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Abstract
The synergistic evolution of highly emissive giant clusters thiolated AuI

core-
(Ag2,3)shell has been proven to be of immense importance due to their myriad 
applications. The long-term emission stability (excitation energy 400 nm, emission 
maximum 560 nm and quantum yield 5%) of Ag2,3 clusters has been found due 
to the drift of electron density from silver to gold. Usually, clusters, the missing 
link between nanoparticles (NPs) and atoms, are < 2 nm in size with less stability. 
However, thiolated AuI

core-(Ag2,3)shell giant clusters have a diameter of ~ 600 nm. 
They have been so stable that they have been obtained in various solvents (along 
with water) and even in solids for months. Such clusters have been biocompatible 
(MTT assay) with remarkable antibacterial properties. Antibacterial cotton and 
paper were designed by impregnating the clusters. In addition, selective detection 
of toxic pollutants (with nanogram level limit of detection) and cancer cells have 
also been observed. Depending on the synthetic protocol (e.g., photo-chemical, 
green-chemical, modified hydrothermal, etc.), the variation of properties and 
applications have been noted.
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Introduction
Nanotechnology has sparked a great deal of public interest due to the need 

for and applications of NPs in various human undertakings, including industry, 
agriculture, commerce, medicine, and public health [1]. Exposure to NPs in the 
environment is inevitable given that they are already prevalent in our daily lives 
[2]. A NP is a group of molecules or atoms that are linked together, having a 
diameter or dimension in at least one direction between 1 and 100 nm. A metal 
particle with a diameter of ≤ 2 nm is formally referred to as a “nanocluster” (NCs) 
[3]. Due to their extraordinarily tiny size, profusion of unsaturated active sites, 
and distinctive electronic structure that differs from that of conventional NPs, 
NCs have demonstrated significant catalytic activity and distinctive selectivity 
in several catalytic events. More significantly, they serve as model catalysts to 
show the relationship between atomic-scale structure and catalytic performance 
because of their clear structure and monodispersity [4]. Noble metal NCs like 
gold (Au) and silver (Ag), which generally have diameters under 2 nm, have 
drawn interest because of their special ability to fill the “missing link” between 
atomic and NPs behavior. Ferromagnetism, chirality, quantum behavior, single-
molecule optoelectronics, photoluminescence (PL), bioassay, and sensing are only 
a few examples of recent research, concentrating on their quantum electronic 
features. Like semiconductor quantum dots with tight confinement of the 
quantum-size range, the particle size of NCs is less than the exciton Bohr radius 
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plasmonic metal NPs [17, 18].

Synergism of Au and Ag
A synergistic impact is one where the combined effect of 

two or more species is greater than the sum of the effects of the 
individual species. NC science has documented a synergism 
between Au and Ag, resulting in improved fluorescence, greater 
photochemical stability, and useful applications. The electronic 
component, nuclearity, size effect, and other factors result in 
aggregation-induced fluorescence, autofluorescence, core-shell 
contact, doping or alloying, oxidation-induced interaction, and 
Ag effect, among other phenomena [19].

Fluorescence synergism between Au and Ag has been 
proven into a highly promising phenomenon. Recently, several 
researchers have entered this field because of its many exciting 
findings. Ag and Au-based bimetallic particles are easily 
synthesized in a variety of size regimes and  compositions, 
because they have comparable lattice constants. As a result, 
mixed crystals may be generated throughout practically the 
entire concentration range of Au and Ag (Figure 1) [20-22].

Giant Cluster
Giant cluster creation in solutions, in nature, and in 

business is becoming more and more important. However, 
the development of massive clusters in solutions of tiny, 
comparatively soluble, but nonamphiphilic compounds has 
received very little study [23].

The size of the cluster is proposed to be 2 nm; however, 
giant clusters are much larger in size in comparison to the 
usual NC. Ganguly et al. [19] synthesized a Au(I)core Ag(0)
shell NCs (TAuAgGC), protected by oxidized glutathione, 
which was highly fluorescent in nature (λem 560 nm, λex 400 
nm and the quantum yield is 4%).  From the transmission 
electron microscope image, it was evident that the diameter 
of the particle was approximately 600 nm. Here Au core acted 
as a scaffold on which fluorescing Ag clusters were decorated 
resulting in a highly fluorescent giant cluster. However, Ag or 

(CdSe quantum dots are 4 - 5 nm in size) [5].

One of nature’s most amazing phenomena, PL, is what 
gives numerous natural things relating to their unique 
color. The two primary types of PL—fluorescence and 
phosphorescence—are electrical transitions from singlet and 
triplet excited states to the singlet ground state, respectively [6, 
7]. Because of their extreme simplicity, flexibility, sensitivity, 
multi-analyte detection, and non-invasive measurement, the 
utilization of biosensors—a vital spectrum technology—
for fluorescence analysis has unquestionably become more 
promising [8].

For life to exist on earth, water is a very important supply. 
Overpopulation, human activities, rapid industrialization, 
unskilled exploitation of natural water resources, and 
unplanned urbanization have all had a negative impact on the 
water quality [9, 10]. The collection of metals and metalloids 
having an atomic density of more than 4000 kg/m3 is referred 
to as heavy metal. Even in extremely low quantities, heavy 
metals are poisonous by nature and may seriously harm both 
humans and animals [11, 12].

The quality of patients’ healthcare has been greatly 
enhanced by advances in biomedical imaging. With increased 
precision in illness identification and surgical operations, 
image-guided therapy has decreased the significant risk of 
human mistakes [13, 14].

In this review article, we focused on the synergism of Au 
and Ag to obtain emissive giant clusters with salient features, 
stability, the origin of fluorescence, and applications such as 
antibacterial (modification of cotton paper) bioimaging, heavy 
metal sensing with their mechanisms, and cell viability.

NCs
An emerging type of atomically precise nanomaterials, 

metal NCs—also referred to as ultra-small metal NPs—fill 
the space between single atoms and plasmonic nanomaterials. 
Intriguing physical-chemical characteristics of these materials 
include luminescence, chirality, magnetism, catalysis, and 
electrochemistry, which may be explained in terms of their 
quantum size effect and discrete electronic states [15, 16].

One of these nanomaterials’ most exciting and fascinating 
properties is PL. Such luminescent NCs have considerable 
potential for use in cell labelling, bioimaging, chemical sensing 
phototherapy, and drug administration since they often 
demonstrate greater photo-stability and biocompatibility [16].

Many novel and intriguing properties of NPs that are not 
present in bulk materials have been uncovered. Due to their 
potential uses in optics, sensing, drug administration, and 
catalysis, metal NPs have been the focus of much investigation. 
In particular, the field of NPs research has been substantially 
expanded by the discovery of metal NCs below 2 nm (such as 
Pt, Au, Ag, and Cu). A new kind of luminous nanomaterial 
that has received a lot of interest recently is metal nanoclusters, 
which are described as clusters of a few to a few hundred atoms. 
As they get closer to the Fermi-wavelength of electrons, these 
nano-systems start to resemble molecules, giving them the 
ability to fill a crucial gap between solitary metal atoms and 

Figure 1: Synergism of Au and Ag to generate fluorescent giant cluster with 
versatile uses [19, 25].
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Depending on the synthetic protocol the emission was slightly 
different.  Bright sunlight exposure for 12 h resulted in giant 
clusters with λem of 564 nm, while modified hydrothermal for 
70 min with 100 W bulb produced giant clusters having 635 
nm of λem. It is noteworthy that ten hours of UV light exposure 
synthesized giant clusters with λem 565 nm [29].

Stability of Cluster Giant Cluster 
TAuAgGC was highly stable without any change 

in fluorescence for up to 3 months.  Due to its extreme 
durability, TAuAgGC could be converted into a solid powder, 
dispersible in several water-miscible solvent systems without 
significantly changing the emission maximum. Sodium 
dioctyl sulfosuccinate might also be used to create very stable 
fluorescent clusters in water-immiscible solvents. Moreover, 
the giant clusters were utilized to produce fluorescent film, 
cotton, and paper substrates (with effective antibacterial 
activity). The particles in TAuAgGC contained positively 
charged surfaces (+11.9 mV) [25].

Sensing
Amino acid sensing 

The ability of the body to recognize and respond to 
variations in dietary levels, notably those of glucose, lipids, 
and amino acids, is essential for survival. Changes in nutrition 
sensing, therefore, have a close connection to human diseases, 
particularly metabolic disorders. The primary components that 
support life are the three macronutrients glucose, lipids, and 
amino acids [29-31].

Cysteine sensing

Cysteine (Cys) serves crucial functions in biological processes 
such as metabolism, protein synthesis, and detoxification because 
of its involvement in reversible redox reactions. Additionally, it 
plays a significant role in several pharmaceutical compositions, 
such as antibiotics and solutions for skin problems. Numerous 
problems, including decreased hematopoiesis, leucocyte loss, 
psoriasis, etc. are brought on by a lack of Cys. Changes in 
Cys levels are thought to increase the chance of developing 
Alzheimer’s and Parkinson’s disorders [32]. Due to Cys’ great 
fundamental role in biological systems, selective detection of 
Cys is currently a hot topic to study [33-35].

Massive TAuAgGC with strong fluorescence showed 
drastic quenching in the presence of Cys in comparison to 
other amino acids (Arginine, tyrosine, glutamic acid, aspartic 
acid, 4-hydroxy proline, isoleucine, histidine, lysine, leucine 
methionine, phenylalanine, threonine, tryptophan, asparagine, 
serine, threonine, isoleucine, and valine). The limit of detection 
of Cys was down to 5 x 10-8 M. The quenching was also 
investigated in other non-aqueous miscible solvents (acetone, 
ethanol, isopropanol, acetonitrile methanol). For all the cases, 
quenching was highly significant in the presence of Cys. 
For the case of water-immiscible solvents, TAuAgGC was 
vacuum dried to obtain solid fluorescent material, redispersed 
in water-immersible solvents. Some solvents displayed milky 
white suspension after adding Cys. On the other hand, some 
water-miscible solvents remained transparent with quenched 

Au alone in the same experiment condition could not show 
fluorescence. Au was pivotal to design the Ag cluster, resulting 
in the highly emissive giant cluster. However, the TAuAgGC, 
as discussed above was exclusively fluorescent. Such property 
helped to be employed in myriad applications [24, 25].

Gehin et al. [26] synthesized giant core−shell nano 
spherical clusters, containing 32 Co or 32 Ni atoms with 6 
p-tert-Butyl Thiacalix [4]arene units. Core-shell Co13@
TM20 clusters (TM = Mn, Fe, Co, and Ni) were reported 
by Jing et al. [27]. The Co13@Mn20 cluster was discovered 
to have a massive total magnetic moment (113 B), which is 
interesting.

Origin of Fluorescence
The TAuAgGA were strongly fluorescent. The X-ray 

photoelectron spectroscopy revealed that the core Au was in 
+1 oxidation state, while shell Ag was present in zero-valent 
state. The fluorescent giant  clusters had long-term stability 
due to an intriguing synergism between the Au(I) core and 
Ag(0) shell. The travel of the electron density from the shell 
(Ag) towards the core (Au) was attributed to the stability [25].

It has been confirmed by analysis of the TAuAgGA of 
the MALDI mass spectrum that Ag2 and Ag3 clusters were 
formed. Liquid chromatography-mass spectral analysis was 
also done to validate the production of Ag2/Ag3 clusters because 
MALDI is a hard ionization technique.  It is significant to note 
in this context that many groups have provided explanations 
for the luminous properties of Ag clusters composed of 2 - 8 
atoms [28].

Synthesis of Giant Cluster 
For the first time, Ganguly et al. [25] described a method 

for producing monodispersed spherical TAuAgGC from the 
corresponding precursor compounds (silver nitrate, chloroauric 
acid, and glutathione solution) (Figure 2). Exposure of UV 
(ultraviolet) light, sunlight as well as the hydrothermal method 
was employed to obtain such fluorescent giant clusters. 

Figure 2: TAuAgGC displayed the synthetic protocol of fluorescent 
TAuAgGC in the presence of sunlight, glutathione, and Au-Ag [25].
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fluorescence.

Mechanism

Cys selectively quenched the fluorescence of TAuAgGC. 
Cys, with a molecular weight of 121 Da is substantially 
smaller than tripeptide glutathione with a molecular weight 
of 307 Da. As a result, the giant clusters broke and subsequent 
fluorescence quenching was observed when the tiny thiolated 
ligand (Cys) replaced the glutathione, previously present in 
the protective layer of the TAuAgGC. Thus, the fluorescence 
of TAuAgGC was destroyed. However, Cys could not be 
identified in the presence of glutathione from infrared and 
UV, because glutathione is a tripeptide with Cys, Glu, and Gly 
skeleton [35].

Solvent sensing 

Organic solvents are valuable because of their unique 
capacity to dissolve a variety of useful materials, including fats, 
waxes, and resins, while maintaining chemical stability [36].

As carbon-based solvents, organic solvents are classified 
by their volatility, boiling point, molecular weight, and color 
as their main characteristics. Due to the significant risks that 
come with organic solvents and the fact that they are utilized 
for so many different things, we should consider their toxicity 
more. Nearly every solvent poses a health risk if consumed or 
breathed more than the permitted amount, and most of them 
irritate the skin when they meet it [36, 37].

Carbon disulfide and N-hexane, which cause peripheral 
sensorimotor polyneuropathy; toluene, which can cause severe 
brain damage, hearing loss, and an embryopathy known as fetal 
solvent syndrome; and styrene, which results in a nonspecific 
encephalopathy in people; are examples of solvents with 
distinct and distinctive neurotoxic features [37].

Dimethyl sulfoxide sensing 

Dimethyl sulfoxide (DMSO) is a popular organic solvent, 
that is also a natural substance. Additionally, micromolar 
quantities of DMSO have been found in drinks and a variety 
of foods, including tea, coffee, and wine. Due to its unpleasant 
odor, dimethyl sulfide, a reductive product of DMSO, is 
unfavorable for beverages or foods [38-43].

An analytical technique called electrochemical enzymatic 
biosensing has been discovered for aqueous DMSO samples. 
The manufacture of the selective gas sensor for DMSO was 
described by Pirsa and Alizadeh [44].

DMSO was the only common water-miscible solvent, 
that quenched the fluorescence selectively of TAuAgGC. 
The limit of detection of DMSO was 178 ppm. TAuAgGC 
detected contamination of DMSO not only in water, but also 
in various non-aqueous miscible solvents such as methanol, 
acetonitrile isopropanol, ethanol, acetone, etc. Only Pb2+ 

restored the fluorescence (TAuAgGC + DMSO) system.  
Other metals could not restore the fluorescence TAuAgGC + 
DMSO system (Figure 3) [45].

Mechanism

According to transmission electron microscope image, 

the big fluorescent spherical particles in the TAuAgGC were 
indeed Au core-Ag shells. The big particles were broken into 
a tiny sphere by the addition of DMSO, which significantly 
reduced the fluorescence in TAuAgGC [45].

In DMSO, the connection between the sulfur and oxygen 
atoms is a polarised double bond-dative bond intermediate. 
The electrostatic portion of the S-O interaction, which has 
a strong dipolar component, results in a negative charge 
centered on oxygen. According to the zeta potential value, 
the very negatively charged oxygen in DMSO facilitates the 
simple replacement of glutathione from the positively charged 
large clusters [45].

From a steric standpoint, replacing big glutathione with 
tiny DMSO was also advantageous. Giant clusters’ positive 
charge was decreased by oxygen in DMSO, which resulted in 
a significant decrease in fluorescence [45].

Heavy metal sensing

One of the main causes of our environment’s rapid 
degradation, which regrettably overuses natural resources, 
is heavy metal pollution. Pb2+, Cr3+, Hg2+, As3+, and Cu2+ are 
the main heavy metals that have recently been discovered 
to be environmentally hazardous. As a result, several efforts 
have been undertaken to identify and measure heavy metals 
routinely and analytically. However, modern technologies are 
constantly needed to detect heavy metals in a sensitive and 
user-friendly manner. For this reason, nanotechnology was 
developed. These nanotechnologies improved the performance 
of analytical tools and were discovered to be very sensitive, 
selective, and capable of operating quickly. Nano-based sensors 
are useful for on-the-spot detection or on-field detection with 
high linear resolution and are simple to integrate into the 
system [46-49].

Toxic metal ions have seriously affected the biological 
system and the living environment as one of the most harmful 
hazardous pollutants. It is essential to detect dangerous metal 
ions accurately and quickly, necessitating the creation of 
inexpensive, simple-to-use sensors with high sensitivity. Porous 
nanomaterials, noble metal NPs, and semiconductors have 
specifically been used in the building of sensors, together with 
analytical techniques including, colorimetry, electrochemistry, 
mass spectrometry, fluorescence, and surface-enhanced Raman 
scattering [48].

Pb2+ sensing 

One, among the most dangerous heavy metal cations, is 
Pb2+. Children who consume even extremely modest levels 
of Pb2+ have a number of health issues, including, anaemia, 

Figure 3: The schematic representation of the detection of Pb2+ and 
DMSO with TAuAgGC [45].
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sluggish nerve conduction velocity, and memory loss. Children 
should not be exposed to blood levels of lead that exceed 
100 mg/L (0.48 mM), according to the Centres for Disease 
Control. Selective and quantitative detection of Pb2+ in water 
at neutral pH is a growing field of research [50, 51].

The fluorescence of TAuAgGC was quenched selectively 
with DMSO and Pb2+ selectively restored the quenched 
fluorescence. Ba2+, Cd2+, Co2+, Cr2+ Cu2+, Fe2+, Hg2+, K+, 
Mg2+, Mn2+, Na2+, Ni2+, and Zn2+ did not any enhancement 
of fluorescence. Pb-induced enhanced fluorescence was again 
quenched with the addition of Na2EDTA.  The limit of 
detection of Pb 2+ was found to be 14 x 10-8 M [44].

The fluorescence of TAuAgGC was quenched selectively 
in the presence of Cys and this quenched fluorescence was 
restored by the Pb2+. No other metal ion was able to restore 
the lost fluorescence in such a dramatic manner. The detection 
limit of Cys and Pb2+ was down to 5 x 10-8 M and 15 x 10-8 
M, respectively. Thus, TAuAgGC was the justified platform 
for lead sensing.

Mechanism

Pb2+ removed the capping of DMSO due to the interaction 
of the sulfur of DMSO and Pb2+ making TAuAgGC free. 
Thus, enhancement of fluorescence was observed. X-ray 
photoelectron spectroscopy revealed that Pb was in a 
+2-oxidation state after the treatment with the (TAuAgGC 
+ DMSO) system. A slight increase in binding energies 
indicated that Pb2+ also attracted the electron density of Ag(0) 
like Au(I), causing stability and an increment of fluorescence 
intensity [44].

Cys selectively quenched the fluorescence of TAuAgGC 
because cysteine replaced glutathione in the TAuAgGC. 
But Pb2+ restored the fluorescence of the (TAuAgGC + Cys 
system). Compared to glutathione, Pb2+ has a higher affinity 

for Cys.

Cys is highly affinized to Pb2+. The Pb2+-Cys complex has 
a stability constant of 1.75 104 l mol-1. Thus, TAuAgGC + Cys 
became an efficient sensor for Pb2+ sensing [35].

Hg2+ sensing

Human health is seriously threatened by mercury 
poisoning, and mercury emissions worldwide are increasing 
at an alarming rate. Significant sources of mercury emissions 
include the burning of fossil fuels and solid waste. Mercury 
has a long atmospheric half-life, which contributes to 
the  widespread poisoning of land and water. The problem 
worsens when bacteria convert ionic and elemental mercury 
into methylmercury, a potent neurotoxin that enters the food 
chain. Serious sensory, motor, and cognitive are among the 
symptoms of mercury poisoning in humans that are the most 
severe [52, 53].

Fluorescent TAuAgGC was synthesized with sun 
exposure, and TAuAgGC displayed quenching with Hg2+. 
Fluorescent TAuAgGC offers a highly sensitive and selective 
sensing platform for the detection of Hg2+ down to 6 nM [28].

Mechanism

The fluorescence was efficiently and selectively quenched 
when Hg2+ ions were added to the fluorescent TAuAgGC 
repeatedly, and its emission peak gradually shifted from green 
to red. The red shift and quenching of fluorescence have been 
attributed to the Hg2+ induced aggregation and metallophilic 
5d10(Hg2+)-4d10(Ag+) interaction [28].

Anion sensing 

An important and growing class of molecules used in 
anion sensing are metal-based receptors. Anion sensor design 
has long been a research priority because it allows for the on-
site, real-time detection and measurement of both healthy and 
harmful anions. In general, interactions between an ion and 
an ion receptor, such as electrostatic interactions, and ion-pair 
complexation, hydrogen bonds have been used to sense anions 
[54, 55].

Sulphide anion sensing

A hazardous component known as sulphide (S2-) anion 
is widely used in industrial settings including tanneries, 
oil refineries, food processing facilities, and paper/pulp 
production facilities. S2- ions commonly function as a reactant. 
S2- ion is also produced as a by-product of several industrial 
and manufacturing processes. S2- is extremely hazardous 
to living things. In an aqueous media, it also functions to 
create hydrogen sulfide and remove dissolved oxygen. Due to 
exposure in several occupational situations, S2- induces toxicity 
in humans that is remarkable. A constant increase in S2- in the 
human body invites a variety of physiological discomforts and 
metabolic challenges. Once more, protonation makes it even 
more poisonous. With too much S2-, concrete deteriorates, and 
metal surfaces corrode in addition to health issues [56-60].

S2- ion quenched the fluorescence of TAuAgGC. The 
color of TAuAgGC was pale yellow but after the addition of 
S2- ion, the yellow color of TAuAgGC changed into orange. 
Thus, TAuAgGC was a fluorometric and colorimetric sensor 
for sensing of S2- ions. The limit of detection for S2- via the 
fluorometric mechanism was 10 nM respectively [29].

S2- ions cover the surface of TAuAgGC, producing an 
orange color, and eliminate glutathione from the fluorescent 
TAuAgGC due to its smaller size and high diffusing capacity. 
The reduction of Au(I) to Au(0), which resulted in the 
aggregation of Ag clusters and subsequently the destruction of 
the fluorescence, was caused by S2- having a stronger reducing 
ability than glutathione [19, 29]. 

Antibacterial Activity
Noble metals are recognized for their well-documented 

antibacterial effects, which are connected to particle form. 
Due to their bacteriostatic and bactericidal qualities, noble 
metal particles are frequently utilized for antimicrobial 
surfaces on textiles and polymers fibers. Additionally, they 
are used to make surgical masks, equipment, catheters, and 
scaffolds for tissue engineering. Additionally, the development 
of effluent treatment membranes, water purification systems, 
and antimicrobial coatings all depend increasingly on the 
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antibacterial properties of noble metals [61, 62].

Fluorescent TAuAgGC made by Ganguly et al. were 
impregnated in cotton and paper to create luminous cotton and 
paper with antibacterial activity. Gram-positive (Staphylococcus 
aureus) and Gram-negative (Escherichia coli) bacterial strains 
responded to the antibacterial properties of cotton wool and 
paper substrate. The luminous cotton wool and paper substrate 
were surrounded by transparent zones, as the disc diffusion test 
method showed. The number of Gram-positive and Gram-
negative bacteria decreased on the cotton wool/paper treated 
with fluorescent particles. According to studies, the luminous 
cotton wool increased the survival of Gram-positive bacteria 
by 98.6% and decreased the vitality of Gram-negative bacteria 
by 99.91% after 3 h of incubation (Figure 4) [62].

Cell Imaging
At the start of the 20th century, the businesses Carl 

Zeiss and Carl Reichert developed the first fluorescence 
microscopes. Fluorescence imaging has evolved into an 
important detection technology in biological and medical 
research because of its specific characteristics of non-
invasiveness, high sensitivity, and real-time responsiveness.  
Many fluorescent materials, including metal nanoclusters, 
quantum dots, and carbon dots, have been established recently 
for bioimaging. Small organic molecules have also received a 
lot of interest in addition to these materials because of their 
good biocompatibility, controllable emission wavelengths, and 
flexible functionalization techniques [63, 64].

Live-cell imaging is an essential analytical technique in 
labs studying biological subjects like cell biology, neurology, 
pharmacology, and developmental biology. High light 
intensity and prolonged exposure durations, which are 
frequently required for imaging fixed cells and tissues (where 
photobleaching is a major concern), must be avoided while 
imaging active cells. In live-cell microscopy, there is often a 

trade-off between maintaining healthy cells and getting clear 
pictures. Therefore, to avoid high light intensity and prolonged 
exposure time, spatial and temporal resolutions are typically 
limited in an experiment. Living cells are imaged using 
several contrast-enhanced optical microscopy methods. The 
bulk of the study uses one of the several types of fluorescence 
microscopy, which is usually combined with transmitted light 
[63-65]. 

The literature is replete with findings on cell imaging using 
Au-Ag NCs. Due to their molecule-like optical characteristics, 
simplicity of production, and biocompatibility, fluorescent Au, 
and Ag NCs are attractive sensing materials [64].

In around 70 min, Ganguly et al. produced a highly 
fluorescent TAuAgGC via modified hydrothermolysis. 
This is an illustration of aggregation-induced fluorescence, 
which only manifested when the ratio of Ag to Au in the 
glutathione matrix is equal. The highly fluorescent solution 
with a pale-yellow tinge has shown potential as a competitor 
for bioimaging [60].

The viability of the synthesized TAuAgGC solution as 
a cell imaging agent was confirmed by optical microscopy 
research for live human fibroblast (foreskin origin) cells 
(passage-4) cells (Figure 5). It was seen that the clusters 
penetrated the cells and spread throughout the cytoplasm. It 
was clear that the distribution of the cluster was mostly in 
the cytoplasm. Therefore, the likelihood that the clusters will 
become mutagenic because of the oxidative stress in primary 
cells was drastically reduced. For several hours, the cells were 
seen to be unbleached. The emission bands of the Ag clusters 
and the nuclear stain DAPI did not significantly overlap in 
the cells’ unique, healthy shapes and sizes. While performing 
comparable optical microscopy, a considerable shift in results 

Figure 4: TAuAgGC-modified cotton and paper displayed antibacterial 
activity for Gram-positive (S. aureus) and Gram-negative (E. coli) [62].

Figure 5: Cell viability and MTT assay for human fibroblast (foreskin or-
igin) cells using TAuAgGC [60].
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was noted [66].

Cell Viability
All types of cell culture depend critically on the 

determination of cell viability. In other cases, such as toxicity 
tests, it serves as the experiment’s primary goal. A more realistic 
image of, for example, anabolic activity can be obtained by 
using cell viability to connect cell behavior with cell number. 
There are several ways to determine how viable a cell is, 
from the most basic trypan blue dye exclusion assay to the 
more sophisticated study of individual cells utilizing Raman 
microscopy. The assay used will depend on several factors, 
including price, speed, and the complexity of the equipment 
needed [66].

The MTT test is still one of the most useful and well-liked 
viability assays that rely on living cells converting substrate 
into chromogenic product. The MTT test uses mitochondrial 
reductase to change the water-soluble yellow dye MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) into an insoluble purple formazan. The concentration 
of the formazan is then evaluated by using optical density at 
570 nm after it has been solubilized. The product is a very 
sensitive assay and linear up to 106 cells each well. Like the 
Alamar blue test, one can identify cell stress upon exposure to a 
harmful substance without experiencing direct cell death since 
modest changes in metabolic activity can result in significant 
changes in MTT [67, 68].

The MTT assay findings of TAuAgGC from the 
typical cell culture showed that the cells are considerably 
cytocompatibility (Figure 5). The material was proven to have 
more effectiveness viability than the control in a short-term 
trial (24 h), demonstrating the bioactive characteristic of the 
TAuAgGC. However, as the concentration was raised, the 
viability gradually decreased, with an IC50 value of around 50%, 
which was five times higher than the concentration needed 
for an imaging investigation. In 72-h research, the vitality of 
the cells decreased to 79% at the appropriate concentration 
of the fluorescent particle. Additionally, it is shown that the 
IC50 value increases to a 40% concentration. Consequently, the 
synthesized TAuAgGC was biocompatible [60].

Conclusion and Future Perspective
This review article was designed for the first time regarding 

fluorescent giant clusters. The synthetic protocol, stability, 
origin of fluorescence, synergism, and applications (sensing, 
bioimaging, antibacterial activity, and cell viability) were 
illustrated vividly by employing fluorescence giant clusters. 
Au(I) remained at the core, while Ag(0) in the form of Ag2 
and Ag3 were ascribed for the long-term strong fluorescence 
of giant clusters.  This paper will hopefully be an important 
account of cluster chemistry, especially for the choice of 
capping agent. Here Au also capped Ag along with organic 
stabilizing agents. The versatile applications of giant clusters 
are highly promising and may be an asset for researchers, 
venturing into the field of environmental nanoscience to cope 

up with real environmental challenges.
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