efforts are also directed towards 

improving the colorimetric detection limit. In pursuit of the 

above mentioned direction more in-depth research is 

imperative to improve the feasibility, sensitivity and stability of 

the system towards visual colorimetric detection which are 

under investigation in our laboratory. 
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