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Cascade recognition of Hg2+ and cysteine
using a naphthalene based ESIPT sensor and its
application in a set/reset memorized device†

Navneet Kaur, *a Gitanjali Jindal,a Sukhvinderb and Subodh Kumarb

An optical ESIPT sensor for Hg2+ and cysteine based on a naphthalene platform (1) was designed and

synthesized by a one step reaction and characterized by using common spectroscopic techniques.

Upon addition of Hg2+ to a 9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES buffer) solution of 1, the highly

fluorescent probe becomes weakly fluorescent, showing a color change from colorless to dark yellow

visible to the naked eye and from fluorescent blue to light yellow when irradiated with 365 nm light.

The sensing mechanism has been supported by DFT and 1H NMR titration studies. The in situ generated

1–Hg2+ complex has been used for effectively sensing Cys. Owing to the stronger binding affinity of the

sulfhydryl group to Hg2+, Cys can extract Hg2+ from the 1–Hg2+ complex, resulting in the release of 1

and revival of the emission intensity. Sensor 1 has also been successfully applied for the detection of

Hg2+ in real water samples with good recovery. The alternate addition of Hg2+ and Cys ions generated

‘‘on–off–on’’ fluorescence cycles, which enabled 1 to be used as a reversible and reconfigurable set/

reset memorized device at the molecular level.

Introduction

Now-a-days, the quest to design sensitive and selective analytical
methods for the sensing of environmentally and biologically
associated heavy and transition metal ions is attracting a consider-
able amount of attention.1,2 In the field of chemo- and biosensors,
the construction of selective chemosensors has emerged as an
important research area.3,4 Metal ions play harmful and/or vital
roles in both biological and environmental processes, the roles
being strictly regulated by their respective concentration levels.
Metal ions show extremes in either being beneficial or toxic if
present in the requisite or an uncontrolled amount, respectively.5

For instance, the most deleterious heavy metal element, mercury,
poses threats to the environment by accumulating due to its non-
degradable nature and causes many health problems in the brain,
the kidneys and the central nervous system.6,7 In addition, the
existence of mercury in different forms like metallic, ionic and as a
part of organic salts and complexes further enhances the problem.
Due to the lipid solubility and easy absorptivity of methylmercury
species, they are the most toxic species and can lead to prenatal
brain damage, various cognitive and motion disorders, vision and

hearing impairment and Minamata disease.8 On the other hand,
cysteine (Cys), one of the thiol containing amino acids, plays
a pivotal role in many biological processes such as redox
reactions and cellular detoxification.9,10 The intracellular level
of cysteine (Cys) has been linked to lots of diseases, such as
Alzheimer’s disease, AIDS and cancers.11–13 Thus, effective
analytical approaches aimed at simultaneous monitoring of cellular
free Hg2+ ion and cysteine (Cys) are desirable to elucidate their
behavior in healthy and disease status.14

Amongst various types of chemosensors, fluorescent sensors
are more advantageous, as with the fluorescence technique, no
reference is required and the analyte can be easily reused.
Further, the instrumentation is very easy and it enables a faster
response time.15,16 Recently, excited-state intramolecular proton
transfer (ESIPT) has emerged as a renowned photophysical process
responsible for unusually large Stokes shifts in benzazole
derivatives. The main characteristic of an ESIPT-based chemo-
sensor is the formation of an intramolecular hydrogen bond in
the ground state with the adjacent hydrogen-bond acceptor17

and this phenomenon has been employed for the formation
of new probes.18–21

Photonic driven systems and networks that function as
molecular level logic gates are the successful outcomes of the
development of supramolecular chemistry.22–24 With the devel-
opment of molecular logic gates25,26 and their integration into
working automation27 and arithmetic systems,28,29 chemists
have come closer to the realization of a molecular scale
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calculator i.e. moleculator. These molecular logic gates operate
in a wireless mode and thus they have the potential for
computation on a nanometer scale that silicon-based devices
cannot address.30

In the present work, as an outcome of excited state intra-
molecular proton transfer (ESIPT), cascade recognition of Hg2+

and Cys has been demonstrated in a 9 : 1 (v/v) aqueous CH3CN
(pH 7.0 HEPES buffer) solution. Here, the secondary analyte
(Cys) is sensed and detected by the cooperative interaction of
sensor molecule 1 and the primary analyte (Hg2+). Also, alter-
nate addition of Cu2+ and CN� ions resulted in reversible and
reproducible ‘‘on–off–on’’ cycles and enabled 1 to exhibit ‘read–
erase–write–read’ behavior at the molecular level. Earlier, we
have shown that a similar imidazole possessing chemosensor
devoid of the o-OH group responsible for ESIPT phenomenon
showed optical changes with only Cu2+ ions.31

Results and discussion
Synthesis of chemosensor 1

The synthesis of chemosensor 1 is depicted in Scheme 1. Chemo-
sensor 1 was synthesized by refluxing benzil, 2-hydroxy-1-
naphthaldehyde and ammonium acetate in hot glacial acetic acid.

Chemosensor 1 was obtained in quantitative yield and charac-
terized by several techniques such as 1H NMR, 13C NMR and HRMS
spectroscopy (Fig. S1–S3, ESI†). The spectral investigations gave
consistent data for the structure of 1.

Colorimetric and UV-vis spectral response

In order to evaluate the sensing performance towards miscellaneous
metal ions including Na+, K+, Mg2+, Al3+, Mn2+, Fe2+, Co2+, Ni2+,
Cu2+, Zn2+, Hg2+ and Cd2+ ions, the naked-eye experiment (Fig. 1a)
and UV-vis absorption spectroscopy analysis (Fig. 1b) of chemo-
sensor 1 (5 mM) in a 9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES
buffer) were performed. A remarkable color change from colorless
to dark yellow color was observed with addition of only Hg2+ ions. In
addition, the absorption spectral response of 1 was also studied
upon addition of 100 equiv. of the above mentioned metal ions in
9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES buffer). The UV-vis
spectrum of sensor 1 shows two peaks at 308 nm and 356 nm.
With the addition of Hg2+ ions, a broad new band was observed
at 430 nm pointing to the binding of Hg2+ with sensor 1. The
addition of other metal ions except Hg2+ did not show any color
or absorption changes (Fig. 1b). So sensor 1 was a selective and
sensitive sensor probe for Hg2+ ions. However, the increased
absorbance due to the Cu2+ ions below 300 nm was due to its

own absorbance in this region and for the same reason, any
actual changes observed with the Cu2+ ions cannot be identified
and measured.

Based on UV-vis spectrophotometric titrations, the sensing
properties of chemosensor 1 (5 mM) were examined by adding
Hg2+ to the 9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES buffer)
solution of 1. Upon incremental addition of Hg2+ ions, a new
absorption band started forming at 430 nm, resulting in a color
change to dark yellow (Fig. S4, ESI†). The spectral fitting of the
absorption titration data using SPECFIT showed the formation of a
1 : 1 stoichiometry with logb11 = 4.24 � 0.0082. However, below
300 nm, the increased absorbance is due to the inherent absor-
bance of Hg2+ in this region and due to the same reason, any actual
changes observed with Hg2+ ions were identified at 430 nm only.

Fluorescence emission spectral response

Sensor 1 exhibits a strong emission at 454 nm (lex: 350 nm) due
to the presence of the intramolecular conjugated system and
the presence of an excited state intramolecular proton transfer
(ESIPT) induced by the ‘‘keto–enol tautomerism’’ of 1. The
photonics of 1 was further explored with the addition of other
metal ions viz. Na+, K+, Mg2+, Al3+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+,
Zn2+, Hg2+ and Cd2+ ions. Among the various anions and metal
ions investigated, addition of Hg2+, Al3+ and Cu2+ ions to the
solution of 1 (5 mM; 9 : 1 (v/v) aqueous CH3CN; pH 7.0 HEPES
buffer) quenched its fluorescence intensity (Fig. 2a). This fluores-
cence quenching was accompanied by a color change from dark
fluorescent blue to light yellow color, when irradiated with light of
wavelength 365 nm (Fig. 2b). The other tested metal ions exhibited
no fluorescence quenching response under the same spectroscopic
conditions (Fig. 2a).Scheme 1 Synthesis of chemosensor 1.

Fig. 1 (a) Colorimetric analysis and (b) UV-vis spectral response of 1 in
9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES buffer) upon addition of 100 equiv.
of different metal ions.
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The interactions between 1 and Mn+ (Hg2+, Cu2+ and Al3+)
were further investigated through fluorescence titration methods
by adding standard solutions of the corresponding ions to a
solution of sensor molecule 1 (5 mM). As depicted in Fig. 2, upon
gradual addition of Hg2+, the fluorescence intensity started quench-
ing steadily with a negligible spectral shift (Fig. 3). The fluorescence
quenching of the probe upon complexation with Hg2+ may be
attributed to the heavy atom effect followed by the electron transfer.

The detection limit was calculated using equation LOD = 3s/r 32

and was estimated to be 3.2 mM. The spectral fitting of the
fluorescence titration data using SPECFIT showed the formation

of 1 : 1 (1 : Hg2+) stoichiometry with logb11 = 4.14� 0.0009 (Fig. S5,
ESI†). This binding constant is comparable to the one calculated
via UV-vis titration.

Similar fluorescence quenching was observed with addition
of Cu2+ and Al3+ ions (Fig. S6, ESI†). The spectral fitting of the
fluorescence titration data for the Cu2+ and Al3+ ions using
SPECFIT showed the formation of a 1 : 1 stoichiometry in both
the cases with log b11 = 5.36 � 0.06 and 5.41 � 0.07, respectively
(Fig. S7, ESI†).

From the changes in the Cu2+ or Al3+ dependent fluores-
cence intensity, the detection limit was estimated to be 2.9 mM
and 4.3 mM, respectively.

Effect of pH

In order to test the application extent of 1 as a sensor, the
influence of pH on 1 as well as 1–Hg2+ complex was evaluated in
9 : 1 (v/v) aqueous acetonitrile via both UV-vis and fluorescence
titrations. The absorbance of 1 and its Hg2+ complex remained,
by and large, unaffected between pH 5.0 and 8.5 (Fig. S8, ESI†).
Significantly, upon increasing the pH from 7.0, the increase in
the absorption intensity was observed, attributed to the forma-
tion of a phenoxide ion at basic pH. In the fluorescence spectra,
both sensor 1 and the 1–Hg2+ complex themselves are quite
stable in the pH range of 6.0–8.5. At lower pH values (2–5), the
quenching of the fluorescence intensity was observed along
with the addition of the acid. This quenching of fluorescence
could be attributed to the protonation of the –NH and –OH
functionalities of sensor 1. In the basic medium, the fluores-
cence intensity remains, by and large, the same, although it
increased to a small extent beyond pH 10.0 (Fig. S9, ESI†).

1H NMR titration

To explore the nature of interactions between sensor 1 and Hg2+

ions, a 1H NMR titration experiment was performed (Fig. 4).
With the addition of just 0.05 equiv. of Hg2+ ions, the signal of
free sensor 1 at d 12.02 ppm due to –OH firstly broadened and
then vanished at 0.35 equiv. without displaying any downfield
shift; while the naphthyl doublet at d 8.21 ppm and the aryl
triplet at d 7.91 ppm (corresponding to Ha and Hb) being closer
to more basic imidazolyl–N and OH broadened and finally
merged into a single peak at d 8.01 ppm. These changes
indicated the formation of a supramolecular complex followed
by deprotonation between receptor 1 and a Hg2+ ion. Before the
addition of Hg2+ ions, the Ha and Hb protons of naphthyl and
aryl, respectively, were in the same environment and hence
exhibited two separate peaks, whereas upon adding Hg2+ ions,
the protons closer to –N and OH got involved in the interaction
process and could not be resolved separately. Thus, they dis-
played a broad signal with higher added concentration of Hg2+

ions (0.35 equiv.).

DFT calculations

The SPECFIT calculations revealed the formation of a 1 : 1 stoichio-
metry between sensor 1 and the sensed cations (Hg2+, Cu2+ and
Al3+ ions). The computational studies of sensor 1 were done with
Hg2+ ions to figure out the structural features of the complex and to

Fig. 2 (a) Fluorescence spectral response and (b) fluorescence color
change of 1 in 9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES buffer) upon
addition of 100 equiv. of different metal ions.

Fig. 3 Fluorescence titration spectra of 1 (5 mM) in 9 : 1 (v/v) aqueous
CH3CN (pH 7.0 HEPES buffer) in the presence of various concentrations of
Hg2+ excited at 350 nm. Inset: Plot of the fluorescence intensity at 454 nm
versus the concentration of the added Hg2+ ions.
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support the proposed mechanism and the experimental results.
Chemosensor 1 and the 1–Hg2+ complex (1 : 1) were optimized by
the DFT method and in order to further understand the behaviour
of Hg2+ ions with chemosensor 1, DFT calculations were carried
out. The structural optimization of the keto and enol forms of
chemosensor 1 and its 1–Hg2+ complex was done using the
Gaussian 03 package using the exchange correlation function
B3LYP and the basis set 6-31G (d,p) for C, H, N and O atoms
and LANL2DZ for Hg atoms.33 The optimized structures of 1 and
its 1–Hg2+ complex are shown in Fig. S10 (ESI†). As can be seen in
Fig. S10a (ESI†), the distance between the H of the hydroxyl and N
in the enol form is 1.63 Å, satisfying the excited state intra-
molecular proton transfer (ESIPT) requirements.34 Moreover,
the Hg–O and Hg–N distances in the 1–Hg2+ optimized structure
(Fig. S10c, ESI†) are well within the sum of van der Waals radii of
the corresponding atoms (Hg 1.55–2.23 Å; O 1.52 Å; N 1.54 Å).35,36

The energy comparison diagram (Fig. 5) shows that, upon
complexation of 1 with Hg2+ ions, the calculated energy gap of
the HOMO and the LUMO decreased with respect to the free
chemosensor, indicating the formation of a stable complex.
In 1, only one Hg2+ ion binds to imidazole–N and naphthyl–OH
with simultaneous longer distance overlap between the orbitals
of the metal ion and the orbitals of the p-system of the naphthyl
fluorophore, justifying the experimental 1 : 1 stoichiometric
ratio. The electron density of the HOMO of 1 lies on the
electron withdrawing part of the respective ligands and for
the LUMO, the electron density lies on the electron donating
part. The contour plots of the HOMO after the addition of Hg2+

ions showed that the electron density is over the electron-
withdrawing part of chemosensor 1, however the electron
density of the LUMO was spread over both the electron donating
and electron withdrawing parts (Fig. 5).

Selective response of sensor 1 to cysteine (Cys)

In recent research studies, Hg2+ based complexes have been
exploited for the sensing of sulphur containing amino acids
because of their high affinity.37,38 To test the feasibility of this
strategy for the quantification of sulphur containing amino
acids i.e. cysteine (Cys), methionine (Met) and cystine (Cyst),
the in situ generated 1–Hg2+ complex was verified in the
presence of the mentioned amino acids viz. Cys, Met and Cyst.
As cystine (Cyst) becomes soluble in an acidic medium and
both 1 and 1–Hg2+ complexes are pH dependent at lower pH
values (below pH 5.0), actual fluorescence changes caused by
cystine could not be identified and measured. Upon addition of
cysteine to the solution of the in situ generated 1–Hg2+ complex,
the intensity of the emission band at 454 nm greatly increased;
while addition of methionine did not induce any obvious
change (Fig. 6a). As shown in Fig. 6b, the emission intensity
of 1–Hg2+ at 454 nm starts increasing steadily with the increase
in the Cys concentration, thus restoring the emission profile of
sensor 1 (Fig. 6b). The spectral fitting of the fluorescence
titration data of the in situ generated 1–Hg2+ complex for Cys
using SPECFIT showed the formation of a 1 : 1 stoichiometry
with log b11 = 5.11 � 0.19 (Fig. S11, ESI†). The LOD of the
1–Hg2+ complex for Cys was measured to be 1.3 mM. The
binding constant for the Hg2+–Cys complex is higher than that
of the 1–Hg2+ complex, so, the dissociation of 1–Hg2+ leads
to the enhancement of the fluorescence.39 Very recently, Zhang

Fig. 4 1H NMR titration of 1 (3.94 � 10�2 M) with incremental addition of
Hg2+ in DMSO-d6.

Fig. 5 DFT computed LUMO and HOMO diagrams of sensor 1 and sensor
1 with Hg2+ [sensor 1 is in its keto form in sensor 1; while it is in the enol
form in the 1 + Hg2+ complex as proposed in Scheme 2].
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and co-workers exploited a Cu2+ based complex for the selective
detection of Cys.40 In addition, as indicated in Fig. 2a, sensor 1
underwent fluorescence quenching upon addition of Cu2+.
So, the fluorescence changes in the 1–Cu2+ complex were checked
with gradual addition of Cys. But, only 20% recovery of Cu2+ was
observed with addition of Cys to the 1–Cu2+ complex (Fig. S12, ESI†).

As reversibility is an important aspect for a chemical sensor
to be widely used for the detection of specific analytes, the
reversibility of the fluorescence response of 1 was further
verified during three cycles of alternate addition of Hg2+ and
Cys to a solution of 1. The fluorescence emission of the tested
solutions showed alternating enhancement and quenching
emissions at 454 nm as shown in Fig. 7.

A plausible sensing model for chemosensor 1

Due to the presence of the hydroxyl unit as a functional group in
sensor molecule 1, the tautomerization process can be observed in
it, which leads to the existence of the ESIPT (excited state
intramolecular proton transfer) phenomenon within sensor 1.
The equilibrium between the two tautomeric forms i.e. the ‘‘keto’’
and ‘‘enol’’ forms is hampered in the presence of Hg2+ ions,
resulting in partial shifting of the equilibrium towards the ‘enol’
form and due to this fluorescence quenching was observed.20,21

Scheme 2 demonstrates the plausible sensing mechanism on the

basis of the SPECFIT calculations, DFT computational calculations
and 1H NMR titration studies. Here, the active participation of the
imidazole nitrogen and oxygen of the –OH group might be
contributing to cation binding corresponding to a 1 : 1 stoichio-
metry (Scheme 2).

Application in real samples

To investigate the reliability of the proposed chemosensor, 1,
various water samples like drinking water, tap water and river
water samples were collected for the estimation of Hg2+ concentra-
tions. All the suspended insoluble particles present in the collected
samples were removed with the help of a syringe-filter. To keep a
steady system at a given solvent ratio and pH, HEPES buffer was
added to maintain the pH at 7.0. Increasing concentrations of Hg2+

were added to these samples to obtain the spiked samples and
their absorption spectra were recorded. The concentration of Hg2+

was determined using the regression graphs of chemosensor 1
(5 mM) (Table 1). The obtained results are found to be in good
accord with the concentration of the Hg2+ ions in the system,
which displayed good recovery. Therefore, it reveals the effective-
ness of chemosensor 1 in the detection of Hg2+ in actual samples.

‘‘Set–reset’’ memorized device

Recently, the development of sequential logic devices based on
the conversion of chemically encoded information into optical

Fig. 6 (a) Fluorescence spectral response of 1 (5 mM) + 50 equiv. of Hg2+

upon addition of 100 equiv. of Cys and Met and (b) fluorescence titration
spectra of the 1–Hg2+ complex in the presence of various concentrations
of Cys excited at 350 nm in 9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES
buffer). Inset: Plot of the fluorescence intensity at 454 nm versus the
concentration of added Cys.

Fig. 7 Fluorescence spectra showing the reversible behavior between 1
(5 mM) and Hg2+ (50 equiv.) upon addition of Cys ions (50 equiv.).

Scheme 2 Proposed binding mechanism for chemosensor 1 with Hg2+ in
solution.
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(fluorescence/absorbance) signals has attracted tremendous
attention. Sequential circuits have the ability to store informa-
tion and usually operate through feedback loops, where one of
the outputs of the device functions as an input and is memorized
as a ‘‘memory element’’.41,42 We found that the ‘‘on–off–on’’

behaviour of sensor 1 observed here was reversible (Fig. 7). The
fluorescence emission of sensor 1 was repeatedly quenched and
regenerated by the sequential addition of Hg2+ and Cys. This
‘‘on–off–on’’ switching process could be repeated several times
with little fluorescence efficiency loss. Currently, reversible
switches are of immense significance due to their considerable
impact on the realm of information technology. By the use of
the current fluorescence ‘‘on–off–on’’ system, a sequential logic
circuit displaying a ‘‘Write–Read–Erase–Read’’ sequence in line
with binary logic functions was developed. In the present
molecular memory device, the two chemical inputs are
Hg2+ (In1) and Cys (In2). The truth table (Fig. 8C) represents
‘‘set/reset flip-flop’’ corresponding to the memory device, as
shown in Fig. 8A, where different output values were observed
at 454 nm upon sequential addition of Hg2+ and Cys. The
system is in a ‘write’ (off) state in the presence of Hg2+ (In1) and
memorized as a ‘1’ binary set. This ‘‘off’’ written information
could be erased by the second Input (In2, Cys) (‘erase’ state)
because of the regeneration of the fluorescence emission,
which is memorized as a ‘0’ binary set. This reversible fluori-
metric switching between the ‘‘off’’ and ‘‘on’’ emission states in
the feedback loop enabled sensor 1 to display ‘‘read–erase–
write–read’’ behavior through the output signal at 454 nm with
the help of reversible logic operations (Fig. 8B).

Conclusions

In summary, we have successfully developed a naphthalene-
based ESIPT fluorescent chemosensor (1) for the detection of
Hg2+ in 9 : 1 (v/v) aqueous CH3CN (pH 7.0 HEPES buffer).
Addition of Hg2+ to sensor 1 shows large fluorescence quench-
ing, which was recovered by using cysteine. Job’s plot, DFT
calculations and 1H NMR studies confirmed the 1 : 1 stoichiometry
as well as the sensing mechanism. This reversible detection
monitoring process can be cycled multiple times. The sensor
was successfully used to determine Hg2+ ions in real water
samples. In addition, using Hg2+ and Cys as chemical inputs
and observing fluorescence changes as the output signal at
454 nm, the reversible sequences of set/reset logic operations in
a feedback loop demonstrated the ‘‘read–erase–write–read’’
memory functions in sensor 1 at the molecular level.

Experimental
Materials and methods

Benzil, 2-hydroxy-1-naphthaldehyde, cysteine and methionine
amino acids and perchlorate salts of various metal ions were
purchased from Aldrich. All other chemicals were used as
received without further purification. Acetonitrile (CH3CN)
was of HPLC grade. Melting points were determined in capillary
tubes and are uncorrected. 1H and 13C NMR spectra were
recorded on BRUKER AVANCE 400 and 100 MHz instruments
using tetramethylsilane as an internal standard. Various metal
ions such as Na+, K+, Mg2+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+,
Hg2+ and Cd2+ were added as their perchlorate salts for UV-vis

Table 1 recovery study of Hg2+ in drinking water, tap water and river
water samples with 1 (5 mM)

Sample
Hg2+ added/
mol L�1

Hg2+ found/
mol L�1

Recovery
(%)

RSD
(%)

Drinking
water

0 Not detected — —
5.00 � 10�6 4.89 � 10�6 97.8 0.86
10.00 � 10�6 9.78 � 10�6 97.8 0.45
15.00 � 10�6 14.90 � 10�6 99.33 0.31
40.00 � 10�6 39.70 � 10�6 99.25 0.42
60.00 � 10�6 59.42 � 10�6 99.03 0.36

Tap
water

0 Not detected — —
5.00 � 10�6 4.45 � 10�6 89 1.7
10.00 � 10�6 9.36 � 10�6 93.6 2.2
15.00 � 10�6 15.20 � 10�6 101.3 0.4
40.00 � 10�6 39.97 � 10�6 99.92 0.08
60.00 � 10�6 58.99 � 10�6 98.31 0.63

River
water

0 Not detected — —
5.00 � 10�6 5.20 � 10�6 104 1.2
10.00 � 10�6 9.94 � 10�6 99.4 1.1
15.00 � 10�6 15.30 � 10�6 102 1.1
40.00 � 10�6 40.20 � 10�6 100.5 0.3
60.00 � 10�6 59.99 � 10�6 99.98 0.2

Fig. 8 (A) Logic symbol; (B) schematic representation and (C) truth table
of the reversible logic operations for the memory element possessing
‘‘write–read–erase–read’’ functions.
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and fluorescence experiments. Aliquots of the metal ions
and amino acids under investigation were then injected into
the sample solution through a rubber septum in the cap.
The solutions were allowed to stabilize after each addition
and were then scanned.

General procedure for UV-vis and fluorescence experiments

UV-vis and fluorescence titrations were conducted on a 5 mM
solution of 1 in a 9 : 1 (v/v) aqueous acetonitrile (pH 7.0 HEPES
buffer) solution. All the UV-vis experiments were carried out on
a Shimadzu UV-240 spectrophotometer; while fluorescence
spectra were recorded using a HITACHI-7000 spectrophoto-
meter equipped with a 220–240 V Xe lamp with a quartz cell
of 1 cm width and 3.5 cm height. The excitation was carried out
at 350 nm for sensor 1 with 5 nm excitation and emission
slit widths in a fluorometer. The stock solution of sensor 1
(1 � 10�2 M) was prepared in DMSO and was diluted with an
aqueous CH3CN (v/v 9 : 1; pH = 7.0) solution for further different
spectroscopic experiments. All absorption scans were saved as
ACS II files and further processed in Excel(tm) to produce all
graphs shown.

General procedure for 1H NMR experiments

For 1H NMR titrations, two stock solutions were prepared
in DMSO-d6, one of them containing the host (1 of 3.94 �
10�2 M conc.) only and the other containing an appropriate
concentration of the guest (Hg2+). Aliquots of the two solu-
tions were mixed directly in NMR tubes, which then were
diluted to 0.5 mL with DMSO-d6 if required.

General procedure for SPECFIT calculations

The spectral data obtained by UV-Vis or fluorescence titration
of the molecular probes with the analytes (Hg2+, Cu2+, Al3+ and
cysteine) were analysed for their stoichiometries and binding
constant using SPECFIT programme version 3.0.36. The programme
was written by Robert A. Binstead, Andreas D. Zuberbuhler and
Bernhard Jung and was available commercially. The programme
performs global analysis of equilibrium and kinetic systems
with a singular value of decomposition and nonlinear-
regression modelling by the Levenberg–Marquardt method.
The programme simulates the absorption or fluorescence data
obtained experimentally. The spectra obtained using the UV-Vis
and fluorescence machines were converted to an ASCII file and
were transferred to MS-Excel spread sheets. These spread
sheets were converted to a text file. The file was imported into
SPECFIT/32 software and the data were simulated using different
stoichiometric models. The stoichiometry of the species formed,
distribution of the species and their association constants were
determined through a fit model.

Synthesis of 1-(4,5-diphenyl-1H-imidazol-2-yl)-naphthalen-2-ol (1)

Benzil (1 g, 4.75 mmol) and ammonium acetate (10.56 g,
4.75 mmol) were dissolved in 10 mL of hot glacial acetic acid.
To this mixture, a solution of 2-hydroxy-1-naphthaldehyde
(0.5044 mL, 4.75 mmol) in 10 mL of glacial acetic acid was
added dropwise. The mixture was heated at 90 1C for 4 h and

the progress of the reaction was monitored by TLC. After the
completion of the reaction, the reaction mixture was poured
into 200 mL of water. The solution was neutralized with
ammonium hydroxide to pH = 7 and was then cooled to room
temperature. The contents were filtered to yield crude precipitates,
which were then washed with large portions of water. Recrystalli-
zation of the crude product from a mixture of methanol and
chloroform resulted in the formation of a pure product (1). Light
yellow solid; 82% yield; m.p. (1C) 186; FT-IR (neat, n cm�1): 3238
(O–Hstr.), 3019 (Ar-Hstr.), 1583 (Ar-CQCstr.), 1617 (–CQNstr.), 1234
(–C–Nstr.);

1H NMR (400 MHz, DMSO-d6, ppm): 12.02 (brs, 2H,
–NH, –OH), 8.21 (d, 1H, Ar-H, J = 8 Hz), 7.88 (d, 1H, Ar-H, J =
8.2 Hz), 7.91 (d, 1H, Ar-H, J= 8.3 Hz), 7.59 (d, 4H, Ar-H), 7.50
(td, J = 8 Hz, 1H, Ar-H), 7.41–7.29 (m, 8H, Ar-H); 13C NMR
(100 MHz, DMSO-d6, ppm): 154.5, 142.9, 132.2, 130.6, 128.4, 128.1,
127.9, 127.6, 127.1, 126.9, 124.4, 123.0, 118.3, 109.1; HRMS: m/z
(relative abundance (%), assignment) = 363.15 [100, (M + 1)+].
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