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Abstract
Background: The aim of this research was to develop a fluorogenic sensor for Al3 + ions, which have been 
identified as a possible food and drinking water pollutant by the WHO and considered to be harmful 
to human health.
Methods: The sensing mechanism was based on excited-state intramolecular proton transfer, with 
the  intramolecular rotation restriction occurring after binding with the analyte. The probe attaches 
Al3 + selectively and emits strong emission in 4:1 H2O/MeOH (v/v) solution while irradiated at 400 nm in 
the presence of a wide number of cations, acting as a “turn-on” fluorescence chemosensor. The range of 
detection for Al3 + is 3.3 nM (3 method), which is more than 200 times more responsive than the WHO 
suggested limit of 7.4 mM (3σ method). Mass spectra, job plot, and Benesi-Hildebrand plot were used 
to determine the formation of the 1:1 metal-to-ligand complex.
Results: Aluminum (Al) ion content in effluent obtained from the pharmaceutical sector is 0.381 mM, 
which is a trace amount. A separate in vitro experiment indicates that the probe can precisely perceive 
Al3 + ions in a cell line. The sensor-based method is developed to detect 3.3 nM of Al3 + ions, which is 
significantly less than the WHO max.
Conclusion: The probe to detect Al3 + ions in live cells. HL becomes a flexible sensor for recognizing 
intracellular Al3 + in human liver cancer cell line Hep G2 and human lung fibroblast cell lines by 
fluorescence cell imaging procedures, and the probe’s non-toxicity has been proven by MTT tests up 
to 100M. 
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Introduction
Aluminum (Al) is the most abundant metal on the planet’s 
surface (8.3% of total metal mass). Al is released into the 
atmosphere as a consequence of the extraction and 
processing of ores, as well as the manufacture of Al wire, 
alloys, and chemicals. Fine Al particles in the air are either 
blown away by storms or fall to the ground. The quantity 
of pollution determines the toxicity of Al. Aluminium 
toxicity is mainly influenced by Al bioavailability, which is 
influenced by relatively low aluminium levels in natural 
sources, namely drinking water (1). Aluminium is a 
poisonous, insoluble, non-essential substance, which is 
present in most natural water that affects the human 
beings (2). However, acid rain, waste outflow, and soil 
extraction have all discharged significant amounts of Al 
into the atmosphere in recent years. The greatest 
concentration of Al in water supplies used as drinking 
water is 200 μg L-1 (3). Since Al in drinking water was 

largely made up of soluble species, as a result, it was 
thought that Al in drinking water will have a 
disproportionate impact on the Alzheimer’s disease (AD) 
occurrence when it was consumed (4). The dialysis was 
performed to determine the amount of Al in muscle; the 
results revealed, that the average muscle contained 14.8 
parts per million (PPM) of Al and the trabecular-bone 
contained 98.5 PPM. The uremic patient’s traces are 25 
ppm during dialysis, and the Al traces in the gray matter 
of the brain are greater in both patients (5). A higher 
incidence of dementia and AD has been associated with 
drinking water with high Al content (≥0.1 mg/L) (6). 
Martyn et al (7) conducted a research in different regions 
to find the presence of Al and silicon that causes the risk of 
AD in drinking water. The research showed that the 
higher Al and lower silicon concentrations in drinking 
water, increase the possibility of risk of AD at usual 
concentrations up to around 0.2 mg/L, and it was also 
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shown that drinking water with silicon contents more 
than 6 mg/L of molybdate-reactive silica seemed to have a 
protective effect. This research (8) used a random sample 
of 186 water utilities, with raw and completed water 
samples obtained five times over the course of a year and 
tested for iron and Al using the atomic absorption 
technique. Al is much almost certainly to be found in 
surface waters, only 9% of groundwaters contained visible 
levels of Al, while 78% of surface waters have detectable 
Al. The goal of this study was to assess the relationship 
between long-term exposure to different forms of Al in 
drinking water and the beginning of AD. The formation of 
AD has been associated with organic monomeric Al, 
which creates the illness. Compared to earlier research, 
this relationship was discovered in a geographic 
environment characterized by low Al quantities and high 
pH levels (9). Al levels over 80 g/L in drinking water has 
been related to an increased risk of AD. The findings of 
this study clearly suggest that metal such as Al in drinking 
water has no role in the etiology of senile dementia (10). 
McLachlan et al (11) reported that there is a possibility of 
Al concentration in drinking water which causes AD on 
the basis of strict neuropathologic criteria. The results of 
epidemiologic research, along with a broad body of 
laboratory evidence of Al neurotoxicity and elevated 
concentration of silicic acid (Si2OH4) would be in AD-
affected brain, suggest that lowering and retaining 
appropriate residual Al in drinking water (at least below 
100 μg/L) should be prioritized, particularly for older age 
groups at risk for AD. Al toxicity affects the plant growth 
but also affects the neurological system, producing 
diseases such as Alzheimer’s and Parkinson’s disease, and 
amyotrophic lateral sclerosis (12). Although the precise 
mechanism by which Al influences disease mechanisms 
remains unclear, there is an evidence that it increases 
oxidative stress and inflammatory events. These activities 
are also associated with AD and exposure to the metal 
may exacerbate the disease by enhancing these processes 
(13). Al fractions were measured in water samples 
collected from three water supply wells. All water 
treatment plants employed poly-Al chloride (PAC) as a 
coagulant; however, the Al-based coagulant had a minimal 
effect on the metal concentration of the raw water. Al 
concentrations in raw and treated water vary dramatically. 
More than 80% of Al in fresh water is in the form of 
particulates (14). The aim of this research was to determine 
the concentration of Al available in groundwater. Standard 
methods are used for the examination of water and 
wastewater to evaluate values of consistency factors such 
pH, turbidity, total dissolved solids (TDS), and Al content 
in 871 water samples (15). Simulated coil-pipe tests, batch 
reactor tests, and quartz crystal microbalance with 
dissipation monitoring were used to study the deposition 
characteristics of various Al species in PAC. Under stirring 
conditions, more Al may collect on the pipe surface for Al 

species with a greater deposition tendency. For Al13 and 
Al30, the pH impact on deposition behavior was quite 
modest within the neutral pH range of 6.7–8.7 (16). This 
paper discusses the environmental and clinical tests are 
being used to determine the risk of disease. The aim of 
this study was to find out more about AD, breast cancer 
serving as a major endpoint. Internal Al load comparison 
levels (15 g/L in urine, 5 g/L in serum) are more likely to 
be exceeded in people who have been exposed to Al at 
work. The essential internal toxicity criteria for Al are 
found in blood and urine. For occupational exposure, the 
biological tolerance limit is 50 g of Al per gram of 
creatinine in the urine (17). The goal of this study was to 
determine the concentration of Al and cadmium (Cd) in 
cigarettes and drinking water. Electrothermal atomic 
absorption spectrometry was used to determine the 
quantities of Cd and Al in cigarettes, drinking water, and 
blood samples. The findings revealed that the levels of Al 
and Cd in lake and subterranean water were higher than 
the WHO-recommended safe drinking water limit (18). 
Drinking water with fluoride and Al is suspected to have 
harmful health consequences, particularly on the brain, 
liver, and kidneys. The levels of blood urea and creatinine 
were evaluated as indications of kidney malfunction. To 
determine the level of damage that the F, Al, and AlFx 
complex could produce, histopathological assessments of 
kidney tissues were performed (19). In this study, the 
unique low-cost defluoridation process based on coating 
Al hydroxide on the surface of rice husk ash. Rice husk ash 
is made by burning rice/paddy husk, which is a readily 
available and low-cost raw material. The adsorption 
capacity was determined to be between 9 and 10 mg/g, 
indicating high fluoride removal effectiveness (20). The 
present study contains a number of statistical benefits, 
such as the study size and prospective breadth, as well as 
well-defined illness diagnoses. Individual socio-
demographic characteristics, as well as data on other 
important drinking water factors were analyzed to find 
out whether these factors may be confusing for the 
association between Al and AD (21). The main cause of Al 
effects on the water distribution system and human health 
is its speciation in drinking water. To reduce Al 
bioavailability in drinking water, orthophosphate should 
be added before the coagulant process, and fluoride and 
silicic acid concentrations should be kept below 2.0 and 25 
mg/L (22). The impact of PAC coagulant qualities on 
soluble residual Al concentrations following coagulation 
and filtration was investigated in this study. While by 
increasing the dose of normal-basicity, the polyaluminum 
chloride (PACls) increased the dissolved residual Al 
concentration at pH 7.5, raising the dosage of high-
basicity PACls decreased the soluble residual Al 
concentration at pH 7.5. The capacity of high-basicity 
PACls to minimize residual Al concentrations was 
maintained at higher raw water temperatures, despite the 
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fact that residual Al concentrations was maintained (23). 
Maximum contaminant guidelines are utilized to limit 
pollutants in drinking water in order to prevent health 
problems. Al-induced bone disease may cause stress 
fractures in the ribs, femur, vertebrae, humerus, and 
metatarsals. Serum Al ≥100 𝜇g/L has a 75%–88% positive 
predictive value for Al bone disease. The preterm infants, 
infants with congenital uremia, and children and adults 
with kidney disease are all at increased risk of systemic Al 
poisoning following repeated intake of monomeric Al 
salts (24). Al has been hypothesized to have a role in the 
development of AD. Although the precise mechanism of 
Al toxicity is unknown, growing evidence indicates that 
the metal may enhance oxidative and inductive reactions, 
ultimately leading to tissue damage. This study examines 
Al overall toxicity, with a focus on the ways through which 
it may hasten the development of chronic age-related 
neurodegenerative diseases (25). Pharmaceutical 
manufacturing plants contaminate plants, humans, and 
animals directly. The Organization for Economic Co-
operation and Development (OECD) is now encouraging 
countries to decrease pharmaceutical production; 
nevertheless, the UK, Germany, and other countries that 
depend on pharmaceutical products for income, are 
reportedly still manufacturing a significant quantity of 
medicines (26). Large amounts of pharmaceuticals are 
utilized, resulting in increasing discharge into the 
environment. Medicines are designed to resist 
photodegradation, biodegradation, and chemical 
breakdown until they are injected and perform particular 
pharmacological activities; residual pharmaceutical 
chemicals are handled with normal water/wastewater 
treatment (27). In the aquatic environment, 
pharmaceuticals and drug metabolites have been found. 
Under certain recharge conditions, polar pharmaceutically 
active compounds (PhACs) such as clofibric acid, 
carbamazepine, primidone, or iodinated contrast agents 
may leak into groundwater aquifers. Most active 
medications are removed through metabolism and urine 
after being eaten, and PhACs have been discovered in 
groundwater contaminated by landfill leachates or 
industrial leftovers (28).

In several nations, pharmaceutical medications have 
been discovered in small amounts in sewage treatment 
plant effluents, surface waters, seawaters, groundwater, 
and some drinking waters. The effects of various 
medications on aquatic animals have been studied using 
acute toxicity testing. It was reported that in surface water 
concentrations are lower and so there is low environmental 
risks (29). In 2015, the global pharmaceutical business was 
valued US$1.06 trillion, with an annual average growth 
rate of 5.2%. According to estimates, North America’s 
trade is valued US$363.2 billion, Europe’s is worth USD 
315.1 billion, and Asia’s market is worth US$281.3 billion. 
As the pharmaceutical industrial sector in South Korea is 

rapidly increasing, there is an increase in people suffering 
from chronic diseases. With a 5-year average annual 
growth rate of 2.1%, its gross pharmaceutical production 
increased by 3.4% in 2015, reaching KRW 16 969.6 billion. 
The pharmaceutical industry is projected to continue to 
expand rapidly over the next five years (30). Artificial 
neural network models and multivariate regression 
models were used to study the influent characteristics of 
water that are measured in the Birjand Waste Stabilization 
Pond (WSP) in Iran, such as pH, chemical oxygen 
demand, biological oxygen demand over 5 days (BOD5), 
total suspended solids, total dissolved solid (TDS), 
Electrical conductivity (EC) and turbidity  , and turbidity. 
The pseudo-first kinetics and the Langmuir-Hinshelwood 
model is used to determine the extent of degradation 
process and the removal of p-Nitroaniline (PNA) from 
aqueous solutions using novel semi-fluid Fe/charcoal 
reactor. The optimization is carried out to determine the 
halfway and final products in degradation reaction path 
(31). Khodadadi et al (32) found that TDS is considered as 
the most descriptive characteristic of influent wastewater 
to predict the WSP performance. Seven residue samples 
were collected from completely different locations and 
depths of the watercourse. The texture, clay, extractible 
iron and organic content of the sediments were measured. 
Pyrolysis-gas chromatography activity, mass spectrometry 
analysis showed that there are 3 types of organic substances: 
Crude hydrocarbons, artificial, and plant residues (33). 
Malakootian et al conducted a study to remove acid red 
18 dye contained in wastewater, which are untreated in 
the aqueous environment, using hybrid micro-electrolysis 
process, including iron and Charcoal under the influence 
of ultrasonic waves (Fe/C/US) (34). The parameters 
affecting the adsorption process such as initial pH 
solution, adsorbent concentration, CIP concentration, 
and contact time are considered for experimental study. 
Fe3O4@ SiO2-Schiff base nanocomposite (Fe3O4@
SiO2-APTMS-HBA) was synthesized in in this study. 
The results showed that the maximum removal efficiency 
rate is 96% under the optimum process conditions (pH 
= 7, contact time = 5 min, CIP concentration = 10 mg/L, 
and adsorbent concentration = 50 mg/L) (35). Al is not 
a biological metal that is stored in the tissues comprising 
nerve cells. Nerve cell transmission would be inhibited 
or disrupted if insoluble Al-salts are deposited. As a 
result, biological communication, information transfer, 
and other aspects of human life are severely disrupted, 
resulting in Al-related bone diseases, encephalopathy, 
myopathy, and various neurodegenerative diseases such as 
AD, Parkinson’s dementia, and other neurodegenerative 
diseases in the human body. With the increased use of Al, 
it is possible the plant roots would be harmed. 

In this study, a synthesized probe 1-(1-(Phenyl 
(pyridine-2-yl) methyl)-1H-benzo[d]imidazol-2-yl) 
naphthalene-2-ol was designed for the selective and 
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sensitive detection of Al3 + in semi-aqueous media. During 
complication with CH3CN, there is no proton conversion. 
In Hep G2 cells, the fluorescence specific concentration 
of HL in the presence of multiple anions, as well as the 
intracellular detection of Al3 + ion, was investigated.
Materials and Methods
Raw materials
All reagents and solvents used for synthesis were 
purchased from commercial sources and used as received. 
The chemicals and solvents were used in synthesis. 
Milli-Q water was used to render both aqueous solutions 
(Millipore). 2-hydroxy-1-naphthaldehyde (HNA) was 
purchased from Merck (Germany), and Al (NO3)3.9H2O 
and Merckoglas were purchased from Merck, (Darmstadt, 
Germany). N1-(Phenyl (pyridine-2-yl) methyl) benzene-1, 
2-diamine was synthesized using the previously 
mentioned method (36). All extra solutions and chemicals 
(AR grade) were purchased from Merck and finally used 
without further purification. 

Instruments used
UV-VIS spectra were obtained using a Perkin Elmer 
Lambda 25 spectrophotometer, fluorescence spectra were 
obtained using a Perkin Elmer Spectro fluorometer type 
LS55, and FT-IR spectra (KBr disc, 4000–400 cm-1) using 
a Perkin Elmer LX-1FTIR spectrophotometer. TMS was 
used as an internal standard to achieve NMR spectra on a 
Bruker (AC) 500 MHz NMR spectrometer. Water HRMS 
model XEVO-G2QTOF#YCA351 spectrometer was used 
to record ESI mass spectra. Both tests were performed at 
room temperature. The melting point was measured in 
an open-mouth capillary using a hot-plate melting point 
apparatus.

Synthetic procedures and formulation of the probe
The chemosensor was made by combining N1-
(Phenyl(pyridine-2-yl)methyl)benzene-1, 2-diamine 
(0.273 g, 1.0 mmol), and 2-hydroxy-1-naphthaldehyde 
(0.172 g, 1.0 mmol) in MeOH (15 mL) under stirring 
for 12 hours at room temperature to produce the probe 
1-(1-(Phenyl(pyridine-2-yl)methyl)benznaphthaldehyde-
2-ol(1H-benzo[d]imidazole-2-yl)naphthaldehyde-2-ol. 
The solvent was extracted after ensuring that there was 
no additional amine and enabling the MeOH solution of 
the probe to slowly evaporate. The crude substance was 
eventually filtered using paper chromatography, yielding 
needle-shaped red crystals. Mass spectrometry revealed 
a molecular ion peak that is higher than the predicted 
one. However, the simplest explanation is to consider the 
complication of the solvent, acetonitrile (CH3CN), with 
these Al3 + ions.

Synthesis of aluminum-complex
The Al3 + complex of the chemosensor was made by 
combining a refluxing MeOH (10 mL) solution of 

Al(NO3)3.9H2O (0.375 g, 1 mmol) with a MeOH (10 
mL) solution of the chemosensor (1 mmol, 0.427 g), and 
stirring the mixture for 12 hours to produce an orange 
solution. The solvent was extracted from the solution after 
allowing it to evaporate. The result was an orange-colored 
rigid mass.

Spectroscopic studies
A general method for UV–VIS and fluorescence studies
The probe (2.14 mg, 0.001 mmol) was soluble in MeOH 
(5 mL) and 100 µL of HL solution was diluted with 2 
ml MeOH-H2O (v/v 1:4) to give a cumulative volume 
of 2.1 mL. In water 10 mL of Al (NO3)3.9H2O (3.75 mg, 
0.001 mmol) was dissolved. The Al3 + solution (100 µL) 
was added to the HL solution predefined sequence. This 
sample solution preparation technique may also be used 
with other cations. At room temperature, the spectra were 
registered after mixing. The excitation wavelength for the 
fluorescence sample was 400 nm (excitation slit = 10.0 and 
emission slit = 7.0).

Calculation of the chemosensor’s fluorescence quantum 
yield (Φ) before and after the Al3 + complication
The following equation was used to calculate the 
fluorescence quantum yield of the chemosensor and the 
metal-complex (37).

std sample sample std std(OD A ) / (OD A )sampleΦ = × × ×Φ              (1)

Where, Asample and Astd represent the areas under the 
fluorescence spectral curves of the sample and standard 
sample.

And ODsample and ODstd are the optical densities of 
the sample and standard designated at the excitation 
wavelength.

Acidic quinine sulfate was taken as the standard (Φstd 
= 0.54) for the quantum yield calculation of ligand and Al 
complex.

Live cell imaging
Cell line culture
Cell line from a human liver cancer patient from the 
National Center for Cell Science (NCCS) in Pune, India, 
provided Hep G2 and human lung fibroblast cells, 
WI38. The cells were developed at 37°C and 5% CO2 in 
DMEM with 10% FBS (fetal bovine serum), penicillin/
streptomycin (100 units/mL), and penicillin/streptomycin 
(100 units/mL). All of the treatments were carried out 
at 37°C with a cell density allowed for exponential 
development (38).

Cell imaging
Hep G2 cells were cultured on coverslips for 24 hours. 
After that, the cells were either mock-treated or treated 
with 5 µM ligand and 10M Al3 + salt for 24 hours at 37°C. 
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Before being viewed under a fluorescence microscope, the 
cells were rinsed in 1× PBS and put on a glass slide (Leica).
Cell survivability assay
The probe’s cell survival was investigated in human lung 
fibroblast cells, WI38, using a technique described by 
Samui et al (39). In a nutshell, the MTT test was used to 
determine the vitality of WI38 cells following exposure 
to various doses of ligand. The cells were seeded at 104 
cells per well in 96-well plates and subjected to the probe 
at concentrations of 0, 20, 40, 60, 80, and 100 µM for 24 
hours. After treatment, cells were washed twice with 1PBS 
and incubated for 3-4 hours at 37°C with MTT solution 
(450 µg/mL). After dissolving the formazan crystals in 
MTT solubilization solution, the solution was read at 570 
nm with a spectrophotometer (BioTek) and matched to 
control cells.

Synthesis of aluminum-complex
Micro analytical data
The Al3 + complex of the chemosensor was generated by 
combining a MeOH (10 mL) solution of the chemosensor 
(1 mmol, 0.427 g) with a refluxing MeOH (10 mL) 
solution of Al(NO3)3.9H2O (0.375 g, 1 mmol) and stirring 
for 12 hours to produce an orange solution. The substance 
was permitted to evaporate, and the solvent was separated 
from the solution as a result of the evaporation. Finally, a 
strong mass of orange pigment was collected.

Spectroscopic studies
A broad approach to UV–VIS and fluorescence research
Al3 + complex of the chemosensor was generated by 
combining a MeOH (10 mL) solution of the chemosensor 
(1 mmol, 0.427 g) with a refluxing MeOH (10 mL) solution 
of Al(NO3)3. 9H2O (0.375 g, 0.001 mmol) and whole 
mixture was stirred for 12 hours to produce an orange 
solution. The substance was permitted to evaporate, and 
the solvent was separated from the solution as a result of 
the evaporation. Finally, a strong mass of orange pigment 
was collected.

Results 
The probe’s synthesis and formulation
The condensation of N1-(Phenyl (pyridine-2-yl) methyl)
benzene-1,2-diamine and 2-hydroxy-1-naphthaldehyde 
generated 1-(1-(Phenyl(pyridine-2-yl)methyl)benzene-
1,2-diamine-1H-benzo[d]imidazol-2-yl) naphthalene-2-
ol with a strong yield of 84% and a melting point of 190°C. 
It was characterized by spectroscopic measurements. 
The determined molecular weight of 428.1685 and the 
molecular ion peak of (HL + H) + endorse the molecular 
identification. The weak bands at 3360 and 3070 cm-1 
belong to ν(phenolic-OH) and ν(-NH), respectively. ν(-
CH=N-) stretching is associated with strong stretches 
at 1620 cm-1. The singlet at 15.12 ppm correlates to 
δ(phenolic-OH); benzylic-H (CH-N) at 9.73 ppm in the 

1H NMR range of HL (500 MHz, DMSO-d6). At 5.90-8.64 
ppm, other aromatic protons may be found.

Measured and experimentally micro analytical data
The measured and experimentally defined values for the 
probe (C29H21N3O) were C, 81.48 (81.11) percent; H, 4.95 
(5.05) percent; and N, 9.83 (9.81) percent, respectively. 
1H NMR (500 MHz, DMSO-d6): 15.12 (s, 1H, OH), 9.73 
(s, 1H, benzylic-H), 5.90-8.64 (aromatic-H), IR: 3360 
cm-1 (Phenolic-OH), 3070 cm-1 (-NH). No doubt this 
is N-H because Nitrogen has quadrupole moment and 
that would give rise to broadening, 1620 cm-1 (imine –
CH=N-). ESI-MS shows Molecular peak at 428.1641 for 
[HL + H] + (Mol.wt.(calculated), 428.1685) and at 450.0438 
for [HL + Na] + (Mol.wt. Calculated=450.17).

Diffractive X-ray structure of the probe
Table 1 shows the monoclinic system of space group P 
21/c for the red X-ray diffraction. 

Table 1 shows the ligand’s crystallographic information 
as well as structure refinement parameters. It also shows 
the acyclic structure of the probe. The reaction of HL with 
Al(NO3)3.9H2O in methanol produced [AlL(CH3CN)]2 + , 
a mononuclear Al-complex. The complex has no large 
peaks at 3360 cm-1 and 3070 cm-1, indicating the absence 
of -OH and -NH stretching, and (-CH=N-) at 1625 cm-1, 
indicating a higher energy than HL. A molecular ion peak 
at 495.16 is visible in the mass spectrum, which could 
be the result of AlL(CH3CN)  + H + . During synthesis, 
the absence of (phenolic-OH) and -NH facilitates probe 

Table 1. Crystallographic data and structure refinement parameters of the 
ligand

Formula HL (ligand)

Empirical formula C29H21N3O

Formula weight 429.50

Crystal System Monoclinic

Space group P 21/c

a (Å) 22.180(3)

b (Å) 5.9098(7)

c (Å) 16.938(2)

α= γ /° 90

β/° 94.383(4)

V (Å)3 2213.7 (5)

Z 4

Dc/g cm−3 1.289

μ/mm−1 0.079

λ(Å) 0.71073

Data [I>2σ (I)] / parameter 3882/299

GOFc 1.138

Final R indices  [I >2σ(I)] a, b R1=0.0913, wR2 =0.1730
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ionization and Al3 + binding. 

Synthesis of Al-complex
Micro analytical data of the Al3 + complex
Figure 3 shows the micro analytical data of the Al3 + complex 
(C31H23AlN4O1) with calculated values (%) of C, 75.29; H, 
4.69; N, 11.33; IR: 1625 cm-1 (imine -CH=N-). For [AlL 
(CH3CN)]2 +  + H + , M, the mass spectrum reveals a strong 
peak at 495.19 and showed the weight of 495.16.

UV-VIS spectroscopy experiments
At 25oC, spectrophotometric titrations of HL in 1:4 
MeOH/H2O (v/v) with progressive additions of Al3 + were 
used to explore the interaction of HL with Al3 + . The 
probe’s absorption maxima are initially 428 nm, but after 
association with the Al + 3 ion, the absorbance increases 
with a slight red shift of the maximum to 438 nm 
(Figure 1), demonstrating that the reaction is clean and 
uncomplicated. Intramolecular charge transfer through 
chelation is responsible for the red-shifting of the HL bands 
generated by Al3 + inclusion. The increase in absorbance 
is linear until the molar ratio of [Al3 + ]:[HL] reaches 1:1, 
at which it becomes non-variable as [Al3 + ] increases. It 
indicates that HL and Al3 + have a stoichiometry of 1:1. The 
job plot was created by scheming the absorbance versus 
various mole fractions of Al3 + while keeping the volume of 
the solution constant, and the molar fraction maxima were 
achieved at roughly 0.5-mole fraction, which supported 
1:1 complex formation of HL and Al3 + .

Fluorescence sensing for Al3 + 

The fluorescence quantum yield was estimated using 
quinine sulfate as a reference and a standard of MeOH/
H2O (v/v 1:4) with a known quantum yield of R= 0.54 (40). 
When the probe was excited at 400 nm, no emission was 
recorded. The ligand and quinine sulfate (C40H50N4O8S) 
were stimulated at the same wavelength (502 nm), and 
their absorbance was almost identical. As a result, the 
ligand’s quantum yield (Φ ligand) was 0.0186, and following 
chelation with Al3 + , the high-intensity emission band at 
502 nm was detected. As a consequence, the calculated 
quantum yield for the Al3 + -complex is 0.2748. As a 
consequence of the metal complication, the fluorescence 
quantum yield raised.

As a result of the metal complication, the fluorescence 
quantum yield increases. Other cations (Na + , K + , Ca2 + , 
Mg2 + , Mn2 + , Fe3 + , Zn2 + , Co2 + , Ni2 + , Pd2 + , Cd2 + , Hg2 + , 
Cu2 + , Ba2 + , and Pb2 + ) have negligible fluorescence 
emission in MeOH/H2O (v/v 1:4). As a consequence, 
under comparable experimental settings, the probe 
preferentially shows “turn on” Al3 + emission (Figure 2). 
The fluorescence intensity increases with the constant 
addition of Al3 + to the probe solution until it reaches 
a 1:1 molar ratio, at which point it becomes saturated. 
When Al3 + is abundantly added to the mixture, the rate of 

emission does not change (Figure 3).

Drawing of job plot by fluorescence spectroscopy method
The increase in fluorescence strength for HL + Al3 + may be 
attributed to the reduction of ESIPT in free HL and the 
chelation enhancement effect induced by the coordination 
of the ligand’s -O and -N donor sites with the metal ion.

The binding constant value of Al3 + with the probe 
was measured using the modified Benesi-Hildebrand 
equation, 1/∆F = 1/∆Fmax + (1/K[C]) (1/∆Fmax). ∆F = 
F-F0 and ∆Fmax = Fmax-F0, where F0, F, and Fmax are the 
fluorescence emission intensities of the probe in the 
absence of Al + 3, at an intermediate Al3 + concentration, and 
at a concentration of total saturation, respectively, where 
K is the binding constant and [C] is the Al3 + concentration. 
The slope of the plot of (Fmax-F0)/(F-F0) against [C]-1 for 
the probe was used to calculate the value of K.

To obtain a deeper understanding of the complexation 
reaction, a fluorometric titration was conducted, and the 
relationship [(Fmax - F0)/(F -F0)] versus 1/[ Al + 3] was plotted 
using the Benesi-Hildebrand equation (Figure 4), and the 

Figure 1. Change in HL (50 µM) absorption spectrum with gradual addition 
of Al3 + ions (5 µM each) in MeOH/H2O (v/v 1:4); inset: zoom picture at 
wavelength of 415-455 nm.

Figure 2. Change in emission spectrum of HL (50 µM) upon gradual 
addition of different metal ions (100 µM each) in MeOH/H2O (v/v 1:4).
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the ligand and its Al complex, respectively. The longer 
lifespan of the complex for ligand might be due to the 
increased stability of the complex in an excited state.

Here, the sensitivity of highly emissive Al complex with 
different anions like S2O3

2-, SCN−, PO4
3-, H2PO4

-, HPO4
2-

, I-, OAc−, ClO4
−, SO4

2-, HSO4
−, Cl−, F-, HF2

-, NO3
−, Br−, 

NO2
−, CN-, N3

−, AsO4
3-, and AsO2

- was checked, and it was 
found that some of the anions (PO4

3-, H2PO4
-, HPO4

2-, F-, 

and HF2
-) quench the emission i.e., it is not specific for a 

single anion, as shown in Figure 8.

Detection of Al3 + ion in industrial wastewater
The industrial waste water (200 m») by the direct 
application in chemosensor for the detection of Al + 3 ion 
was studied. The fluorescence concentration is calculated 

Figure 3. Changes in the emission range of HL (50 µM) varies when 
Al3 + ions (5 µM each) are progressively introduced to MeOH/H2O (v/v 1:4).

Figure 4. Benesi-Hildebrand plot of {(Fmax - Fo)/(F - Fo)} vs. 1/ [Al + 3] by 
fluorescence spectroscopy-fluorescence titration curve of the ligand with 
Al + 3.

Figure 5. Fluorescence intensity of the receptor HL and the HL-
Al3 + combination as a function of pH.

Figure 6. Interference of other metal ions towards Al3 + ion sensitivity.

Figure 7. Fluorescence lifetime plot of the probe and Al complex in MeOH/
H2O (v/v 1:4).
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interaction constant (Ka) calculated by the fluorescence 
titration method for ligand with Al3 + was found to be 2.3 104 
M-1. Following the 3σ process, the maximum of detection 
of Al3 + was determined to be 3.3 nM.

The effect of pH on the fluorescence strength of HL and 
the HL-Al3 + complex was investigated; it was discovered 
that HL emits no significant fluorescence in the pH ranges 
of 2 to 12, and that the ligand emits in pH ranges of 6.0 to 
12 when Al3 + is present, as shown in Figure 5. In the pH 
range of 2–12, the probe is stable, with a maximal turn-on 
response to Al3 + at pH 6. The intensity of the emission drops 
sharply at pH 7, which might be due to the combination of 
bases with a metal ion (Al3 + ), which reduces the ligand-
metal interaction. This means that the HL will detect 
Al3 + in biological pH at far lower quantities than the WHO 
recommended value (7.41 mM) in drinking water.

For the detection of Al3 + , intervention on fluorescence by 
various citations has been studied. Figure 6 shows that no 
significant interference is observed.

Fluorescence lifespan estimates were used to estimate 
the reliability of the stimulated probe and its Al complex. 
Figure 7 exhibits bi-exponential (av = 0.3290 ns) and mono-
exponential (τ= 3.4637 ns) fluorescence decay profiles for 
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at 502 nm emission on excitation at 400 nm to produce a 
calculation plot by volume of analyte (Al3 + ) and emission 
intensity (a.u.) in a 1:4 MeOH/H2O (v/v) medium. The 
wastewater samples (200 mL) were collected from the 
pharmaceutical sector in Kolkata, West Bengal, India, in 
a clean and PVC container. The calibration plot was used 
to determine the unknown quantity of Al3 + in the collected 
wastewater sample, and the quantity of Al3 + is presented 
in Table 2.

The emission intensity changes linearly as the 
concentration of Al3 + ion-containing effluent increases, 
and no regression was performed.

Living cell imaging
Cell survivability assay to determine its biocompatibility
The probe in vitro cytotoxicity was assessed on the WI-38 
cell line to determine its biocompatibility. The MTT test 
was done after the cells were treated for 24 hours with five 
different doses of ligand (20, 40, 60, 80, and 100 µM). At a 
maximum concentration of 100 µM, the ligand showed no 
significant toxicity. As a result, the ligand is biocompatible 
and suited for biological applications.

Fluorescence microscopic examination of cell imaging 
The fluorescence microscopic examination was carried 
out to visualize the cellular absorption of the probe (5 µM) 
and Al3 + salts (10 µM). Under the microscope, a clear blue 
fluorescent light could be detected. Based on this finding, 
it can be deduced that the cells readily absorb the probe 
and the Al3 + salts, resulting in a blue fluorescent signal. 
As a result, the probe was successfully used to identify 
intracellular Al3 + in HePG2.

Discussion
Pharmaceuticals Al has been tested and developed as 
a fluorogenic sensor for Al3 + ions, which have been 
identified as a possible food and drinking water pollutant. 

The detection of Al3 + ions is very important because it 
can cause human liver cancer and human lung fibroblast. 
The main aim of the study was to design a fluorescent 
chemosensor (41) and investigate detection trace Al + 3 
ions from pharmaceutical wastewater. The molecular 
ion peak of (HL + H) + was 428.1641 and the calculated 
molecular weight was 428.1685 g/mol, which supports the 
molecular identity. The weak band at 3360 and 3070 cm-1 
refer to (phenolic-OH) and (-NH), respectively. Strong 
stretches at 1620 cm-1 are assigned to (-CH=N-) stretching. 
The 1H NMR spectrum of HL (500 MHz, DMSO-d6) 
demonstrates singlet at 15.12 ppm corresponds to δ 
(phenolic-OH); benzylic-H (CH-N) at 9.73 ppm. Other 
aromatic protons appear at 5.90-8.64 ppm. The probe has 
absorption maxima at 428 nm, but upon coordination with 
Al3 + ion, there is an increase in absorption with a small red 
shift of the maxima to 438 nm, indicating that the reaction 
is clean and straightforward. The red-shifting of the 
bands of HL (ligand) upon Al3 + addition is attributed to 
an intramolecular charge transfer through the chelation. 
The change of absorbance is linear until the molar ratio 
[Al3 + ]:[HL] reaches 1: 1, as well as no longer changes with 
an increase in [Al3 + ]. It suggests that the stoichiometry 
between HL and Al3 + is 1:1. The fluorescence emission of 
HL with other cations (Na + , K + , Ca2 + , Mg2 + , Mn2 + , Fe3 + , 
Zn2 + , Co2 + , Ni2 + , Pd2 + , Cd2 + , Hg2 + , Cu2 + , Ba2 + , and Pb2 + ) 
in MeOH/H2O (v/v 1:4) is insignificant. Thus, the probe 
is selectively showing “turn on” emission to Al3 + under 
the identical experimental condition. The probe is stable 
in the pH range of 2–12, and the maximum turn-on 
response to Al3 + was observed at pH 6. At pH 7, there 
was a sudden decrease in emission intensity; this might 
be due to the interaction of bases with a metal ion (Al3 + ) 
and lower the ligand-metal interaction. This indicates that 
the HL is useful for the detection of Al3 + at the biological 
pH at a much lower concentration than that of the WHO 
recommended value (7.41 mM) in drinking water. For 
binding stoichiometry of HL and Al3 + , the molar fraction 
maxima were obtained at around 0.5 mole fraction, which 
indeed supports 1:1 complex formation of HL and Al3 + . 
The ligand exhibited no significant toxicities even at the 
highest concentration of 100 µM. Therefore, the ligand 
is good biocompatible and is beneficial for biological 
applications.

Conclusion 
The condensation reaction of N1-(Phenyl(pyridine-
2-yl)methyl)benzene-1,2-diamine(0.273 g, 1.0 mmol) 
and 2-hydroxy-1-naphthaldehyde (0.172 g, 1.0 mmol) 
in MeOH (15 ml) for 12 hours at room temperature 

Table 2. Estimation of the amount of Al3 + ions in industrial wastewater using HL

Sample S. No.
Emission 

Intensity at 502 
nm (a.u.)

The Concentration of 
Reference Required (mM)

The Concentration of 
Industrial Wastewater 

Required (mM)

Ratio of Reference 
concentration: Sample 

waste water concentration

Amount of 
Al3 + ions (mM)

Industrial 
wastewater

1 64 70.12 26.75 2.621 0.381

2 45 103.73 38.65 2.683 0.372

Figure 8. Change in emission intensity of the emissive Al-complex with 
different anions.
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yielded 1-(1-(Phenyl(pyridine-2-yl)methyl)-1H-benzo[d]
imidazol-2-yl)naphthalene-2-ol. When irradiated at 400 
nm, the probe was effectively employed as a “turn-on” 
fluorescence chemosensor to Al3 + ion in the presence of 
a large number of other metal ions, and displays high 
strong blue emission (λem, 502 nm). The probe’s limit 
of detection (LOD) for Al3 + is 3.3 nM. Mass spectrum 
analysis, job plot, and 1H NMR measurements were 
used to determine the 1:1 metal-to-ligand complex. The 
pharmaceutical company effluent contains 0.38 mM of 
Al ion concentration at 64 emission intensity, which is 
significantly less than the WHO standard of 7.41 mM. 
The probe may also be used to detect Al3 + ions in living 
cells (Hep G2). By fluorescence cell imaging processes, 
HL becomes a flexible sensor for identifying intracellular 
Al3 + in human liver cancer cell line Hep G2 and human 
lung fibroblast cell lines, and the probe’s non-toxicity has 
been validated by MTT test up to 100 µM. All tests were 
conducted at ambient temperature.

Future Recommendations
The following research suggestions were well-received 
and can be utilized in future studies.
•	 In order to provide reliable data on the incidence of Al 

in industrial effluent, a more complete examination 
of a number of additional samples from diverse 
enterprises is necessary.

•	 Using DFT energy computations of the probe and 
the metal complex, the crystal structure of the ligand 
and the complex, including their HOMO-LUMO 
transitions, must be examined in detail.

•	 The crystal structure is critical, and it should be fully 
investigated while considering the metal and ligand 
coordination efficiency.

•	 When the chemical shift values of aromatic 
compounds are close together, it is difficult to 
distinguish the proton NMR signal peaks. As a result, 
the proton signal peaks should be widened and more 
easily distinguishable.

•	 The solid-state fluorescence experiment must be 
completed before the probes be used as light emitting 
diodes.
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