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A B S T R A C T   

The present study highlights the development, identification, and solvent-regulated chemosensing property of a 
Schiff base chemosensor (E)-2-(2-((5-chloro-2-hydroxybenzylidene)amino)propyl)-3′,6′-bis(diethylamino)spiro 
[isoindoline-1,9′-xanthen]-3-one (RBAS). The Schiff base RBAS is developed by the simple condensation of 5- 
chloro salicylaldehyde and rhodamine-1,2 diamino propane derivative (RBAP). Interestingly this probe can 
optically as well as fluorometrically exhibit pH sensor activity and the spirolactam ring opening and the con
version from enol to keto form in lower and higher pH regions respectively are the main key factors to show pH 
sensor activity. Several spectroscopic, Dynamic Light Scattering (DLS), and scanning electron microscopy (SEM) 
studies confirm the AIE active property of the probe in 2:8 DMSO-water and ethanol-water mediums where the 
probe exhibits strong luminescence properties. Interestingly in ethanol-water and DMSO-water medium, it can 
detect Hg(II) via turn-on and off fluorescence respectively. Actually, in different solvent mediums, the presence 
of Hg(II) plays a crucial role in the spirolactam ring opening and closing of the developed probe. Simultaneously 
in an ethanol-water medium, it can detect picric acid by turning off fluorescence. By using mass and NMR 
spectrum analysis, the 1:1 stoichiometric addition of the probe and target analytes has been verified and the 
density functional theory (DFT) study is implemented in optimizing the probe-analyte structure. The live cell 
imaging study gives the approval of the biosensing ability of the probe. Impressively the probe can be suc
cessfully used to detect Hg(II) in real soil samples.   

1. Introduction 

Mercury has been identified as the most hazardous heavy transition 
metal ion to humans because its excess presence has been linked to 
neurotoxic, immunotoxic, and genotoxic effects [1–3]. The burning of 
fossil fuels, solid waste incineration, and volcanic and oceanic eruptions 
are the main sources of this metal ion in ecosystems [4]. Through the 
food chain, Hg(II) is introduced to the body, where it can build up in 
excess and be stored. Its very low concentration can accumulate in the 
human body and seriously harm the kidneys, endocrine system, brain, 
neurological system, and immune system [5]. 

Picric acid (PA), the toxic derivative of phenol, is a very powerful 

explosive, which is even stronger than trinitrotoluene (TNT). It can 
seriously harm the human liver, eyes, skin, and respiratory systems, as 
well as bring chronic disorders in terms of anemia, cancer, and cyanosis 
[6,7]. Despite having a poisonous effect, its widespread use in industry 
and its high solubility in water make it easier to contaminate soil and 
water, creating environmental pollution. So, there is a pressing demand 
for simple and easy detection of these aforementioned materials. 

Reliable results are obtained using contemporary analytical methods 
such as atomic absorption spectroscopy, chemiluminescence, and vol
tammetry. However, the need for complicated instruments and sample 
pretreatments limits their usage for online or in-field monitoring are 
found to be restricted [8,9]. Because of low equipment needs, ease of 
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use, quick sensitivity, and lack of harmful potential, optical chemo
sensors are recommended as the right solution to this problem [10–17]. 

The majority of the chemosensors are not performing at their best 
performance as luminescent probes because of the thorny aggregation- 
caused quenching (ACQ) effect in molecular aggregates. Opposite to 
ACQ, aggregation-induced emission (AIE) showcases the photophysical 
phenomenon in which non-luminescent molecules in solutions with high 
water percentage are induced to show bright emission upon aggregate 
formation, as a result of restriction of intramolecular motions (RIM) 
caused by intermolecular steric interaction. In comparison to traditional 
ACQ fluorophores, the greatest advantage of the AIE active lumines
cence probe (AIEgens) is the highly efficient radiative transition in 
aggregate state for practical applications. 

The AIE active luminescence probe’s biggest advantage over con
ventional ACQ fluorophores is its extremely effective radiative transi
tion in aggregate state for useful applications and in recent years, 
fluorescent probes that exhibit aggregation-induced emission (AIE) have 
attracted a lot of attention [18–22]. Aggregation-induced emission of 
Schiff base molecules is pioneered by Tang et al. and this effect 
completely eliminated the ACQ (Aggregation-caused quenching) issue 
of conventional fluorescent materials [23]. In spite of the low lumines
cence property in the solutions with low aqueous percentages, a majestic 
enhancement of the fluorescence intensity is displayed by the probe as a 
result of aggregation in a high aqueous solution. As a result, AIE active 
probes that might provide fluorescence amplification rather than 
quenching on aggregation have emerged as a highly desirable material 
for reliable and quantitative sensing of several physiologically and 
environmentally significant target analytes. Several research groups 
report three types of strategies by which an AIE active probe can act to 
detect analysts. (1) In an optimal solvent system, in which the chemo
sensor exhibits the strongest emission, metal ions could be detected 
using the “on-off” mode [24,25]. (2) On the other hand, by inducing the 
AIE activity of the chemosensor in a particular solvent solution, the 
metal ions could be detected via fluorescence “turn-on” mode [26,27]. 
(3) The response of the chemosensor for the target cation with the 
development of metal complex with AIE activity [28]. However, one of 
the most important applications of this type of fluorescence enhance
ment probe is that in near aqueous solution, it has the capacity to detect 
biologically and environmentally sensitive cation and water-soluble 
explosives. 

Due to their remarkable spectroscopic qualities of long-wavelength 
excitation and emission profiles and high fluorescence quantum yields, 
rhodamine dyes have recently gained a great deal of attention in fluo
rescent chemosensors [29–31]. Rhodamine-based chemosensors exhibit 
a change in fluorescence upon binding to metal ions due to the open
ing/closing phenomena in the presence of metal ions. As a result, among 
several organic chemosensors, scientists have made larger attempts to 
manufacture a series of rhodamine derivatives that can be employed for 
quick detection and naked-eye recognition of metal ions [32,33]. The 
literature review reveals that hydrazine and ethylene diamine-based 
Schiff base chemosensors have been widely used for cation sensing 
[34–36]. A theoretical study unveils that the absorption spectra of 1,2 di 
amino propene is more or less the same with ethylene diamine. But very 
few reports have been found where tri carbon compound propene 1,2 di 
amine - Rhodamine B based chemosensor is developed for the selective 
detection of cations. Generally, bromo-substituted or chloro-substituted 
salicylaldehyde-based Schiff bases are found to be fluorescence-sensitive 
effective chemosensors for selective cation sensing [37,38]. Roy et al. 
have used 5-bromo salicylaldehyde-ethylene diamine based rhodamine 
derivative [39] as effective chemosensor towards target cations. But that 
chemosensor has no AIE active property and the chemosensor did not 
exhibit any pH sensor activity. 

Additionally, the measurement of pH values has evolved into one of 
the most essential necessities with the recent advancements in biological 
and environmental research and Organic Schiff base compounds and 
their derivatives have been shown to play crucial roles in determining 

the pH values of a particular medium. Interestingly many rhodamine- 
based Schiff based have been well studied as either acid pH sensors or 
basic pH sensors. But no rhodamine-based Schiff base probe has been 
developed which can effectively act as both acid and basic sensor up to 
the completion of many cycles. 

In the current work, one rhodamine B - propene 1, 2 di amine based 
chemosensor (RBAS) has been developed (see Scheme 1) which has 
effective Hg(II) identification ability in two AIE active ethanol-water 
and DMSO-water mediums via turn-on and off fluorescence response 
respectively. Not only that the probe can identify picric acid via turn-off 
fluorescence in ethanol water medium. The AIE-induced fluorescence in 
both mediums has been verified by DLS, SEM, UV, and fluorescence 
spectral studies. The total sensing phenomena have been spectroscopi
cally monitored along with the unveiling of sensing mechanisms. HRMS 
analysis, 1H NMR spectra, Job’s plot, and density functional theory 
(DFT) calculation approve the 1:1 complexation mechanism among 
every probe and analyte. Interestingly the probe can act as an active pH 
sensor either optically or fluorometrically in both acidic and basic me
dium. Furthermore, the probe RBAS has been successfully used as a 
biosensor and in the detection of the Hg(II) in real soil samples. 

2. Results and discussions 

2.1. Synthesis, IR, UV and ESI-MS analyses of the rhodamine-1,2- 
diamino propane derivative (RBAP) and RBAS 

The probe RBAS, (E)-2-(2-((5-chloro-2-hydroxybenzylidene)amino) 
propyl)-3′,6′-bis(diethylamino)spiro[isoindoline-1,9′-xanthen]-3-one 
has been developed through the condensation reaction of rhodamine- 
1,2-diamino propane derivative (RBAP) with 5-chlorosalicylaldehyde 
and the subsequent spectral studies have been implemented for proper 
identification of the probe. The FTIR spectrum data are used primarily to 
gain a preliminary understanding of the structural skeleton. In the 
spectrum of RBAP (Fig. S1 in supporting information file) the peaks at 
2969 cm-1, 1686 cm− 1 and 1614 cm− 1 appear as a result of C–H 
stretching, C––N stretching, C––O stretching. In probe, RBAS all three 
aforementioned stretchings appear in 2969 cm− 1, 1682 cm− 1 and 1617 
cm− 1 respectively (Fig. S2 in supporting information file). The sharp 
band in 1512 cm− 1 and 1510 cm− 1 for RBAP and RBAS respectively can 
be attributed to the vibration of skeletal benzene in the probe. The 
electronic spectra of RBAP show two absorption bands at around 275 
nm, 320 nm which is attributed to the n-π* and π- π* transition whereas 
these two transitions appear at 272 nm, 318 nm for RBAS (Fig. S3). 

The Electrospray Ionization Mass Spectra (ESI-MS) (positive mode, 
m/z up to 1200 amu) of RBAP and RBAS are recorded in methanolic 
solutions (Figs. S4 and S5 in supporting information file). RBAP and 
RBAS show one peak at m/z = 499.3065 and m/z = 638.2958 which is 
assigned for the species [RBAP þ H]+ (calculated m/z = 499.6590) and 
[RBAS þH]+ (calculated m/z = 638.2201) respectively. Figs. S6 and S7 
represent the 1H NMR of RBAP and RBAS whereas Figs. S8 and S9 
represent the 13C NMR of both compounds. The details of NMR char
acteristic signals are given in the experimental section of the manuscript. 

2.2. Crystal structure of RBAP 

The colorless block-shaped X-ray quality single crystals of the com
pound is crystallized in a centrosymmetric ‘triclinic’ space group ‘P-1’ 
from DMSO solvent system by slow evaporation at room temperature. 
The asymmetric unit of the crystal contains one molecule. strong aro
matic CH … Π interaction (3.331 Å, calculated using mercury 3.3 soft
ware) and CH⋯O interactions (C⋯O distance 3.544 Å, ∠C–H–O =
161.97◦, calculated using mercury 3.3 software) present in the crystal 
(Fig. 1A) that resulted in the overall crystal packing (Fig. 1B). The mo
lecular plot of the crystal is given in Fig. 1C. 
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2.3. Crystal structure of RBAS 

The X-ray quality crystal of the RBAS was crystallized in the 
centrosymmetric triclinic space group ‘P-1’ from methanolic solution of 
that compound. The asymmetric unit contains single molecule of the 
compound. The imine group of the ligand is involved in intramolecular 
hydrogen bonding [N(9) … H–O(1) = 1.88 Å, ∠NHO = 147.1◦] with the 
phenolic –OH group (Fig. 2A & Table S1). There are also various 
intermolecular C–H⋯O interactions (O⋯H–C = 3.591–3.284 Å, ∠CHO 
= 166.9◦–129.9◦, Fig. 2B & Table S1) present. These intramolecular 
hydrogen bonding and intermolecular C–H⋯O interactions produces 
overall packing (Fig. 2C) of the stable crystal structure. The molecular 
plot of the crystal is given in Fig. 2D. 

2.4. Photophysical property 

The developed RBAS contains a proton transfer moiety, so it is ex
pected that the molecule is dominated by a combination of locally 
excited state (LE), and excited-state intramolecular proton transfer 
(ESIPT). To scrutinize the emission mechanism, the photophysical 
behavior of RBAS has been checked in different solvents with polarity 
differences and Fig. S10 displays the total results. The molecule [2 μM] 
exhibits dual fluorescence emission in different solvents. The shorter 
wavelength peaks have been assigned to the locally excited state (LE), 
which is due to the vibrational signatures of the molecule whereas the 
broad peak in longer wavelength may be due to the ESIPT process since 
this molecule contains an –OH group (can contribute ESIPT). From the 
crystal structure, it is seen that the H atom of -OH can participate in 

Scheme 1. Synthesis of RBAP and RBAS.  

Fig. 1. A) Aromatic CH … Π interaction and CH⋯O interactions have been shown. For better clarity diethyl amine moieties (side chain) have been attached to the 
aromatic ring and all the hydrogen atoms were hidden. B) The overall parallel packing is shown along axis-b (for better clarity, all the hydrogen atoms were hidden) 
C) The molecular plot of the crystal (for better clarity, all the hydrogen atoms were hidden). 
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intra-molecular H-bonding with the N atom forming one six-member 
ring and the donor accepter bond length and angle [O(1)─H(1) … N 
(9)] (Table S1 in the supporting information file) confirms the moderate 
H-bonding. So, there is a possibility of the ESIPT process. With the 

change of solvent polarity, the red shift of the spectral position and the 
intensity change (high to low) of the tautomer band in nonpolar to protic 
solvents approve the presence of ESIPT behavior (Fig. S10), and this 
behavior is correlated to the disruption of intramolecular hydrogen 

Fig. 2. A) The intramolecular hydrogen bonding; B) All the possible CH⋯O interactions present in the crystal packing and (for better clarity, all the hydrogen atoms 
were hidden, except H-atom participated in the interactions. C) The overall parallel packing has shown along axis-a D) The molecular plot of the crystal (for better 
clarity, all the hydrogen atoms were hidden). 

Fig. 3. The optical changes along with fluorescence intensity changes of the probe RBAS (1 × 10− 6 M) with increasing the water percentage from 0 % to 99.99 % in 
(a) DMSO-water (b) EtOH-water AIE active medium (c) Chromaticity diagram from Fluorescence spectra. 
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bonding through intermolecular hydrogen bonding using protic sol
vents. In the presence of a high concentration of water intermolecular H- 
bonding occurs leading to a rigid aggregate formation. 

2.5. AIE performance of RBAS 

The photophysical feature of RBAS is scrutinized by checking its 
fluorescence response in the ethanol-water and DMSO-water mixture by 
varying the water content from 0 % to 99 % and the recorded data has 
been condensed in Fig. 3. The probe is fully soluble in both Ethanol and 
DMSO and its solubility in water is not at the expected level. So, anybody 
can say ethanol/DMSO is a good solvent for RBAS whereas water is a 
bad solvent. The probe remaining in the (fw ≤ 10 vol%) good solvents 
show a weak fluorescence emission at 563 (Φ = 0.002) nm 506 nm (Φ =
0.003) in ethanol-water and DMSO-water medium respectively. But 
with incremental addition of water volume from 50 % to 80 % the 
remarkable synchronous enhancement of emission intensity at 540 nm 
(Φ = 0.172) is visualized along with a distinct color change in ethanol- 
water medium but in DMSO water medium the enhancement of fluo
rescence intensity at 526 nm (Φ = 0.183) with optical color changes is 
visualized with increasing the water percentage up to 80 % (Fig. 3). The 
fluorescence lifetime of the probe has been measured for aggregate in 
ethanol/water and DMSO-water medium [30 μM] (fw = 30 % and 80 
%), (Fig. S11 in the supporting information file), and Table S2 in the 
supporting information file summarizes the lifetime changes. The fluo
rescence lifetime in the presence of 80 % water is higher than in the 
presence of 30 % water suggesting the AIE behavior of the probe. 

Such kinds of fluorescent behavior of RBAS can be attributed to the 
change of molecular packing modes and conformations in the aggre
gated states [40,41]. At the same time RBAS is largely isolated with little 
interaction with other neighboring RBAS in both ethanol and DMSO 
medium. As a result, the single bond rotation and high amplitude 
vibrational modes are the key factors for the dominant nonradiative 
decay channel which leads to the lower fluorescence intensity. In the 
presence of high-water content, the single bond rotations are completely 
locked in the aggregated state, arising as a result of intermolecular in
teractions and this phenomenon promotes molecular planarity and 
strengthens the π-conjugation of RBAS, leading to a red shift in the 
emission maxima. we can speculate that such kinds of emission spectral 
change are accredited to the emission from J-aggregates [42]. 

The emission intensity of RBAS in different AIE states can be visu
alized in CIE 1931 diagram (Commission International de L’Eclairage) 
(Fig. 3c). From fluorescence spectral data the CIE coordinates are found 
to be at (0.32, 0.48) and (0.36, 0.49) in EtOH – H2O and DMSO – H2O 
systems respectively. 

Fig. S12 displays the UV–vis absorption spectrum changes of RBAS in 
the presence of different percentages of water. The pictograph exposed 
that the probe shows two absorption maxima at 277 nm and 315 nm 
when 10% of water is present in ethanol solution whereas in DMSO- 
water medium (10 % water) the probe also displays two absorption 
maxima at 273 nm and 318 nm. But after increasing the water per
centage (up to 80 % in both DMSO and ethanol) in both cases this 
maximum gradually decreases with a redshift of the spectral position 
along with the development of a new band at 408 nm in DMSO water 
medium (indication of J-aggregates in both the medium). This obser
vation gives strong support behind the development of the new mate
rials as a result of the perfect aggregation effect of the probe when the 
water percentage is high. 

The DLS (Fig. S13 in the supporting information file) results show 
that the size of the particle increases with increasing water percentage in 
ethanol-water and DMSO-water respectively. 

SEM study also reveals that RBAS molecules aggregate to form a 
basket-like structure at room temperature (Fig. S14 in supporting in
formation file). 

2.6. pH effect of RBAS 

For checking the pH sensor activity of the target probe, the fluores
cence response of RBAS solution has been thoroughly investigated at 
different pH values. The pH of the solutions is adjusted by using HCl and 
NaOH solutions. 

The experimental results which are summarized in Fig. 4 and 
Fig. S15 elucidate that the compound RBAS shows a strong orange 
fluorescence color near 589 nm in an acidic solution (pH ≤ 4). Actually, 
in the lower pH, the spirolactam ring opening of the mother molecule 
occurs [40] whereas at the higher pH of the solution, the spirolactam 
ring again closed. With decreasing the pH value of the solution, a 
continuous enhancement of the color intensity and fluorescence in
tensity is visualized. 

The pH sensitivity of the target chemosensor in an acidic region is 
similar to the previously reported other rhodamine-based pH sensors 
[43–46]. But in the present scenario, our developed material comes to 
the leaderboard with a marvelous advancement. Here with increasing 
the pH value of the RBAS solution (pH ≥ 8) (Basic solution) a new 
emission band near 465 nm is visualized along with the distinct color 
change from colorless to bright cyan color (see above) and the 
enhancement of emission intensity as well as the intensity of the color is 
gradually increases up to pH = 13. In higher pH, the “ESIPT” character 
(discussed above) will be dominative, which boosts the enol – emine to 
keto – amine conversion, leading to the introduction of emission in
tensity to the material. At the same time, the ICT proceeds with the 
ionization of the hydroxyl group, leading to the development of an 
intense green color. This color-changing behavior of the RBAS with the 
change of pH can be repeated in several cycles simply by altering the pH 
of the practical solution (Fig. S16). The emission intensity, quantum 
yield, and wavelength variation of the probe with the change of pH are 
condensed in Table S3. So the spirolactam N and hydroxyl group are the 
two parts for exhibiting pH sensor activity. The pH response of the probe 
in terms of color, emission intensity, and wavelength variation and 
quantum yield is schematically represented in Scheme 2. All the above 
discussions approve one fact that in the future the probe may be a strong 
competitor among the fluorescence pH marker community. 

2.7. Analytical performance of the probe RBAS towards competitive 
cations 

2.7.1. Optical signature 
As the probe, RBAS is an AIE active material in DMSO-water and 

ethanol-water mediums so its performance as a chemosensor has been 
inspected in the detection of several cations in both the AIE active 

Fig. 4. Optical and the emission intensity change of RBAS (1 × 10− 6 M) by 
altering the pH of its solution. 
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mediums. Initially, the investigation starts with the optical color change 
of RBAS in the presence of different cations, like Al(III), Fe(III), Cr(III), 
Mn(II), Co(II), Zn(II), Ni(II), Cd(II), Hg(II), Na(I), K(I), Co(II), Mg(II), 
and Ca(II) in both the medium. 

In this study, the optical color changes of RBAS (3 × 10− 6 M) solu
tion are visualized in the presence of different competitive cations. 
Under the UV light in 2:8 DMSO-water medium, the intense green color 
solution of the probe shifts vividly to colorless in the presence of only Hg 
(II) ion (1.5 × 10− 5 M). Here one special fact is noticeable that after a 
long time, a light pink color solution is developed (see Fig. 7b). On the 
other hand in an ethanol-water AIE active medium, a deep pink color 
solution is observed instantly only in the presence of Hg(II) (Fig. 5). 
Impressively no distinct color change is observed for other competitive 
cations in both the medium. 

2.7.2. Fluorescence spectroscopic response 
After optical signature checking, the fluorescence response of the 

studied probe is scrutinized with the separate presence of the competi
tive cations. Fig. S17 displays the fluorescence response of RBAS (3 ×
10− 6 M) towards several cations in different AIE active mediums. The 

pictograph shows that in ethanol-water and DMSO-water AIE active 
mediums, the probe RBAS (3 × 10− 6 M) exhibits strong emission at 540 
nm (φ = 0.183) over excitation at 326 nm and at 526 nm (φ = 0.172) 
over excitation at 320 nm respectively. Interestingly, in the ethanol- 
water medium after the separate addition of various cations to the 
probe, the enhancement of the fluorescence intensity is observed in the 
presence of only Hg(II) (1.5 × 10− 5 M) whereas, in DMSO water AIE 
active medium, the probe shows the reduction of emission intensity in 
presence of Hg(II) only. Additionally, the turn-on Fluorescence of Hg(II) 
in the EtOH – H2O system can be visualized in CIE 1931 diagram 
(Commission International de L’Eclairage) (see above in Fig. 3c) where 
CIE coordinates are found at (0.46, 0.463), indicating the appearance of 
emission of RBAS – Hg(II) towards the orange-red region. 

After the optical and fluorometric response, the absorbance variance 
of the RBAS has been recorded after gradual additions of Hg(II) to 
ethanol-water and DMSO-water AIE active mediums (Fig. 6). 

Both the titration pictographs exhibit that in 2:8 ethanol-water me
dium, the probe RBAS displays two absorption bands centered at 278 
nm, and 326 nm whereas in 2:8 DMSO-water medium, it also shows the 
two absorbances at 275 nm and 320 nm. The separate incremental 

Scheme. 2. Proposed mechanism for the conformational changes od RBAS under the influence of different pH (acidic and basic).  

Fig. 5. Optical change of color of RBAS after the addition of several cations (1:5) in a 2:8 a) ethanol/water b) DMSO-water medium showing the distinct color change 
only in the presence of Hg(II). 
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addition of Hg(II) to the probe a steady enhancement in all the absor
bances is visualized in ethanol-water and DMSO-water medium along 
with the development of a new peak at 560 nm and 480 nm respectively. 

By using B–H equation, (equ. 1) the calculated binding constants for 
RBAS – Hg(II) adducts are 1.11 × 105 M− 1, 1.97 × 105 M− 1 in ethanol- 
water and DMSO – water respectively. 

1
A − A0

=
1

(Amax − Ao)Kb × C
+

1
(Amax − A0)

(1) 

The stability of the probe in ethanol-water AIE active medium has 
been authenticated by recording the absorbance changes of the probe as 
a function of time (Fig. S18) and the results show that the probe is fully 
stable in AIE active medium as very little absorbance change is visual
ized with the change of time. 

Followed by the optical, UV metric, and fluorometric confirmation of 
the selective detection of Hg(II) by RBAS, a quantitative evaluation 
comparing the fluorescence intensity change of the probe as a function 
of the concentration of analyte in both working mediums has been 
conducted. It is quite clear from the titration data summary (Fig. 7) that 
the RBAS exhibits a very strong emission at 540 nm (Φ = 0.172) and 
526 nm (Φ = 0.183) in ethanol-water and DMDO-water medium 
respectively. 

After consecutive incremental addition of Hg(II) to RBAS, the fluo
rescence intensities of RBAS steadily increase (Φ = 0.269) in ethanol- 
water medium (Fig. S11) whereas a gradual reduction of the emission 
intensity is observed in DMSO-water medium (Φ = 0.089) along with 
the development of a new peak during the ending part of titration. This 
observation indicates that after a certain period of time, an enhancement 
of fluorescence intensity is observed in a higher wavelength. This 

observation is explained in the mechanism unveiling section. 
In the presence of Hg(II) in RBAS in DMSO-water AIE medium no 

remarkable change in lifetime is observed (Fig. S11 in the supporting 
information file). The fluorescence quenching in the presence of Hg is 
static as in the presence of S = the quenching can be recovered and this 
type of quenching leads to the negligible change in fluorescence lifetime. 
But in the presence of Hg in ethanol-water AIE active medium the life
time increases and the development of new fluorescence active Hg(II) 
complex with RBAS probe having spirolactam ring opening structure, 
leads the enhancement of lifetime (Fig. S11 in the supporting informa
tion file). 

The limit of detection (LOD) is measured by utilizing the equation 
(equ. 2)  

LOD = 3 σ/K                                                                                    2 

Where σ is the standard deviation of the blank solution and K is the slope 
between the fluorescence versus each analyst’s concentration. LOD is 
measured to be 2.43 × 10− 8 M and 4.54 × 10− 8 M in DMSO-water and 
ethanol-water respectively (Fig. S19 in supporting information file). By 
utilizing the fluorescence titration pictograph, the binding constant K 
has been measured from a linear fitting plot by utilizing the following 
equation (equ. 3) where the binding constant K has been measured from 
the intercept. 

log
F − Fmin

Fmax − F
= logK + nlog[M] (3) 

The binding constant values for RBAS-Hg(II) are measured to be 
1.318 × 105 M− 1, 2.13 × 105 M− 1 (Fig. S20) in EtOH – water and DMSO- 
water respectively. 

Fig. 6. The absorbance change of RBAS (2 × 10− 6 M) after gradual addition of Hg(II) in a) 2:8 ethanol-water medium b) 2:8 DMSO-water medium [Inset: the binding 
constant measurement graph. 

Fig. 7. Fluorescence intensity changes of RBAS (3 × 10− 6 M) upon incremental addition of Hg(II) (1.0–25.0 × 10− 5 M) in a) ethanol-water b) DMSO-water medium. 
Inset: optical colour change upon addition of Hg(II) to RBAS solution. 
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In the effective chemosensor development research field, reproduc
ibility is a crucial factor for the actual implementation of a chemosensor. 
Here, the presence of the reversibility has been accomplished by the 
alternative addition of sodium sulfide (Na2S) and Hg(II) to RBAS-Hg(II) 
adduct (Fig. S21). Finally, the results of the competitive assay study 
prove that among several competitive cations only Fe(III) and can 
slightly interfere with the turn-on and off fluorescence response of RBAS 
in the presence of Hg(II) (Fig. S22). 

2.8. Picric acid (PA) sensing efficacy of RBAS 

In an ethanol-water AIE active medium, the probe is exposed to 
check its picric acid sensing ability. Initially, in 2:8 ethanol-water me
dium, the cream color of the probe RBAS (3 × 10− 5 M) turns colorless 
when exposed to UV light after the addition of four equivalents of picric 
acid (Fig. 8 and Fig. S23) and for other nitroaromatic compounds 
(NACs), no distinct color change of the probe is observed. 

Following that, electronic titration and fluorescence titration in the 
same working medium are implemented to further monitor the picric 
acid detection phenomena. Fig. 8 displays the summary of the titration 
results. 

The pictograph discloses that the bare RBAS (2 × 10− 6 M) shows two 
absorption maxima at 278 nm and 326 nm, which steadily increase upon 
the addition of picric acid (1–20 × 10− 6 M) solution. but the incremental 
order is higher at 328 nm compared to 277 nm. The measured probe- 
analyte binding constant is 5.49 × 104 M− 1 (inset of Fig. 8a). Simulta
neously, in the same medium after the gradual addition of picric acid 
(2–30 × 10− 6 M) to RBAS (2 × 10− 6 M), an impressive decrease in 
emission intensity is seen. The LOD value has been determined as 8.37 
× 10− 8 M (Fig. S24). The spectroscopic results approve the sensing 
ability of RBAS to picric acid. 

After the photophysical property study as well as chemosensor ac
tivity study of RBAS one can easily say that RBAS is not a simple added 
molecule in the rhodamine-based chemosensor library. To support this 
statement we can say that for the first time, one rhodamine-based che
mosensor can show both acid and base sensor activity, AIE activity in 
DMSO-water and ethanol-water medium, Hg(II) sensing in both AIE 
active medium via turn-on and turn off response and picric acid sensing 
activity in AIE active medium. To validate this point Table S4 is 

incorporated in the supporting information file which discloses a 
comparative property of several rhodamine-based Schiff base 
chemosensors. 

2.9. Possible probe-analyte sensing mechanism 

The foregoing discussion makes evident the recognition of Hg(II) and 
picric acid by the newly developed probe RBAS. Now, it is time to 
disclose the probe-analyte binding mechanism (Scheme 3). In a 2:8 
ethanol-water AIE active medium, the spirolactam ring opening occurs 
in the presence of Hg(II), inducing the fluorescence response with high 
intensity. In the presence of ethanol (protic solvent), the ring opening 
becomes easy. 

Here the high polar ethanol medium helps to perform ring opening. 
But in 2:8 DMSO-water AIE active medium, upon addition of Hg(II) a 
fluorescence quenching (Fig. 7) is observed and this behavior is attrib
uted to chelation-enhanced quenching (CHEQ) effects and the less polar 
DMSO medium initially fails to open the ring in presence of Hg(II). In the 
DMSO-water medium, the presence of Hg(II) can form a complex be
tween Hg(II) and the probe, and the Hg complexation with the surface 
molecule of the probe induces spin-orbit coupling mechanism [due to 
the presence of heavy Hg(II)] to depopulate the emissive S1 state of the 
molecule which leads to the reduction of emission intensity of AIE active 
gen. Interestingly after a long time and in the presence of a high con
centration of Hg(II) the ring opening occurs and this is confirmed in a 
quantitative fluorescence assay study where in the finishing time of 
titration a new emission intensity band is further developed in higher 
wavelength and light pink color is visualized (Fig. 7). 

Implementation of the traditional Job’s plot method assures the 
probe–analyte 1:1 stoichiometry complexation in both DMSO-water and 
ethanol-water mediums. (Fig. S25). 

2.10. Mass spectral analysis 

The mass spectral data analysis gives strong support against the 1:1 
coordination of probe and analyte. After separate mixing of probe RBAS- 
Hg(II) in mass spectra, we get one major peak at m/z = 873.2227 which 
is assigned for the species [C38H40HgCl2N4O3](calculated 873.2250), in 
both system (Fig. S26). 

Fig. 8. (a) Optical color change of RBAS in the presence of four equivalent picric acid (b) absorbance change of RBAS in the presence of picric acid (c) fluorescence 
quenching of RBAS in the presence of picric acid. 
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Scheme 3. Possible mechanism of the sensing of Hg(II)/picric acid by RBAS in different AIE system.  

Fig. 9. NMR titration of RBAS by Hg(II).  
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2.11. NMR titration 

Furthermore, 1H NMR spectral titration also validates the Hg(II) 
coordination with RBAS. The 1H NMR spectrum of the probe are 
recorded in the presence of different concentration of Hg(II) and the 
spectral titration is represented in Fig. 9. 

NMR spectrum unveils that all the aromatic protons and aliphatic 
protons of the probe appear in the region of 6.2–7.8 ppm and 1.1–3.5 
ppm and the aromatic OH group appears at 12.9 ppm. 

During Hg(II) complexation, the probe RBAS acts as an N, N donor 
bi-dented ligand where the phenoxide group does not coordinate to the 
metal center and this can be clearly seen in the NMR spectrum where the 
signal of the aromatic OH proton present on all the spectrum and the 
shifting of aromatic and aliphatic protons confirms the formation of 
metal-ligand complexation. 

2.12. DFT study 

After getting confirmation regarding the formation of 1:1 RBAS- 
analyte complexation DFT study has been performed to optimize the 
structure of the probe as well as probe-analyte complexes in both the 
medium. The optimized structure of RBAS and the complexes are 
depicted in Fig. S27. From the optimized structure it is observed that in 
the Hg complex, the Hg atom is coordinated by one O atom from RBAS, 
two O from water, and one Cl− atom to form a distorted tetrahedral 
geometry. 

We computed the TDDFT spectra of the RBAS and the RBAS – Hg(II) 
complex in both EtOH and DMSO solvents separately at room temper
ature. The HOMO – LUMO energy gaps are summarized in Fig. 10. The 
results unveil that the HOMO – LUMO gap for the sensor RBAS is found 
to be 3.19 eV in the DMSO medium and 3.17 eV in the EtOH medium. 
For RBAS- Hg(II) complex the HOMO – LUMO energy gap is measured to 
be 1.57 eV and 1.62 eV in EtOH and DMSO system respectively. Besides 
RBAS – PA, the HOMO – LUMO energy gap is found to be 1.40 eV in 

EtOH system. The theoretical absorption spectral bands with their 
electronic transitions and oscillation strengths are tabulated in Table S5. 

In EtOH solvent, RBAS exhibits two absorption bands at 272.86 a.m. 
and 316.18 nm while in experimental spectra these peaks are found to be 
272.09 nm and 318.05 nm which are well matched to the theoretical 
spectra. The spectrum band arises at 316.18 nm due to the electronic 
transition from S0 to S1 between the HOMO bonding molecular orbital to 
LUMO antibonding molecular orbital (Electron density shifts towards 
the C––N imine bond and the aromatic part of the aldehyde moiety. 

For Hg Complex in EtOH solvent, two distinct spectral bands are 
found at 274.95 nm and 320.48 nm showing a good agreement with the 
experimental result. The band arises at 320.48 can be ascribed to the S0 
to S7 electronic transition between the HOMO-3 to LUMO molecular 
orbital. 

In the DMSO solvent, the absorption bands are found to be 272.46 
nm and 325.10 nm which has well matching with the experimental 
findings. The Band arises at 325.10 nm and could be assigned to S0 to S13 
electronic transition between the HOMO-6 to LUMO molecular orbital. 
In Both cases the electron density shifts from the xanthene part of the 
Rhodamine spirolactam ring to the aromatic part of the aldehyde 
moiety. 

For RBAS – PA adduct in EtOH solvent, the theoretical spectral bands 
are 280.13 nm and 329.71 nm whereas the experimental bands are 
located at 277.19 nm and 328.39. The absorption band that arises at 
329.71 nm could be assigned to the electronic transition S0 to S6 be
tween the HOMO-1 to LUMO+2 molecular orbital (electron density 
shifts from the xanthene part of the Rhodamine spirolactam ring to the 
PA moiety). 

In this experiment, the calculated low-energy gap values after the 
metal complex formation from the ligand support the spectral red shift 
for each complex in the experimental procedures and these results 
display favorable agreements with the above discussions. 

Fig. 10. HOMO-LUMO energy gap of RBAS, RBAS-Hg(II) complex, and RBAS-picric acid complex.  
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2.13. Live cell imaging study 

After spectroscopic monitoring of Hg(II) sensing phenomenon by 
RBAS, the bio-sensing ability of the probe has been checked by per
forming a cell imaging study. Before the cell imaging study, there is an 
urgent need to check the cell viability study of the target probe. 

Fig. S28 displays the cell viability study of the probe indicating the 
disability of cytotoxicity up to 100 μM concentration. In the cell imaging 
study initially, the HeLa cells are first incubated with RBAS for 4 h and 
after that, the cells are treated with Hg(II) (1: 4 ratio) ions for an addi
tional 2 h. Interestingly the cells treated with the bare RBAS show 
intense green fluorescence but impressively the green fluorescence dis
appears after the addition of Hg(II) (Fig. 11). This observation clearly 
indicates that RBAS can readily cross the membrane barrier of the cells, 
and it can rapidly recognize Hg(II) within the cell. 

2.14. Application in soil sample detection 

The soil samples including sandy soil, Humas soil, and Alluvial soil 
are collected from different locations nearest to our institute. The fluo
rescence responses of Alluvial soil at different concentrations of Hg(II) 
are investigated under UV light (λex = 365 nm) as well through fluo
rescence spectra. The results which is pictographically represented in 
Fig. 12 unveil that the concentration change of Hg(II) in soil is easily 
detected by the probe RBAS by changing its fluorescence color as well as 
spectral change. That means with increasing the concentration of Hg(II) 
the color of the solution becomes more intensified and the emission 
intensity also increases. All these results represent a strong evidence that 
the chemosensor RBAS may be an efficient practical chemosensor for 
recognition the Hg(II) in several types of real samples. 

3. Conclusion 

In the present study, a novel Schiff base RBAS has been developed by 
simple condensation of 5-chlorosalicylaldehyde and rhodamine b-1, 2- 
diamino propane derivative (RBAP). The spectroscopic data and sin
gle crystal data analysis of RBAP and RBAS properly identify both 
compounds. After the acknowledgment, the Schiff base chemosensor 
RBAS is used to check its pH sensing and chemosensing behavior. A 
thorough optical and fluorometric inspection proves the acid-base pH 
sensor activity of RBAS up to many cycles. The enol-keto transformation 
in basic medium and spirolactam ring opening in acid medium is mainly 
responsible for exhibiting such pH sensitivity. Further investigation 
shows that the probe also shows AIE-induced fluorescence response in 
ethanol-water and DMSO water medium. With the presence of 80 % 
water, the probe shows the highest emission intensity in ethanol-water 

and DMSO-water medium with a distinct color which is authenticated 
by fluorescence spectroscopic, UV spectroscopic, DLS, and SEM studies. 
The AIE active behavior of the probe has been successfully utilized to 
detect Hg(II) via turn-on and off fluorescence response in ethanol-water 
and DMSO water respectively. On the other hand, in an ethanol-water 
medium, it can detect picric acid by turning off fluorescence in the 
ethanol-water medium. Here actually in ethanol-water medium, the 
spirolactam ring opening is the main factor to show the fluorescence 
enhancement in the presence of Hg(II) but this phenomenon is not 
smooth in less polar DMSO water medium. Here initially the presence of 
heavy metal forms the complex, reducing the population S1 state. But 
after a certain period of time, the ring-opening phenomena occur in the 
DMSO medium which is validated by optical and fluorescence response. 
After careful handling of the sensing phenomena, the MASS and NMR 
spectral data analysis are utilized to confirm 1:1 host-guest stoichio
metric combination. The DFT study optimizes the structure of the probe- 
analyte complexes. The biosensing ability of the chemosensor is 
confirmed by a live cell imaging study. Finally, it is proved that this 
probe can optically and fluorometrically detect the concentration effect 
of Hg(II) in real soil samples. 

4. Experimental section 

4.1. Materials and physical measurements 

All the reagents and solvents needed for synthesis are easily acces
sible on the market. As reagent-grade chemicals were employed 
throughout the whole experimental section, no additional purification 
was necessary. Rhodamine B, 1,2-diaminopropane, 5-chlor
osalicylaldehyde, and sodium sulfide (Na2S) were purchased from Sigma 
Aldrich Chemicals. Metals including HgCl2 and Picric acid (PA) were 
procured from Merck. Perkin-Elmer 240C elemental analyzer was used 
to conduct elemental analysis. For FTIR data collection ATR mode 
Bruker Tensor − 27 and for electronic absorption study Perkin Elmer 
UV–Vis Lambda 365 spectrophotometers were used. By using Perkin 
Elmer Fluorescence spectrometer FL6500 the total fluorescence spec
troscopic experiments were performed. The 1H NMR spectra were 
recorded in Joel 400 and Bruker Advance 600 operating at 400 MHz and 
600 MHz. The particle size of the complexes was measured by Zetasizer 
Nano ZS90. Scanning Electron Microscopy (SEM) was carried out with a 
JEOL JSM-6700F field-emission microscope. 

4.2. Synthesis of rhodamine-1,2 di amino propene adduct (RBAP) 

Rhodamine B (5 × 10− 4 mol, 0.24 g) and 1,2-diaminopropane (5 ×
10− 3 mol, 0.45 ml) were dissolved in ethanol. The mixture was refluxed 

Fig. 11. Fluorescence microscopy images of HeLa cells incubated with RBAS- Hg(II).  
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for 16 h. After the solvent was evaporated to dryness under reduced 
pressure, the crude product was washed with distilled water and 
collected through filtration followed by centrifugation, then recrystal
lized from ethanolic solution to remove the impurities, and finally 
analytical study was performed. 

The melting point of RBAS is 97 ◦C 
FT-IR (KBr pellet): ν (C––O) 1686 cm− 1, ν (skeletal vibration) 2969 

cm− 1 ν (C–H stretching) 

4.3. UV–vis: 275 nm (ᴨ- ᴨ*), 320 nm (n- ᴨ*) 

1H NMR (400 MHz, CDCl3) δ 7.96–7.90 (m, 1H), 7.51–7.44 (m, 2H), 
7.17–7.09 (m, 1H), 6.50–6.40 (m, 1H), 6.39 (s, 3H), 6.30 (t, J = 5.6 Hz, 
2H), 3.35 (q, J = 7.2 Hz, 8H), 3.12 (dd, J = 14.2, 8.9 Hz, 1H), 2.94 (dd, J 
= 14.1, 4.8 Hz, 1H), 2.49 (dt, J = 12.2, 6.2 Hz, 1H), 1.18 (t, J = 7.1 Hz, 
12H), 0.88 (d, J = 6.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 169.08, 153.61, 153.39, 153.34, 
148.98, 148.93, 132.58, 131.44, 128.98, 128.71, 128.21, 124.05, 
122.93, 108.35, 108.25, 106.09, 105.78, 97.86, 97.79, 77.48, 77.36, 
77.16, 76.84, 65.32, 49.62, 46.18, 44.47, 21.56, 12.73, 12.71. 

4.4. Synthesis of RBAS 

5-chlorosalicylaldehyde (1 mmol, 0.637 g) was added to the meth
anolic solution of RBAP (1 mmol, 0.499 g) under reflux conditions. 
Instantaneously, the colorless solution turns yellow. The completion of 
the reaction was thoroughly monitored by TLC. After the reaction was 
complete, the solvent was evaporated using a rotary evaporator, and the 
yellow solid was collected for examination. 

4.5. Melting point of RBAS is 195 ◦C 

FT-IR (KBr pellet): ν (C––N) 1616 cm− 1, ν (skeletal vibration) 1430 
cm− 1 ν (Aromatic C–N stretch) 1374 cm− 1. UV–vis: 272 nm (ᴨ- ᴨ*), 318 
nm (n- ᴨ*). 

1H NMR (400 MHz, DMSO) δ 12.99 (s, 1H), 7.82 (s, 1H), 7.78–7.75 
(m, 1H), 7.54–7.45 (m, 2H), 7.31 (d, J = 2.7 Hz, 1H), 7.29 (q, J = 2.5 Hz, 
2H), 7.03–6.99 (m, 1H), 6.84 (s, 1H), 6.82 (s, 1H), 6.39 (d, J = 2.5 Hz, 
1H), 6.33 (d, J = 2.4 Hz, 1H), 6.28–6.22 (m, 3H), 6.18 (t, J = 8.4 Hz, 
1H), 3.40 (dd, J = 14.1, 8.7 Hz, 2H), 3.26 (q, J = 7.4 Hz, 5H), 3.12 (q, J 
= 6.6 Hz, 1H), 2.98 (d, J = 4.5 Hz, 1H), 2.95 (d, J = 4.5 Hz, 1H), 1.08 
(dt, J = 9.8, 6.9 Hz, 13H), 0.97 (d, J = 6.4 Hz, 3H). 

13C NMR (101 MHz, DMSO) δ 167.42, 163.21, 159.08, 153.09, 
152.83, 152.66, 148.37, 148.32, 132.80, 131.63, 130.38, 130.31, 
128.71, 128.38, 128.33, 123.76, 122.36, 121.68, 119.66, 118.33, 
108.15, 107.90, 105.45, 104.66, 97.19, 97.13, 64.15, 61.79, 46.45, 
43.62, 40.15, 39.94, 39.73, 39.52, 39.31, 39.10, 38.89, 20.65, 12.40. 

4.6. X-ray crystallography 

Getting the structures of RBAP and RBAS the single crystal X-ray 
diffraction (SCXRD) analyses study was carried out using Bruker D8 
QUEST diffractometer. The crystallographic data and refinement pa
rameters of the RBAP and RBAS were condensed in Table S6 in the 
supporting information file. Reflection data were measured at 296 K, 
using graphite monochromatic MoKα radiation with a PHOTON-II de
tector. The collected data were reduced using the program APEX-III and 
an empirical absorption correction was carried out using SADABS [47]. 
The structure was solved using direct methods and refined using the 
full-matrix least-squares method on F2 using the WINGX software 
package [48,49]. The molecular graphics were made using SHELXT 
[50]. All non-hydrogen atoms were refined with anisotropic parameters. 
CIF file of the complex for the structure reported has been deposited 
with the Cambridge Crystallographic Data Centre (CCDC). Copies of the 
data can be obtained, free of charge on application to the CCDC, 12 
Union Road, Cambridge, CB2 1EZ UK [Fax: 44 (1233) 336 033 e-mail: 
deposit@ccdc.cam.ac.uk]. 

4.7. Raw sample preparation for fluorescence and UV spectral study 

The stock solution of chemosensor RBAS was made in a methanol 
medium and the stock solution of competitive metal ions (5 × 10− 3 M) 
was prepared in triple-distilled water utilizing the chloride salts of the 
metal ions. During total fluorescence and absorption investigation, the 
optimal amount of RBAS (10− 2 M) stock solution was added to 2:8 
ethanol-water and 2:8 DMSO–water HEPES buffer medium in the quartz 
optical cell with a 1 cm optical path length in order to properly assess the 
experimental concentration. Following the addition of the requisite 
amount of cationic or anionic stock solutions using a micropipette, 
spectral data were recorded. 

4.8. Fluorescence quantum yield measurements 

Fluorescence quantum yield (Φ) was determined using quinine sul
phate (ΦR) reference using the following equation. 

4.8.1. Fluorescence quantum yields (φ) sample 
= ΦR × AS/AR × AbsR/AbsS × ƞs2/ƞR

2 

Where A denotes the integrated area under the fluorescence curve, 
Abs refers to absorbance, ƞ stands for the refractive index of the medium 
and Φ is the fluorescence quantum yield. S and R in subscript represent 
the respective parameters for the studied sample and reference, 
respectively [51]. 

Fig. 12. (a) The pictures of Alluvial soil containing different concentrations Hg(II) after the addition of RBAS under the Uv light (λex = 365 nm) (b) change of 
Emission intensity in the different soil samples after the incorporation of RBAS (3 × 10− 6 M). 
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4.9. Sample preparation for SEM 

The probe RBAS was dispersed in EtOH/H2O (2:8 v/v) solution and 
DMSO/H2O (2:8 v/v) solution for about 20 min. On different glass discs, 
the scattered solutions were drop-cast. The discs were submitted to an 
SEM experiment to record the appropriate pictures after being dried 
under air for one day at room temperature. 

4.10. Sample preparation for DLS 

One mg of RBAS was dispersed separately in various solutions (4 ml) 
of EtOH – H2O mixture and DMSO – H2O mixture The dispersed solution 
was then kept in a quartz cuvette to investigate the DLS experiment to 
obtain the size of the particles. 

4.11. Computational details 

The ground state geometries of the RBAS is measured in ethanol/ 
DMSO whereas the RBAS- Hg(II) adducts are fully optimized in both AIE 
solvent and RBAS – PA adduct is fully optimized in EtOH – H2O solvent 
using B3LYP exchange-correlation functional. 6-311+G(d,p) basis set 
for all non-metallic atoms, and Lanl2dz basis set and respective effective 
core potential for the metal atoms, as implemented in Gaussian 16 
program package have been used. Considering the floppy structure of 
some of the systems, tight convergence criteria along with ultrafine grid 
for integral calculations and empirical dispersion (GD3) to account for 
dispersion interactions are used. The stationary points on respective 
potential energy hypersurfaces obtained from geometry optimization 
were confirmed to be minima by the evaluation of respective Hessian. 
After geometry optimization and vibrational frequency calculations, the 
one-photon absorption parameters viz. excitation energies, transition 
moments, oscillator strength, and orbital contributions to each excita
tion are calculated at the same level of theory in same solvent. The 
solvent phase environment is mimicked by employing the polarizable 
continuum model implemented in Gaussian 16 program. 

4.12. Sample preparation for the detection of soil samples 

Three different types of soil samples were collected from our institute 
and different areas. At first, the soil samples are dried under sunlight and 
ground into fine powders. Then 4 ml of Hg(II) solution at different 
concentrations (0, 5, 10, 20 μM) was mixed with the soil samples and 
then again dried. After that 0.5 g of each sample was transferred to a 4 
ml water solution containing 5.0 μM RBAS separately and stirred for 10 
min then allowed to settle. The sediments were moved to the lower part 
and the clear solution of the upper part was collected very carefully and 
fluorescence spectroscopic response was monitored. 

4.13. Fluorescence imaging study 

HeLa cells were seeded in a 24 well cell culture plate at a density of 5 
× 104 cells per well using Dulbecco’s Modified Eagle’s medium (DMEM) 
supplemented with 10 % Foetal bovine serum (FBS). As a next step, cells 
were incubated at 37 ◦C in an atmosphere of air with 5 % CO2 for 
overnight. The cultured media were separated and then cells were 
washed with phosphate-buffered saline (PBS, pH 7.4) twice. The cells 
were then incubated with detector RBAS in PBS [25 mM stock solution 
of RBAS was prepared by dissolving it in DMSO; use 1 μL of stock to 500 
μL of PBS to obtain 50 μM final concentration of RBAS] with PBS (pH 
7.4) for 2 h and then added ZnCl2 and washed with PBS. After that under 
a fluorescence microscope (DeWinter) the cells were observed under 
400X magnification and by microscope camera, images were taken. In 
the next step, ATP was added and microscopic images were collected. 
Finally, the images were analyzed using Image J 1.49 v software. 

4.14. In vitro cytotoxicity assay 

The antiproliferative effect of RBAS was checked on HeLa cells 
(human cervical carcinoma cell line) by implementing 3-(4,5-Dime
thylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay. The 
25 mM stock solution of RBAS was prepared in DMSO. Initially, the Cells 
were seeded at a density of 2 × 105 cells/well in a 96-well cell culture 
plate. After 24 h of cell seeding, cells were exposed to ligand with 
different concentrations after 4 h of serum starvation. 0.4 % of DMSO in 
a complete medium was used as a solvent control. After 24 h of incu
bation, cells were treated with 0.5 mg mL− 1 MTT solution (Sigma; 
prepared in PBS at a concentration of 5 mg mL− 1 and diluting in serum- 
free medium at a final concentration of 0.5 mg mL− 1) and then incu
bated for 3 and a half hrs at 37 ◦C. The media was removed and the 
formazan was dissolved in DMSO and OD was measured at 570 nm using 
a microplate reader (Biorad). The rate of survival was measured by 
utilizing the following formula [52,53]. 

Cell viability (%)= (ODAT /ODAC)× 100  

Where ODAT = Absorbency of control cells and ODAC = Absorbency of 
treated cells. 
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