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Aluminum can be found in water and vegetables in the form of the trivalent ion (AI’*), which can potentially contaminate food
and water. Overconsumption of aluminum can lead to serious health problems in humans. Therefore, there is a need for an
economical and simple procedure to detect the presence of aluminum. In this study, we synthesized a conjugate of Grewia asiatica
extract with silver nanoparticles. The nanoparticle-stabilized fruit extract of Grewia asiatica was found to be an extremely selective
sensor of AI** in tap water, DI water, industrial wastewater, and human blood plasma. We characterized the Grewia asiatica-
conjugated silver nanoparticles (GA-AgNPs) using UV-visible, SEM, and AFM techniques and found that they were stable in an
extensive pH range and different electrolyte concentrations up to 10 M NaCl. The GA-AgNPs were circular in shape with typical
particle sizes of 65-97 nm. We inspected the photo physical properties of GA-AgNPs concerning metallic ions using UV-visible
spectroscopy and found that they were highly selective for AI>* ions, with no interfering ions detected in competitive exper-
imentation. The absorption intensity of GA-AgNPs was directly related to AI** concentration over a wide range of concentrations
(6.25-500 uM). Jobs plot experiment displayed 1:1 binding stoichiometry between GA-AgNPs, and Al>*. Additionally, GA-
AgNPs were effectively utilized for the recognition of AI’* in laboratory tap water, DI water, industrial wastewater, and human
blood plasma.

1. Introduction

Aluminum is the third most abundant metal in the earth’s
crust and is widely used in various industries. Trivalent ion
(AI*") is found in water and vegetables, which can enter the
human body through food and water sources [1]. The World
Health Organization (WHO) states that the average daily
exposure of humans to Al (III) is about 3 to 10 mgkg .
However, the extensive use of aluminum in daily life, such as
in the form of aluminum foil, cookware, containers,

pharmaceuticals, and food additives [2], can lead to con-
tamination of food and water with Al*> and pose health
risks. Even a small amount of AI’* can cause various health
problems, according to several epidemiological studies.
Overconsumption of aluminum can cause idiopathic Par-
kinson’s disease [3], memory impairment, impairment to
the central nervous system, dialysis encephalopathy, and
Alzheimer’s disease [4]. The concentration of AI** ions in the
brain should not exceed 2mg/g of brain tissue, and the
World Health Organization (WHO) and the Environmental
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Protection Agency (EPA) have set the allowable limit of Al
(II) in drinking water as 7.4 uM or 50 ppm, respectively.
Therefore, it is important to develop detection methods that
can identify trace levels of Al (III) for economic and health
reasons [5-7]. Several methods are currently used for Al (III)
detection, such as atomic absorption spectrometry (AAS)
[8], graphite furnace- atomic absorption spectrometry (GF-
AAS), inductively coupled plasma mass spectroscopy (ICP-
MS), inductively coupled plasma atomic emission spec-
trometry (ICPAE-MS), and electrochemical methods, etc.
However, these methods have limitations such as complex
sample preparation, high background signals [7], and ex-
pensive instrumentation. Therefore, more efficient and ac-
curate methods are needed for the detection of Al (III).

It is imperative to have a feasible, inexpensive, quick, and
eco-friendly method for recognizing Al (IIT). Nanoparticles
of noble metals possess optical, chemical, electrochemical,
and mechanical properties that make them ideal for various
applications such as biocatalysis cosmetics, coating, and
anticancer [9]. Recent developments such as paper-based
analytical devices (PAD), colorimetric assays, quantum-
dots-based photoelectrochemical immune assays, magnetic
bead-centered reverse colorimetric sensors, MnQO, nano-
flakes with enzyme torrent intensification for colorimetric
immunoassay, and Fenton reaction-centered colorimetric
immunoassay have enabled colorimetric recognition in
aqueous systems for metal ions [10-22]. The accumulation of
NPs induced by the target analyte is central to a graphic color
alteration. Similarly, changes in their associated absorption
spectra help in the detection of analytes without the need for
complex instruments. Metal nanoparticles serve as sensing
probes, due to their narrow size distribution, functionalized
surface, high aspect ratio, and distinctive band of SPR
[23-25]. Specific NPs like silver, copper, and gold, having
trivial size and distinctive confined SPR, are used for the
improvement of ocular devices. Due to their exceptional SPR
and physicochemical properties, they have been widely used
for target analyte detection at the trace level [26-29]. AgNPs
are more appropriate than AuNPs for recognition since they
have a 100-fold better molar extinction coefficient, giving
them a greater contemplation in absorption spectroscopy
[30]. In this study, we have established an eco-friendly
recognition technique for Al (III) with a lower limit of
detection of 0.0412 M via UV spectrophotometer. The limit
of detection of the current method is 0.04129 uM, and the
method is green synthesis. However, previously, 0.0405 uM
LOD was recorded by using citrate and polyvinyl pyrroli-
done through the chemical reduction method as mentioned
in Table 1. We have used AgNPs conjugated with the fruit
extract of G. asiatica (GA-AgNPs) for the highly sensitive
and discriminating recognition of A" in aqueous medium.
The research also focused on detecting Al™> via an optical
color alteration as compared to other globally important
metallic ions. Al*? ion was detected in water samples within
30-35seconds. The recognition profile of GA-AgNPs was
discovered through UV-visible spectroscopy. A considerable
decrease in the absorption strength of GA-AgNPs was
noticed upon adding AI’*, while all other tested metals did
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not produce any substantial change in the SPR band.
Moreover, GA-AgNPs-based sensors effectively detected
AI’* in tap, deionized, and industrial waste water, as well as
in human blood plasma.

2. Experimental Section

2.1. Materials and Methods. All the reagents were procured
from viable dealers and consumed deprived of additional
purifications. Glassware was washed with DI water before
use. Solo-step synthesis of NPs was conceded via the re-
duction of Ag"' to Ag atoms consuming G. asiatica fruit
extract. The absorption spectra indicate the creation of GA-
AgNPs (Figure 1). The UV-visible spectra were detailed on
a spectrophotometer with a 1.0cm path length (Thermo
Scientific Evolution 300, USA). The pH was detailed on
a numeral pH meter of model-510 (Oakton, Eutech, Sin-
gapore), fitted out using a functioning electrode of glass,
whereas Ag/AgCl was utilized as a reference electrode. AFM
analysis was completed via Agilent 5500, run in the tapping
mode (Germany). SEM investigation was supported on the
JSM-6380A appliance with a tester coater (JFC-1500) (Jeol

Japan).

2.2. Grounding of Grewia asiatica Extract. 400g of Grewia
asiatica fruit was purchased from a local marketplace and
carefully washed. The seeds were separated from the fruit,
and the pulp was dried at room temperature in the shade.
The dried pieces were ground and soaked in 95% ethanol (1 :
4) followed by the addition of 5mL of 0.1% HCL The
mixture was left for 72hours. The resulting extract was
filtered using Whatman No. 1 filter paper, and the solvent
was evaporated at reduced pressure to obtain 130.718 g of
extract. The extract was then refrigerated until further use.

2.3. Synthesis of GA-AgNPs. GA-conjugated AgNPs were
produced using a green synthesis method. Fruit extract was
used as a reducing and stabilizing agent. The process in-
volved heating 100 mL of AgNO; (0.5 mM) to 40-50°C and
slowly adding 10mL of GA (0.1256 g/100 mL H,O) fruit
extract. The maximum absorption by GA-AgNPs occurred
at a ratio of (10:1) (Ag: GA v/v). The reaction mixture was
stirred for about 20 minutes resulting in a yellowish-brown
mixture. The mixture was stirred for an additional 2-3 hours.
The resulting GA-AgNPs were then centrifuged at a rate of
10,000 rpm for 12 minutes, and UV spectra were used to
validate the nanoparticles. The solution was diluted up to
6 times with DI-H,O to obtain a firm SPR.

2.4. Preparation of Different Metal Salt Solutions. 500 uM
solutions of different metals including Na'*, K'*, NH'*,
Ca2+, Ba2+) Mg2+, Pb2+, Niz+’ C02+, Sl’l2+, Cu2+, Zl’l2+, Pb2+’
Bi’*, and AI’* were prepared by dissolving the calculating
amount of these salts and make up with water. Then, 2 mL of
these salt solutions was mixed with 2 mL of GA-AgNPs, and
UV-vis spectra were recorded.
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TasLE 1: Different methods for the detection of AI*".
Method Functionalizing lelt.Of Detection tool Comment Reference
agent detection
Calorimetric Schiff base 0.29uM  Pentapeptide (CALNN) Chemical reduction [31]
Calorimetric Pyridoxyl derivative 0.51 uM AuNPs Complex procedure [32]
Calorimetric Schiff base 0.29 uM AuNPs Complex procedure [33]
Calorimetric Polyacrylate 2.0uM PAA-AuNPs Sun light induced synthesis [9]
Fluorescence Nitrogen-doped carbon dots (N-CDs) 0.0097 uM Carbon dotes Complex procedure [34]
Calorimetric Aluminon 0.001 ppm AgNPs Chemical reduction [35]
Calorimetric  Citrate and polyvinyl pyrrolidone  0.0405 yM AgNPs Chemical reduction [36]
UV-visible Grewia asiatica L. (fruit) 0.0413 uM AgNPs Green synthesis Current work
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FIGURE 1: UV-visible spectrum showing GA-AgNPs.

2.5. Spiking in Tap, Deionized, and Industrial Waste Water.
Water samples were collected from three different sources:
tap water, deionized water from HEJRIC, and industrial
waste water from Sonic Textile Industries Private Limited.
The industrial waste water was spiked with a known con-
centration of AI’*. A solution of 2mL of GA-AgNPs was
mixed with 2 mL of each water sample containing AI**, and
the UV spectra were recorded.

2.6. Spiking in Blood Plasma. Blood plasma was extracted
from volunteers through a pinhole after obtaining approval
from the ethics committee of the institute. The human blood
was centrifuged at 4,000 rpm for approximately 6 minutes to
separate the plasma at 25°C. Two solutions were prepared.
One solution was kept as a blank, while the other was spiked
with 100 yuL of GA-AgNPs [37].

3. Results and Discussion

3.1. Synthesis Mechanism of GA-AgNPs. GA-AgNPs were
produced using sustainable synthetic methods. The for-
mation of GA-AgNPs was indicated by the presence of
a distinctive SPR peak at 414nm in the obscure brown
mixture resulting from the bio reduction of GA-AgNPs
(Figure 1). The maximum absorption by GA-AgNPs

occurred at a ratio of (10:1) (Ag:GA v/v). A series of
studies were conducted to determine the optimal mole ratio
between the ligand and the metallic ion.

3.2. Size Dissemination of GA-AgNPs. 'The size and shape of
GA-AgNPs were determined using SEM and AFM tech-
niques. It was observed that the nanoparticles were dis-
tributed in varying sizes. The size of the NPs ranged from 65
to 97 nm. Smaller sized NPs formed aggregates that appeared
as large particles (Figures 2(a) and 2(b)). SEM analysis
showed that the nanoparticles had a slightly spherical shape,
as depicted in Figure 2(c). The produced AgNPs remained
unchanged and stable for approximately 240 days.

3.3. Stability of GA-AgNPs. 1t is important for nanoparticles
to remain stable for practical applications. Factors such as
changes in pH, electrolyte concentration, and temperature
can affect the stability of these particles. The stability of GA-
AgNPs was studied under various physiological factors.
Generally, the destabilization of nanoparticles occurs by
adding electrolytes. To investigate this, different concen-
trations of NaCl solution were added to GA-AgNPs, and
their UV spectra were recorded, as shown in Figure 3. It was
found that GA-AgNPs remained highly stable even after
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FI1GURE 2: (a) AFM phantasmagorias of GA-AgNPs, (b) histogram presentation size dissemination of GA-AgNPs, and (c) SEM imaginings

of GA-AgNPs.

adding 10 M of NaCl, as there was no significant change
observed in the absorption intensity of GA-AgNPs. The
impact of pH on the stability of NPs was also assessed, as
revealed in Figure 4. The pH of GA-AgNPs was adjusted by
adding dilute NaOH and HCI solutions. The nanoparticles
were found to be highly stable between pH 3-10. To assess
the effect of temperature, NPs were boiled at 100°C for about
half an hour, and their absorption spectra were recorded.
The results showed that GA-AgNPs remained constant even
at 100°C, as presented in Figure 5.

3.4. GA-AgNPs as a Sensing Probe for AI’*. 'The ability of GA-
AgNPs to detect metal ions was evaluated using UV-vis
spectroscopy. Fifteen different metal salts comprising alkali
alkaline earth metals, and transition were selected, and the
changes in the SPR bands of GA-AgNPs were analyzed after
the addition of metal salts. The metal salt solutions (500 M)
used in this study included Na*, K*, NH*, Ca®*, Ba*", Mg2+,
Pb>*, Ni**, Co®*, Sn*, Cu®*, Zn**, Pb**, Bi**, and AI’". The
UV-vis spectra of GA-AgNPs remained unchanged after the
addition of most metal ions except for AI’". Interestingly,

significant quenching was observed when AI’* was added,
along with minor red shifts in the absorption intensities of
GA-AgNPs, as shown in Figure 6. The other metal ions
tested did not result in any noteworthy changes in the
absorption strength of GA-AgNPs. These results suggest that
GA-AgNPs has a specific binding site for the AI’* ion
(Figure 13).

3.5. Effect of Concentration. Conducting a concentration
study is essential to determine the limit of detection (LOD)
of GA-AgNPs, which is a critical feature of any sensor
system including nanosensors. In this study, various con-
centrations of AI** ranging from 6.25uM to 500 uM were
added to a constant concentration of GA-AgNPs. UV-vis
spectra were then recorded to observe the change in the
Surface Plasmon band of GA-AgNPs. As shown in Figure 7,
the increase in the concentration of AI’* resulted in a de-
crease in the intensity of GA-AgNPs while simultaneously
causing a red shift. The change in the absorption intensity of
GA-AgNPs was found to be directly proportional to the
concentration of AI** across a wide range of concentrations
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FiGure 3: Influence of electrolyte concentrations on the strength of GA-AgNPs.

Absorbance

400 600

800 1000

Wave length (nm)

— GA-AgNPs pH 6-7
— GA-AgNPs pH 5-6
— GA-AgNPs pH 8-9
— GA-AgNPs pH 11-12

—— GA-AgNPs pH 1-2
—— GA-AgNPs pH 2-3
— GA-AgNPs pH 3-4

FiGure 4: Effect of pH on the stability of GA-AgNPs.

(6.25-500 uM). To calculate the limits of detection quanti-
fication, we used the formula: LOD =3.3 x SD/Slope and
LOQ =10 x SD/Slope. The LOD was found to be 0.0413 yM,
while the LOQ was determined to be 0.1251 yuM.

3.6. Influence of pH on Complex Formation of GA-AgNPs and
AP”. The construction and distortion of the bond between
metal ions and ligands depend on the pH of the medium.
Figure 8 illustrates the effect of changes in pH on the bond
formation between GA-AgNPs and AI’*. Equal amounts of
GA-AgNPs and aluminum were mixed, and the pH of the

solution was adjusted to a wide range of 2-12 by adding
dilute solutions of HCl and NaOH. The absorption intensity
of GA-AgNPs was measured across the pH range of 2-14,
and significant changes in the UV-Vis spectra were
observed.

3.7. Interference Study. The key feature of a successful
sensor system depends on the ability to selectively detect
a specific analyte in the presence of other similar analytes.
In order to ensure the selectivity of GA-AgNPs for
aluminum, sustainable tests were conducted. Equal
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FIGURE 6: Alteration in absorption intensities of GA-AgNPs upon adding diverse metal ions.

amounts of aluminum and GA-AgNPs were mixed, and
various interfering metal salt solutions (500 yuM) were
added to this mixture. UV-vis spectra were then obtained
and analyzed. As shown in Figure 9, a significant re-
duction in intensity, along with a slight shift towards the
red end of the spectrum, was observed in the absorption
spectrum of GA-AgNPs upon the addition of several
metal ions. These results indicate that other metal ions do
not affect the detection of A1>*. Therefore, GA-AgNPs are
selective for AI’* even in the presence of various other
metal salt ions.

3.8. Jobs Plot. The Jobs plot system was used to determine
the binding stoichiometry between GA-AgNPs and alumi-
num. During the experiment, mole fractions of both GA-
AgNPs and AI’* were altered between 0 and 0.9 while
maintaining the same volume. The two solutions were mixed
in varying mole fractions, and absorption spectra were
recorded. The change in absorption strength of GA-AgNPs
was observed as a function of AI>* mole fractions (as shown
in Figure 10). The results indicated a 1:1 (GA-AgNPs: APPY)
binding stoichiometry between GA-AgNPs and aluminum,
with extreme quenching detected at a mole fraction of 1.5.
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3.9. Analytical Applications. Trials were conducted to in-
vestigate the impact of organic and ecological matrix on the
recognition of AI’*. Laboratory tap, deionized, industrial
waste water, and hominoid blood plasma samples were
tested. Tap water was collected from the HEJRIC laboratory
and spiked with a known concentration of AI>* (500 uM).
Aluminum solutions were prepared in tap, deionized, and
industrial waste waters, mixed with GA-AgNPs, and their
absorption spectra were recorded under comparable con-
ditions, as shown in Figure 11. Almost similar quenching in
the pattern of absorption intensity along with a red shift was
observed in tap, deionized, and industrial waste water
samples, indicating that other elements of water samples do
not impede the recognition of AI>*. Furthermore, hominid
blood plasma samples were spiked with a known concen-
tration of AI’*, and changes in the absorption spectra were

recorded, as presented in Figures 12 and 13. This study
revealed that the components of water and blood plasma
samples do not appear to affect the recognition of Al’*.
Therefore, GA-AgNPs have potential applications for the
recognition of AI’* in ecological and organic samples.

3.10. Comparison with Other Study. The supplementary
methods used for discriminating recognition of AI’* in
biological and water tasters had several limitations, as
presented in Table 1. Therefore, a model spectrophotometric
process was developed with exceptional sensitivity and
discrimination to selectively detect aluminum in the pres-
ence of other cations. This approach is an alternative to other
exclusive and time-consuming instrumental techniques for
the recognition of aluminum, as shown in Table 1.
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4. Conclusion

We have developed a new type of chemosensor using silver
nanoparticles made from the extract of Grewia asiatica fruit
(GA-AgNPs). This sensor is designed to detect AI’* in
a range of different samples including tap water, deionized
water, industrial waste water, and human blood plasma. The
GA-AgNPs were created using a green synthetic method and
characterized using UV-visible, AFM, and SEM techniques.
The nanoparticles were found to be circular in shape with
a typical size ranging from 65 to 97nm. The detection
properties of GA-AgNPs were tested using UV-vis spec-
troscopy, and it was determined that adding AI’* resulted in
significant quenching and a red shift in the absorption in-
tensity of the nanoparticles. GA-AgNPs were found to be
highly selective for AI’* and did not detect any interference
from other metal ions across a wide range of pH levels.
Additionally, GA-AgNPs were effectively used to detect AI**
in various samples including laboratory tap water, deionized
water, industrial waste water, and human blood plasma. The
limit of detection of the current method is 0.04129 yM by the
green method, while previously, it was reported through the
chemical reduction method. This is novelty of the
current work.
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