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Abstract: 

2-Formyl-4-methyl-6-(2-benzoimidazolyliminomethyl)phenol (HL1) has been 

synthesized by Schiff-base condensation between 4-methyl-2,6-diformylphenol and 2-

aminobenzimidazole in 1:1 ratio in acetonitrile and characterized by elemental analysis and 

different spectroscopic methods. HL1 has been found to be selective fluorescence sensor for Zn2+ 

ion. Emission intensity of HL1 at 528 nm in 10 mM HEPES buffer in water:methanol (1:9, v/v) 

(pH = 7.2) increases in the presence of Zn2+ when it is excited at 445 nm. Other metal ions can 

induce slight increment or lowering of emission intensity. Spectral properties of HL1 and 2-

formyl-4-methyl-6-(2-benzoimidazolylmethyliminomethyl)phenol (HL2) have been compared. It 

has been found that the presence of methylene group in HL2 can significantly effect on 

absorption and fluorescence peak positions of the Schiff-base molecule and its zinc complex. 

Some theoretical calculations have been done to get a better view into the different spectral 

transitions. HL1 and HL2 have been found to be highly sensitive towards the detection of Zn2+ 

ion with very low LOD values. Excitation in visible region and effect of pH on emission 

intensity of HL1 encourage us for the biological study. HL1 has been used for human lung cancer 

cell (A549) imaging without cytotoxicity.   
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Introduction  

Zinc is one of the most abundant metal ions in our body system. Research on Zn2+ ion has 

become hotspot in chemical sciences as well as in biological sciences because of biological 

relevance of the metal ion. It is essential component of many enzymes. It plays a significant role 

in maintaining key structure of gene transcription protein e.g. zinc finger protein.1,2 Besides, it 

regulates neuronal transmission in excitatory nerve terminal,3 and suppresses apoptosis,4 

epilepsy5 and transient global ischemia.6 Moreover, it induces amyloid formation which is 

reported to be one of the key factors related to the Alzheimer's disease.7 Zn2+ ion is nontoxic in 

nature. However, considerable amount of it within human body may lead to severe toxicity. So 

detection and determination of Zn2+ is very important from medical point of view. Vesicles in 

synapse in excitatory nerve terminals are rich with high concentration of chelatable Zn2+, which 

is discharged due to neuronal activity.8 Although it is recognized that the metal ion has many key 

cellular functions but its physiological importance is not still completely understood. On the 

other hand, zinc is a pollutant metal which decreases activity of the soil microbes.9,10 This metal 

ion is a common contaminant in agriculture and food waste. It's inclusion in food chain and 

consequent human consumption can give rise to a number of diseases, e.g. pulmonary 

manifestation, fever and gastroenteritis.11     

Thus, highly efficient and selective tools for detection and measurement of Zn2+ ion 

become essential. Several analytical techniques such as UV–Vis spectroscopy, potentiometry and 

flame atomic absorption spectrometry, inductivity coupled plasma atomic emission spectroscopy 

(ICPAES) and fluorescence method have been applied for zinc ion assay in various samples. The 

available detection methods of Zn2+ are still limited. However, due to its d10 electronic 

configuration of Zn2+, fluorescence spectroscopy becomes only method to detect and measure 

Zn2+ ion.   

Up to now, most available probes detect Zn2+ via measuring the metal-induced changes in 

fluorescence intensity based on photo-induced electron transfer (PET). Quinolines and their 

derivatives have been used traditionally as fluorogenic agents for the chemical assay of Zn2+.12 It 

is regarded as a milestone in the development of fluorescent probes for biological Zn2+ when 6-

methoxy-8-p-toluenesulfonamido-quinoline (TSQ)13 was first applied for imaging Zn2+ in vitro 

in 1987. A significant amount of research work on the development of fluorescein based 

fluorescence sensor for Zn2+ has been reported so far.14-17 Different fluorescence sensors based 
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on coumarin, rhodamine, etc. for Zn2+ are being reported till now.18-25 These sensor molecules 

have successfully applied for cell imaging studies. A fluorescence sensor based on another 

fluorophore, namely, 4-methyl-2,6-diformylphenol (DFP) for Zn2+ was reported quite few years 

back.26 After that some other groups have also reported sensors based on (DFP).27,28 Recently, 

half-condensed Schiff-base molecule of DFP has been used for detection of Zn2+ and Mg2+.29 

The sensing mechanism is due to the combined effect of inhibition of excited state 

intramolecular proton transfer (ESIPT), CH=N isomerization and chelation enhanced 

fluorescence (CHEF). A recently published research article shows that a Schiff-base compound 

derived from salicylaldehyde acts as ratiometric sensor for Zn2+ and Al3+. A Schiff-base 

molecule of pyridoxal has been used for the detection of Zn2+ ion. The mechanism of the probe 

for Zn2+ is due to combined effects of C=N isomerization and CHEF.30 A multi-metal 

colorimetric and fluorescent sensor based on Schiff base of salicylaldehyde derivative has been 

developed where probe can detect Zn2+ by fluorescence spectrometry and few others metal ion 

along with Zn2+ by colorometric method.31 An amino acid Schiff base based on isomerization of 

C=N is capable of recognizing Zn2+ ions selectively and sensitively in aqueous medium.32 But all 

of these reports of different Schiff-bases based Zn2+ sensors possess some limitations e.g. low 

excitation wavelength, unknown limit of detection etc. There is scope of improvement of 

selectivity and sensitivity for Zn2+ ion by Schiff-base molecules with DFP.  

In this context, we report here a new Schiff-base compound, 2-formyl-4-methyl-6-(2-

benzoimidazolyliminomethyl)phenol (HL1), derived from 4-methyl-2,6-diformylphenol as a 

fluorescence Zn2+ sensor (Scheme 1). HL1 was prepared by Schiff-base condensation between 4-

methyl-2,6-diformylphenol and 2-aminobenzimidazole in 1:1 ratio in acetonitrile. It was 

characterized by elemental analysis and different spectroscopic methods. It shows about 8 times 

increment in emission intensity in the presence of one equivalence of Zn2+ ion when it is excited 

at 445 nm. Cd2+ and Hg2+ induce slight increase in emission intensity whereas all other relevant 

metal ions either decreased or unchanged intensity. To examine effect of methylene group on the 

fluorescence sensing properties of HL1, we have introduced one methylene group to get another 

Schiff-base, 2-formyl-4-methyl-6-(2-benzoimidazolylmethyliminomethyl)phenol (HL2). 

Comparison of spectral properties and some theoretical calculations on both the compounds are 

also reported here. LOD of the Schiff-base molecules has been determined. HL1 has been used to 

image human lung cancer cell without any cytotoxicity.  
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Scheme 1: Synthetic route to HL1 and HL2: (i) = acetonitrile, reflux 4 h. 

 

Experimental Sections  

Materials and methods  

2-aminobenzimidazole, 2-aminomethylbenzoimidazole and HEPES, sodium salt were 

purchased from Sigma Aldrich and used as received. Other reagents were purchased from 
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commercial source and used without further purification. 4-methyl-2,6-diformylphenol was 

synthesized following a published procedure.33 Solvents used for spectroscopic studies were 

purified and dried by standard procedures before use.34   Elemental analysis was carried out in a 

2400 Series-II CHN analyzer, Perkin Elmer, USA. FT-IR spectra were recorded on a Perkin 

Elmer spectrometer (Spectrum Two) with the samples by attenuated total reflectance (ATR) 

technique. Absorption spectra were studied on a Shimadzu UV 2100 spectrophotometer. 

Emission spectra were recorded on PTI made fluorescence spectrometer (Model no. QM-40). 

The ESI-MS+ spectra were recorded on a QTOF Micro YA263 mass spectrometer. NMR spectra 

of the compounds were recorded on either Bruker 500 MHz spectrometer or Bruker 300 MHz 

spectrometer using DMSO-d6 as solvent. Luminescence lifetime measurements were performed 

using a TCSPSC (time-correlated single photon counting) set up from Horiba Jobin-Yvon. The 

luminescence decay data were recorded on a Hamamatsu MCP photomultiplier (R3809) and 

were analyzed using the IBH DAS6 software.  

Emission quantum yields (Ф) of HL and its Zn2+ complex were measured by using the 

formula: 

 Φsample = {(ODstandard × Asample × η
2

sample)/(ODsample× Astandard × η2
standard)} × Φstandard 

where A is the area under the emission spectral curve, OD is optical density of the compound at 

the excitation wavelength and η is the refractive index of the solvent, quantum yield of standard 

(here fluorescein.) is 0.91 (λex = 470 nm).35  

A549, human lung cancer cell lines were obtained from National Center for Cell Science, 

Pune, India, and used throughout the experiments. Cells were cultured in DMEM (Himedia) 

supplemented with 10% FBS (Himedia), and an  antibiotic mixture (1%) containing PSN 

(Himedia) at 37ºC in a humidified incubator with 5% CO2 and cells were grown to 80-90% 

confluence, harvested with 0.025% trypsin (Himedia) and in phosphate-buffered saline (PBS), 

plated at the desired cell concentration and allowed to grow overnight before any treatment.  

 

Synthesis of 2-formyl-4-methyl-6-(2-benzoimidazolyliminomethyl)phenol (HL1) and 2-

formyl-4-methyl-6-(2-benzoimidazolylmethyliminomethyl)phenol (HL2)  

HL1 and HL2 were synthesized following a similar procedure. In general, 0.082 g (0.50 

mmol) of 4-methyl-2,6-diformylphenol in 5 mL of acetonitrile was added to 0.50 mmol 

respective amine  (0.066 g of 2-aminobenzoimidazole for HL1 and 0.073 g of 2-
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aminomethylbenzoimidazole for HL2) in 5 mL of acetonitrile taken in a round bottom flask. The 

solution was stirred for 15 min and then allowed to reflux for 4 h. The reaction mixture was 

cooled to room temperature. The solution was allowed to stand overnight at room temperature 

when solid product was precipitated.  The product was collected by filtration, washed with small 

amount of acetonitrile and dried in vacuum.  

Data for HL1: Yield (85%); C, H, N analysis: Anal. Calc. for C16H13N3O2: C, 68.81; H, 

4.70; N, 15.04; Found: C, 68.74; H, 4.57; N, 14.98%. ESI-MS+ (m/z): 280.12 (HL1 + H+); FT-IR 

(Wave number, cm-1) 3166, 1658, 1585, 1431, 1235, 972, 733 (Figure 2); 1H-NMR (in DMSO-

d6) (d, ppm): 2.34 (s, 3H), 7.19–7.23 (m, 2H), 7.50-7.60 (m, 2H), 7.74 (s, 1H), 7.99 (s, 1H), 9.65 

(s, 1H); 10.41 (s, 1H); 12.87 (s, 1H). 

Data for HL2: Yield (94%); C, H, N analysis: Anal. Calc. for C16H13N3O2: C, 69.61; H, 

5.15; N, 14.33; Found: C, 69.51; H, 5.06; N, 14.38%. ESI-MS+ (m/z): 294.11 (HL2 + H+); 1H-

NMR (in DMSO-d6) (d, ppm): 2.34 (s, 3H), 4.52 (s, 2H), 7.22–7.28 (m, 2H), 7.62-7.72 (m, 2H), 

7.88 (s, 1H), 8.14 (s, 1H), 9.82 (s, 1H), 10.54 (s, 1H), 13.02 (s, 1H).    

 

Computational details 

DFT calculations on HL1, HL2 and their Zn2+ complexes (complexes 1 and 2) were fully 

optimized using Gaussian 03 program.36 The B3LYP functional has been adopted along with the 

6-31G basis set for H, C, N, O atoms and LANL2DZ effective core potentials and basis set for 

the Zn atom. The global minima of all these species were authenticated by the positive 

vibrational frequencies. Time dependent density functional theory (TDDFT) with B3LYP 

density functional was applied to study the low-lying excited states of the complex in 

methanol.37-40 The UV spectra were computed from TDDFT calculations in methanol. 

  

Cell imaging study 

A549 cells were cultured and cells were rinsed with PBS and incubated with DMEM 

containing HL1 making the final concentration up to 10 μM in DMEM [the stock solution (3 

mM) was prepared by dissolving HL1 into DMSO] for 30 min at 37ºC. After incubation, bright 

field and fluorescence images of A549 cells were captured by a fluorescence microscope 

(Model: LEICA DM4000B, Germany) with an objective lens of 20X magnification. Similarly, 

fluorescence images of A549 cells (pre-incubated with 10 μM of HL1) were taken with addition 
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of different concentrations (10µM-50µM) of zinc nitrate salt at 10 minute interval. A merged 

image between phase contrast and fluorescent images at 50µM salt concentration were taken and 

consequently fluorescence images were taken after further addition of TPEN (100µM). 

 

Cell cytotoxicity assay:   

In order to test the cytotoxicity of HL1 in absence and in the presence of Zn2+, 3-(4, 5-

dimethylthiazol-2-yl)-2,S-diphenyltetrazolium bromide (MTT) assay was done in A549 cells 

according to standard procedure.41 Briefly, after treatment of A549 cells (103 cells in each well 

of 96-well plate) with HL1 (1, 10, 20, 50 and 100 μM) for 6 h, 10 μl of a MTT solution (1 mg/ml 

in PBS) was added in each well and incubated at 37ºC continuously for 3 h. All media were 

removed from wells and 100 μl of acidic isopropyl alcohol was added into each well. The 

intracellular formazan crystals (blue-violet) formed were solubilized with 0.04 N acidic 

isopropyl alcohol and absorbance of the solution was measured at 595 nm wavelength with a 

microplate reader (Model: THERMO MULTI SCAN EX). The cell viability was expressed as 

the optical density ratio of the treatment to control. Values are mean ± standard deviation of 

three independent experiments. The cell cytotoxicity was calculated as % cell cytotoxicity = 

100% - % cell viability. 

 

Results and discussion 

Synthesis and characterization  

 HL1 and HL2 were synthesized by following similar procedure (Scheme 1). The 

compounds were synthesized by the condensation of 1 equiv. of 4-methyl-2,6-diformylphenol 

with 1 equiv. of respective amine (2-aminobenzoimidazole for HL1 and 2-

aminomethylbenzoimidazole for HL2) in acetonitrile. One of two CHO groups of 4-methyl-2,6-

diformylphenol reacts with the amine. The product was collected as solid in good yield. It was 

characterized by elemental analysis and different spectroscopic methods. Mass spectra of both 

the compounds were recorded methanol (Fig. s1 and s2). Mass spectrum of HL1 shows an m/z 

peak at 280.12 which can be attributed to the presence of the compound. Similarly, mass 

spectrum of HL2 exhibits peak at 294.11. HL1 and HL2 form complexes with Zn2+ in 1:1 ratio 

(Fig. s3 and s4) and designated as complex 1 {[Zn(L1)(CH3OH)(H2O)]+} and complex 2 

{[Zn(L2)(CH3OH)(H2O)]+}, respectively. Characterization of Schiff-base molecules has been 
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done with 1H NMR spectroscopy. Details for HL1 have discussed later whereas 1H NMR 

spectrum of HL2 shows the signals for the presence of –CHO and methylene protons (Fig. s5). 

Presence of one formyl group is evident from FT-IR spectra of HL1 and HL2 (Fig. s6 and s7). 

FT-IR spectrum of HL1 shows a broad band at around 3169 cm-1 due to the presence of phenolic 

OH group. The sharp bands at 1663 cm-1 may be attributed to the presence of CHO group 

whereas bands at 1624 and 1582 cm-1 may be attributed to C=N moieties. FT-IR spectrum of HL2 

shows similar bands. IR spectrum of it exhibits bands at 3190 (br, for phenolic OH), 1662 (for 

CHO), 1636 and 1597 cm-1 (for azomethine).   

 Main focus will be on the spectral properties and selective Zn2+ sensing behavior of HL1. 

Discussion on HL2 has been made when properties of HL1 and HL2 are being compared.  

 

Absorption spectral studies  

The mode of interaction of HL1 with Zn2+ was investigated by spectrophotometric 

titration in 10 mM HEPES buffer in water:methanol (1:9, v/v) (pH = 7.2) at 25°C (Fig. 1). It 

shows a peak at 387 nm. Upon gradual addition of Zn2+ ion, the intensity at 387 nm decreases 

and at the same time a new peak at around 445 nm emerges. It can be seen from the figure that 

upon addition of about one equivalence of Zn2+, the intensity at 387 nm decreases significantly 

with a prominent peak at 445 nm. During addition of Zn2+ isosbestic points develop at 320 and 

416 nm. The new absorption band indicates the binding of HL1 with Zn2+ ion. The donor atoms 

in the Schiff-base binds to Zn2+ to form a chelate ring, as a result the conjugation in the system is 

extended resulting the new absorption in the longer wavelength.42 The intensity of peak at 250 

nm also decreases with the increase in metal concentration. Another two isosbestic points have 

been generated at 242 and 260 nm. All of these phenomena show transformation of free Schiff-

base ligand into Zn(II)‒Schiff-base complex. 
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Fig. 1: (a) Absorption spectra of HL1 (40 μM) with the gradual addition of Zn2+ ion (0-40 μM) in 

10 mM HEPES buffer in water:methanol (1:9, v/v) (pH = 7.2)  at room temperature; (b) Job’s 

plot indicating 1:1 complex formation and (c) Plot of absorption at 445 nm vs. concentration of 

Zn2+.  

 

Similar observation of UV-vis spectrum of HL2 in the presence of Zn2+ has been noticed 

(Fig. s8). Interaction of HL2 with Zn2+ has been investigated in 10 mM HEPES buffer in 

water:methanol (1:9, v/v) (pH = 7.2) at 25°C (Fig. s8).UV-vis spectrum of HL2 shows band at 

342 nm. On gradual addition Zn2+ ion to it, intensity at 342 decreases while a new peak at 398 

nm appears. An isosbestic point at 360 nm has been noticed.  

It is interesting to note that the presence of methylene group has a visible effect on UV-

visible spectrum of the Schiff-base compound. Absorption band of HL1 at 387 nm has shifted to 

342 nm in HL2 due to the mere presence of one methylene group. Actually, the presence of 

methylene group in HL2 destroys the conjugation present in benzimidazole and phenyl rings of 

HL1. The effect is also evident in absorption spectrum of HL1 in the presence of Zn2+. In the 

presence of Zn2+, HL1 and HL2 show bands at 445 and 398 nm respectively.  
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Job’s plot analysis indicates 1:1 binding of Zn2+ with both the ligands separately. 1:1 

binding of Zn2+ with both the ligands is well supported by the mass spectra analysis (Fig. 1 and 

Fig. s8). 

The geometries of the Schiff-base ligands HL1 and HL2, and complexes 1and 2 were fully 

optimized by DFT/B3LYP method using the Gaussian 03 program. The experimental data and 

our calculated structural parameters are quite similar. Geometry optimized structures of all the 

compounds are given in Fig. 2. Some selected optimized geometrical parameters of complexes 1 

and 2 are listed in Table s1. The modeled geometry of complex 1 and complex 2 possess a 

distorted tetrahedral arrangement around the central metal ion Zn with N,O donor atoms of the 

ligands. In complex 1, all the calculated Zn−O/Zn−N distances fall in the range of 2.001-2.086 Å 

but for complex 2 calculated Zn−O/Zn−N distances fall in the range of 2.074-2.091 Å (Table s1). 

The contour plots of preferred Frontier molecular orbitals of complexes 1 and 2 are given in Fig. 

s9.     

For better understanding of the electronic transitions of our complexes, time dependent 

density functional theory i.e TDDFT calculations have been carried out at the B3LYP associated 

with the conductor-like polarizable continuum model (CPCM) method in methanol using the 

optimized geometry of the ground (S0) state. The complex 1 shows moderately broad peak at 442 

nm (445 nm experimental) dominated by HOMOLUMO transition, moderately intense peak at 

382 nm (387 nm experimental) due to HOMO-1LUMO and HOMOLUMO+1 transitions 

and at 347 nm (350 nm experimental) due to HOMO-2LUMO, HOMO-1LUMO+2 

transitions and at 247nm (251 nm experimental) .The complex 2 shows broad peak at 398 nm 

(experimental 400 nm) dominated by HOMOLUMO transition, intense peak at 346 nm 

(experimental 342 nm) due to HOMO-2LUMO, HOMO-2LUMO+1 transitions and a 

moderately intense peak at 274 nm (272 nm experimentally) due to HOMO-5LUMO, HOMO-

2LUMO+1 transitions (Fig. 3; Table s2). The HOMO-LUMO energy gap clearly shows reason 

of higher ʎmax for complex 1 than complex 2 (Fig. 4). 
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Fig. 2:  Optimized geometries of HL1, HL2, complex 1 and complex 2 at their ground state (S0). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Frontier molecular orbitals involved in the UV-vis absorption of complexes 1 and 2. 
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Fig. 4: Frontier MOs along with their HOMO- LUMO energy gap of complexes 1 and 2. 

 

Fluorescence properties   

HL1 (40 μM) shows weak fluorescent intensity at 528 nm when it has been excited at 445 

nm in 10 mM HEPES buffer in water:methanol (1:9, v/v) (pH = 7.2) at room temperature. 

Emission intensity of HL1 increases in the presence of Zn2+ ion (Fig. 5). Intensity of the Schiff-

base compound at 528 nm gradually increases with the increase in concentration of Zn2+. 

Increment in intensity of HL1 gets saturated when one equiv. of Zn2+ ion is added to it. There is 

about 8 fold enhancement in emission intensity of HL1 in the presence of one equiv. of Zn2+. 

Similar observation has been noticed for HL2 (Fig. s10). It shows weak fluorescent intensity at 

478 nm on excitation at 398 nm in 10 mM HEPES buffer in water:methanol (1:9, v/v) (pH = 7.2) 

at room temperature. Emission intensity of HL2 increases in the presence Zn2+ and saturates 
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when one eqv. of the metal ion is added. Emission intensity increase can be explained based on 

(Photoinduced Electron Transfer) PET mechanism (Fig. 6). Available lone pair on imine 

nitrogen atom keeps PET on leading to the quenching of fluorescence. When Zn2+ binds with 

Schiff-base compound, lone pair on nitrogen atom is no longer available thereby turning off PET 

and fluorescence is turned on. However, CHEF mechanism for increase of emission intensity 

cannot be totally ruled out as the binding constant of HL1 towards Zn2+ is quite high. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Fluorescence intensity of HL1 (40 μM) in the presence of 0, 4, 8, 12, 16, 20, 24, 28, 32, 

36, 40 and 44 μM of Zn2+ ion in 10 mM HEPES buffer in water:methanol (1:9, v/v) (pH = 7.2) at 

room temperature (excitation: 445 nm). 

 

HL1 is not soluble in water alone. However, we have recorded UV-vis and fluorescence 

spectra in different water/methanol ratio (Fig. s11). With the increase in water percentage, 

emission intensity of HL1 in the presence of Zn2+ decreases slowly. We have chosen 

water:methanol in 9:1 ratio.   
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Metal ion selectivity assay of HL1 is shown in Fig. 7. Emission of HL1 has been checked 

in the presence of various metal ions (5 equiv.).  It is clear from the figure that only Zn2+ ion can 

induce significant fluorescence intensity enhancement. However, emission intensity of the  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Mechanism for increment of fluorescence intensity of HL1 in the presence of Zn2+. 
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Fig. 7: Fluorescence intensity of HL1 (40 μM) in the presence of different metal ions (200 μM) 

(left) and in the presence of mixture of metal ions including Zn2+ (right) in 10 mM HEPES buffer 

in water:methanol (1:9, v/v) (pH = 7.2) at room temperature (excitation: 445 nm). 

 

compound increases slightly in the presence of two heavy metal ions of the same group of 

periodic table, Cd2+ and Hg2+. Alkali metal ions in large excess cannot induce emission 

increment. This may happen due to poor complex formation of HL1 with the metal ions. The 

other first row transition metal ions, namely Cu2+, Fe3+, Ni2+, V3+, Co2+, and Mn2+ actually 

decrease emission intensity by the fluorescence quenching mechanism. Emission intensity of 

HL1 and Zn2+ has been recorded in the presence of 5 eqv. of other metal ions (Fig. 7). It can be 

observed that emission intensity does not significantly changed in most of the cases. However, 

V3+ and Cr3+ can reduce intensity to some extent. 5 eqv. of Cu2+ reduce the emission intensity 

completely. Probably Cu2+ ion forms more stable complex that Zn2+. It replaces Zn2+ ion. Similar 

observation of effect of other metal ions in the fluorescence intensity of HL2 has been recorded 

(Fig. s12). 

To check influence of any anion on emission intensity, we have measured fluorescence 

intensity of HL1 (40 μM) and Zn2+ ion in the presence of different counter anion (Fig. s13). It is 

revealed that there is no effect of various anions on emission intensity i.e. enhancement of 

intensity of HL1 is due to the presence of metal ion only.  

Enhancement of emission intensity of HL1 in the presence of Zn2+ ion has been attributed 

to the large binding constant value. The binding constant has been determined by using Benesi-

Hildebrand equation.43,44  

1/(F–F0) = 1/(Fmax–F0) + (1/K[C]){1/(Fmax–F0)} 

where F0, F and Fmax are emission intensities of HL1 in absence of Zn2+, intermediate Zn2+ 

concentration and concentration of Zn2+ of complete interaction respectively; [C] is 

concentration Zn2+ and K is the binding constant. From a plot of (Fmax‒F0)/(F‒F0) vs 1/[ Zn2+] 

(Fig. s14), K for HL1 was determined from the slop to be 4.38 (± 0.09) × 104 M–1.   

Quantum yields of HL1 and its Zn(II) complex have been determined (Table 1). From 

TCSPC (Time-Correlated Single Photon Counting) measurements, life-time of Schiff-base 

compounds and its Zn(II) complex have been determined (Fig. s15). From the figure it is evident 

that HL1 undergoes bi-exponential decay whereas its zinc complex undergoes mono-exponential 

decay. Possibly due to the presence of different conformations of HL1, bi-exponential decay is 
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observed. It may appear that its zinc complex also undergoes bi-exponential decay. But after 

close inspection, it can be understood that it is mono-exponential decay. However, initial decay 

of zinc complex matches with prompt profile which is due the unwanted scattering. The life 

times for them are measured to be 1.25 and 7.29 ns respectively.  

Radiative and non-radiative decay constants were determined by following equations: 

kr = Φf/τ and τ–1
 = kr + knr 

 

Table 1: Quantum yield, Life-time and rate constants of HL1  

Compound Quantum yield Life-time (ns) Kr  (×106) Knr (×106) χ2 

HL1 0.02 1.25 16.0 784 1.046 

HL1 + Zn2+ (1:1) 0.18 7.29 24.7 112.5 1.094 

 

Values of kr and knr for HL1 and its 1:1 complex with Zn2+ are given in Table 1. We can 

see from the table that there are two opposing factors that determine the change in emission 

intensity of HL1 and the metal complex; (i) large jump in kr value on complex formation and (ii) 

higher non-radiative decay constant in the complex. The complexation of HL1 with Zn2+ may 

give rigidity to the system and that leads to the increased kr value and hence increase in emission 

intensity.  

Lowest concentration of Zn2+ that can be measured in solution has been determined for 

both the Schiff-base ligands (Supporting Information, Fig. s16-s19). The limit of detection 

(LOD) of HL1 and HL2 for Zn2+ was determined by following 3σ method.45 It has been found 

that LOD values of HL1 and HL2 are 0.832 and 0.474 nM, respectively. We have made 

comparison of recently published Zn2+ sensors with different aspects (Table 2). Our probe has 

several plus points and few limitations with respect to the others. Prime feature of our probe 

highlights its high sensitivity for Zn2+ ion. LOD values of HL1 and HL2 indicate that these 

molecules have lower values compared to others. While majority of the probes including present 

work have been synthesized by one step. Few of them cannot be used for cell-imaging study. 

However, comparing the excitation wavelengths, it can be noticed that HL1 has higher excitation 

wavelength in the visible region. This is preferable for cell imaging study as excitation in UV 

region may induce cell-death.  
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Reversibility of Zn2+ has been checked (Fig. s20). Emission intensity of HL1 has been 

measured in the presence of one eqv. of  Zn2+. Intensity increases as usual. In the presence of one 

eqv. of EDTA (disodium salt) reduces the intensity almost to the initial intensity of HL1. Again 

in the presence of Zn2+, intensity of the probe increases. EDTA again decreases intensity and 

cycle goes on.  

Fluorescence image and image under visible light of HL1 in the presence various metal 

ions are given in Fig. s21. Under visible light, there is no distinct change in color of solution of 

HL1 and HL1 with different metal ions. However, few metal ions e.g. Zn2+, Cd2+, Mn2+, Co2+, 

Ni2+ and Cu2+ can generate pale yellow color with the Schiff-base compound.  

 

Table 2: Comparison on few aspects of some recently published Zn-sensors 

Sl. 

No

. 

Probe No. of step for 

synthesis 

Excitation (nm)/ 

Emission (nm) 

LOD Cell 

imaging 

study 

Ref. 

1 

 

1 350/470 88 nM No 46 

2 

 

1 375/448 30 nM Yes  

47 

3 

 

4 365/506 3.2 µM 

 

Yes 48 

4 

 

1 430/539 5.81 nM Yes 29 

5 

 

1 375/469 0.69 µM No 49 

6 

 

1 370/460 65.4 µM No 50 
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7 

 

2 360/522 7.2 nM Yes 51 

8 

 

3 370/510 66 nM No 52 

9 

 

1 360/482 0.1 µM No 53 

10 

 

1 445/528 0.832 

nM 

Yes Present 

work 

 

 

Fluorescence image of HL1 in the presence of Zn2+, Na+, K+, Cd2+, Hg2+, Pb2+, V3+, Mn2+, 

Fe3+, Co2+, Ni2+ and Cu2+ ions clearly shows that bluish green color is created only when Zn2+ is 

present with HL1. Neither HL1 nor the other metal ions can produce any change in color in 

fluorescence image. Thus, Zn2+ can be detected under UV irradiation. A visual change in color of 

the Schiff-base compound in the presence of Zn2+ ion under UV radiation can be a useful way 

for the “naked-eye” detection of the metal ion in solution.  

Effect of pH on the emission intensity of HL1 with and without one equiv. of Zn2+ has 

been checked in the range of 3.0 to 11.0 (Fig. 8). It is clear from the figure that there is almost no 

change in emission intensity of HL1 in absence of Zn2+ in the pH range of 3.0-8.0. If we have 

close view on the emission intensity of HL1 in absence of Zn2+ it can be seen very small 

increment in emission intensity has been occurred in pH higher than 8.0. However, pH has a 

significant effect on emission intensity of HL1 in the presence of Zn2+. Emission intensity of HL1 

in the presence of Zn2+ has started to increase when pH of the medium is 4 or higher and reaches 

maxima at pH 8.0.  
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Fig. 8: Fluorescence intensity of HL1 and HL1 in the presence of Zn2+ at various pH. Red line 

with solid square box represents fluorescence intensity of HL1 and blue line with solid round 

symbol represents fluorescence intensity of HL1 in the presence of Zn2+. 

 

 

NMR spectral studies 

1H NMR spectra of HL1 were recorded in absence and in the presence of one equiv. of 

Zn2+ ion in DMSO-d6 (Fig. 9). 1H NMR spectrum of HL1 shows very clear peaks. Peak for 

phenolic OH appears at δ = 12.87 ppm. The diformyl compound undergoes Schiff-base 

condensation with one equivalent of 2-aminobenzimidazole leaving one CHO group unreacted. 

This is evident from the NMR spectrum of resulting compound which clearly displays a singlet 

peak at δ = 10.40 ppm for one aldehyde proton. Imine proton appears at 9.65 ppm. Singlet peak 

corresponding to three protons at 2.33 ppm may be attributed to methyl group. Aromatic protons 

on phenyl and benzimidazolyl rings appear in the range of 7.99-7.19 ppm. Two singlet peaks at 

7.99 and 7.73 ppm are due to the presence of two protons on benzene ring. However, no signal 

for NH proton was observed.  
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Fig. 9: 1H NMR spectrum of HL1 in absence (above) and in the presence of Zn2+ ion (below). 
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1H NMR spectrum of HL1 in the presence of Zn2+ ion is shown in Fig. 9. It exhibits many 

changes in the spectrum of HL1 occurred due to the presence of Zn2+. Peak for phenolic proton 

disappears here. Peak positions for CHO, imine and aromatic protons alter appreciably. Peak for 

one aldehyde proton has been obtained at 10.02 ppm. Methyl proton appears at 2.29 ppm. The 

changes in peak position may be attributed to the coordination of Zn2+ with HL1. Analysis of 1H 

NMR spectra of HL1 in the absence and in the presence of Zn2+ ion supports the proposed 

mechanism as depicted in Fig. 6. Change in position of imine proton and disappearance of 

phenolic proton indicate the coordination of the metal center with the imine nitrogen and 

phenoxo oxygen atoms. Thus, emission intensity enhancement due to PET mechanism is 

supported indirectly by the NMR spectra study.  

 

Cell imaging study 

The intracellular Zn2+ imaging behavior of HL1 has been studied on A549, human lung 

cancer cell lines by fluorescence microscopy. After incubation with the probe (10 μM) at 37ºC 

for 30 min, the cells display no intracellular fluorescence (Fig. 10B). However, cells exhibit light 

fluorescence with the addition of low concentration of zinc ion (10 μM) (Fig. 10C) and exhibited 

gradually intensive fluorescence when exogenous Zn2+ has been introduced into the cell via 

incubation with a zinc nitrate salt solution (50 μM) (Fig. 10D). The intensive fluorescence 

behavior has been, however, strongly suppressed when TPEN (100µM) has been added to the 

medium. Since TPEN confers having a strong scavenging action on Zn2+
 ion, the sensor 

molecules competitively inhibit to bind with Zn2+
 ions, as a result, the intensive fluorescence 

disappears (Fig. 10F). This presents the confirmatory evidence of the sensor having the 

selectivity to sense Zn2+
 ions. The fluorescence responses of the HL1 with various concentrations 

of added Zn2+ proves that such fluorescence intensity can be used as indelible signature of 

selective sensor response clearly evident from the cellular imaging. Hence, these results indicate 

that HL1 is an efficient candidate for monitoring changes in the intracellular Zn2+ concentration 

under biological conditions.  

The  cytotoxicity study (MTT assay) in human lung cancer cells treated with various 

concentrations of HL1 for up to 6 h (Fig. s22) shows that HL1 of concentration up to 10 μM does 

not show significant cytotoxic effects on human lung cancer cells for at least up to 6 h of its 

treatment. Further fixed concentration (10 μM ) of HL1 along with different concentrations of 
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zinc ions (10 μM and 50 μM) even do not show any significant cytoxic effects on human lung 

cancer cells for up to 6 h as shown in Fig. s23. The study suggests that HL1 can be readily used 

as an efficient, selective and sensitive tool for bioimaging at the indicated doses and incubation 

time without cytotoxic effects.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: (A) Phase contrast image, (B) fluorescence image of A549 cells incubated with 10 µM 

HL1 for 30 min at 37ºC. HL1 (10 µM) incubated cells were washed with PBS and were exposed 

to the presence of sequentially increased concentrations of added extracellular Zn2+ ion as (C) 10 

μM and (D) 50 μM.  (E) Represent the merge image of phase contrast and fluorescence image. 

(F) Represent disappearance of fluorescence intensity in the A549 cells treated with the HL1and 

Zn2+ ion after further addition of 100µM TPEN. For all imaging, the samples were excited at 445 

nm (Scale bar represent 50µm). 

 

Conclusions 

In summary, we have been able to establish 2-formyl-4-methyl-6-(2-

benzoimidazolyliminomethyl)phenol (HL1) as a selective fluorescence sensor for Zn2+. Presence 
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of a methylene group in HL1 has visible effect on UV-visible and fluorescence spectra in absence 

and in the presence of Zn2+. Emission intensity of HL1 at 528 nm increases significantly in the 

presence of one eqv. of Zn2+. All other metal ions either reduce the emission intensity or induce 

no significant change in the intensity. However, with the presence of methylene group, we can 

tune spectral properties of such Schiff-base molecule. HL2 with methylene group shows emission 

intensity at 478 nm with large change in peak position compared to HL1. Both the Schiff-base 

molecules are highly sensitive for Zn2+ ion with very low LOD values. The compound has been 

used to study of cell imaging of cancer cell with cytotoxicity. Thus, easy to synthesis Schiff-base 

compounds can be used as selective chemosensor for Zn2+ and most importantly, the spectral 

properties of such compounds can be tuned accordingly.   
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A selective fluorescence chemosensor for Zn
2+

 has been developed with very low limit of 

detection vaule (0.832 nM).   
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