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Abstract 

Two novel pyrimidine based 5-(2-hydroxybenzylideneamino)-6-amino-2-

mercaptopyrimidin-4-ol (S1) and 5-(3-nitrobenzylideneamino)-6-amino-2-

mercaptopyrimidin-4-ol (S2) receptors have been synthesized and characterized by 

various techniques. Both receptors showed 2:1 complexation stoichiometry with 

Ni(II) having binding constant 2.9 × 10
6  

(S1) and 2.1 × 10
6 

(S2) calculated by Job’s 

plot based on the UV-Vis absorption studies. The binding stoichiometry was also 

supported by ESI mass spectra and NMR titration. The addition of Ni(II) to both 

chemosensors, S1 and S2 leads to the fluorescence quenching of S-Ni(II), forming 

an off sensing type system with the limit of detection 33 µM and 48 µM 

respectively. It was observed that S1 and S2 achieved electrochemical changes in 

reduction and oxidation potentials after the addition of nickel metal ion. DFT 

calculations have revealed that the energy gap between HOMO and LUMO of S1, 

S2 are significantly decreased upon coordination with Ni(II) in gas phase.  

 Introduction 

In recent years a great deal of research has been 

attracted towards transition metal ion detection due 

to their environmental and biological importance. 

Nickel is an essential trace element for supporting 

life, such as respiration, metabolism and 

biosynthesis
1
. Nickel compounds have many 

industrial and commercial uses, and the progress of 
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industrialization has led to increased emission of 

pollutants into ecosystems
2
. It has been used in 

industrial applications such as stainless steel, 

jewellery, electroplating, Ni-Cd batteries, 

machinery, tools and as a precursor for catalyst
3
. 

However a higher uptake of nickel can cause a 

variety of pathological effects on the human body as 

in a form of lung cancer, prostate cancer, larynx 

cancer, lung embolism, asthma and chronic 

bronchitis, pneumonitis and dermatitis
4
. In the 

various literature, several review studies have been 

reported on the recognition flourogenic unit which is 

responsible for the selectivity and binding efficiency 

of the chemosensor. Several N-heterocycles such as, 

triazole, thiazole, pyridine, pyrrole, quinoline, or 

imidazole and their derivatives are utilized as 

recognition units. Such as pyrimidine derivatives are 

appropriate objects for using as excellent sensing 

materials and also have a variety of biological and 

medicinal applications. The efficiency of pyrimidine 

derivatives to form both coordination and hydrogen 

bond make them assuring to the use as sensing 

probes. The simplicity and cost-effectiveness are 

always a matter of concern for optical chemosensor. 

Thus, here we report the facile and inexpensive 

synthesis of two novel pyrimidine based 

colorimetric and flouregenic receptors which has 

been obtained in pure powdered form without any 

column chromatographic purification.  

In order to quantify nickel ions, several 

analytical techniques of high cost such as 

inductively coupled plasma optical emission 

spectrometry
5
, coated wire ion selective electrode

6
, 

microwave induced plasma
7
, electrothermal atomic 

absorption spectrometry
8
, and spectrophotometry

9 

have been used. Many of these pretreatment 

techniques are, however complicated, time 

consuming and not suitable for quick response. In 

recent time the most oftenally utilize method is an 

optical sensing, because of low cost and simple 

handling. There are several mechanisms which 

support the fluorescence behavior for cations and 

anions as internal charge transfer (ICT), chelation 

enhanced fluorescence (CHEF), photoinduced 

electron transfer (PET) and deprotonation 

mechanisms. 

       To design efficient colorimetric sensor with 

open coordination sites which has high selectivity 

and sensitivity for Ni(II) ion, two receptors have 

been synthesized by condensation method. A 

significant color change of receptors solution was 

occurred after addition of Ni(II) ion as light 

yellow to dark yellow with red shift. These two 

receptors S1 and S2 have shown fluorescence 

quenching after the recognition with Ni(II) ion, it 

caused by the paramagnetic nature of Ni(II) ion. 

Further, we have been investigating the 

electrochemical behavior of the two receptors by 

cyclic voltammetry experiment. In the 

recognition, 2:1 stoichiometry was corroborate by 

the Jobs plot as well as theoretical aspects. The 

reversible behavior of chemical receptors is 

presented with the logic gate application. 
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Results and discussion 

Two Schiff bases were synthesized in good yield 

by employing a simple synthetic route of 

condensation in dry methanol. 4,5-Diamino-6-

hydroxy-2-mercaptopyrimidine was used as 

common amine with a different aldehyde (scheme 

1). 

 

Scheme 1. Synthesis of receptors S1 and S2. 

In order to investigate the recognition ability of 

both receptors with different metal ions, the 

preliminary studies have been executed. UV–Vis 

studies demonstrated the affinity of S1, S2 towards 

Ni(II) ion over various metal ions, and upon the 

addition of nickel acetate, a sudden color change 

from light yellow to dark yellow was observed. 

(ESI Fig. 1). Thus we have conducted colorimetric  

studies by using equimolar solutions 

(1.0 × 10
− 4

 M) of S1, S2 and metal ions in DMF. 

The sudden color change of the receptors was most 

probably due to the recognition or deprotonation of 

‒OH groups upon addition of Ni(II) ion
10

.  

UV-Vis Analysis 

S1 and S2 displays  a  more  intense  color  change  

in  the presence of  Ni(II) on the behalf of strong  

metal–receptor interaction,  whereas  no significant  

changes  were  observed  with  Mg(II), Ca(II),  

Pb(II), Hg(II), Fe(II), Sr(II), Mn(II), Cu(II),  

Mo(II), Ag(I), Co(II), Zn(II) and  Cd(II) ion. Upon 

the addition of Ni(II), the UV-Vis Spectra of S1, S2 

was showing red-shift that indicates a charge 

transfer interaction between the receptor moiety 

and nickel metal ion (Fig.1). Binding stability was 

examined by monitoring over the time, the 

colorimetric changes were observed to measure the 

strength of interaction between the receptor and 

metal ion
11

. Usually, it has been observed that 

chemosensors have long response time, but in case 

of these receptors the binding process with Ni(II) 

ion is found to very fast i.e. less than 13 sec and 

remained quite stable. 

  

Fig. 1 UV-Vis studies of S1 and S2 (4×10
−5

 M) with all metal ions.
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It  can  be observed  that  the  colorimetric 

property  of  the S-Ni(II) is  also stable with  time 

(ESI Fig. 2). 

 

Stoichiometry and binding sites 

To ensure the binding sites of the both receptors 

response, the binding stoichiometry of S1 and S2 

was calculated from Job’s plot on the basis of UV-

Vis absorption studies
12

. Equimolar solutions 

(4 × 10
− 5

 M) of receptors S1, S2 and Nickel metal 

ion were prepared in DMF. To determine the 

binding stoichiometry of S+Ni(II), we carried out 

absorption titration experiments in the presence of 

varying mole-fractions of Ni(II) in DMF. The 

stoichiometry was established by Job’s plot 

between the mole fraction and absorption 

maximum changes at 435 nm for S1 and 409 nm for 

S2 (Fig.2). Upon the addition of 0-6 mL of Ni(II) 

(with the equal span of 0.5 mL), the absorption 

maxima of S1 and S2 were quenched at 392 nm (S1) 

and 374 nm (S2) and a new band appeared at 435 

and 409 nm respectively. Maximum absorbance 

was obtained at mole fraction 0.66, indicating the 

stoichiometry of S + Ni(II) was 2:1. S1 obtained 

more binding ability in comparison to S2, the 

binding constant calculated by Job’s plot were 

2.9 × 10
6 

for S1 and 2.1 × 10
6
 for S2.  

 

 

Fig. 2 Job's plot of equimolar concentration (4.0 × 

10
−5

 M) of receptors S1 (a) and S2   (b) with Ni (II) 

ion. 

 

The stability constants were calculated by the 

following expression
13

: 

 

� � �	 ↔ ��																																															��� 

	
	 �	
���
����																																													 ��� 

	
 				� 	
��� ��� �
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																	���																 

Where, CS is the receptor concentration, CM is the 

metal concentration, A2 is the actual absorbance, 

A1 is the absorbance at break point. 

The Job’s curve for both receptors exhibited in 

Figure 2. The isosbestic points at 402 nm (S1) and 

312 nm, 381 nm (S2) clearly indicates that there 

was a new complex formation with certain 

stoichiometry ratio between host and guest via 

internal charge transfer
14 

(Fig. 3a, 3b).  
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Fig.3 UV–Vis titration spectra (a and b) of receptor 

S1, S2 (5×10
−5

 M) upon addition Ni(II)
 
ion  in DMF  

solvent. (0, 0.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 

3) equivalents of Ni(II)
 
ion. 

 

Similar to Job’s plot, the binding stoichiometry 

was further supported by ESI mass spectrum and 

1
H NMR titration along with binding site 

confirmation as shown in (Fig 4). The ESI mass 

spectrum of a mixture of receptors and 

Ni(CH3COO)2.4H2O revealed the formation of S-

Ni(II) complex through coordination bond, which 

showed a sharp peak at m/zcalcd= 581.92 calculated, 

found 581.25 for [2S1–Ni(II)+H] and m/zcalcd= 

639.50 calculated, found 639.24 for [2S2-Ni(II)+H] 

(ESI Fig.3). From NMR study, we have 

investigated the interactions between the receptors 

and nickel ion with the addition of different 

equivalent of nickel ion (0, 0.3, 0.5, 0.8) to 

receptors S1, S2 in DMSO-d6. Upon the addition of 

0.5 equiv., the hydroxyl group of amine moiety is 

completely disappeared along with the downfield 

shift of imine proton from 9.75 ppm to 9.83 ppm 

(S1) and 9.76 ppm to 9.92 ppm (S2) through 

diamagnetic deshielding indicating that there is a 

new complex formation (2:1) between the –OH 

group, imine CH=N moiety of pyrimidine and 

nickel ion. There was no significant change on SH 

proton and the rest of the aromatic region protons. 

It was observed that further addition (more than 0.5 

equiv.) of nickel ion did not change 
1
H NMR 

spectra
15

 (ESI Fig. 4). The both S-Ni(II) complex 

optimized as square planar geometry in gas phase, 

which shows the diamagnetic nature of nickel 

metal ion, cause of deshielding of protons. The 

NMR titration evaluated that Ni(II) is coordinating 

through nitrogen and oxygen atom of pyrimidine 

moiety in S-Ni(II) complex. 

Fluorescence studies 

Similar to the absorption study of these two 

receptors, we have also investigated the 

photophysical properties of receptors in DMF. 

To scrutinize the practical ability of both S1 

and S2, the competitive binding studies with 

other metal ions have been introduced (Fig. 5 

and 6). It has been observed that other metal 

ions show minimum disruption in fluorescence 

spectra of both compounds. Fluorescence 

emission of S1 and S2 (5 × 10
− 6

 M) did not 

show any appreciable interference after the 

addition of different metal ion. S1 showed the 

maximum excitation at 392 nm and emission at 

520 nm while S2 showed the maximum 

excitation at 374 nm and emission at 441 nm 

which shows a large stoke shift. 
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Fig.4 
1
H NMR titration of S1 and S2 with Ni(II) ion. 

After the gradual addition of nickel ion 

concentration, fluorescence quenching 

phenomenon is occurred
16

 (Fig. 7 and 8). The 

electron or energy transfer could be a possible 

mechanism for remarkable quenching with Ni(II) 

ion. The Stern-Volmer plot clearly indicates that 

the static nature of quenching. The energy transfer 

mechanism provides a pathway for the contribution 

to the nonradiative deactivation of the excited state 

to a significant extent
17

. 
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Fig.5 Interference study with different metal ion 

at 520 nm, S1 + metal ions (blue bar) and S1 + 

metal ions + Ni(II) (red bar)  

 

Fig.6 Interference study with different metal ion at 

441 nm. S2 + metal ions (red bar) and S2 + metal 

ions+Ni(II) (blue bar). 

For the calculation of limit of detection, 

fluorescence intensity of S1 and S2 at each 

concentration of Ni(II) added, normalized between 

the maximum fluorescence intensity, found at zero 

equiv. of Ni(II), and the minimum fluorescence 

intensity, found at 5 × 10
-6

 M of Ni(II). Limit of 

detection have been calculated by using the 

intercept of a plot between (I – Imin)/(Imax − Imin) 

and log[Ni(II)]
18

 and found to be 33 and 48 µM for 

S1 and S2 respectively ESI Fig.5. 

Fig.7 Emission spectra of S1 (5.0 × 10
−6

 M) in the 

presence of varying concentration of Ni(II) at λex 

392 nm. (inset–change in emission intensity with 

number of equivalents of Ni(II)) 

 
Fig.8 Emission spectra of S2 (5.0×10

−6
 M) in the 

presence of varying concentration of Ni(II) at λex 
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374 nm (inset–change in emission intensity with 

number of equivalents of Ni(II)). 

 

Optimization of analytical conditions 

The potential selectivity of both receptors was 

determined as a function of pH over a wide pH 

range (1-14). A 25 mL stock solution (4 × 10
− 5

 M) 

of both receptors was prepared in DMF as the 

receptors are sparingly soluble in water. The pH 

was adjusted with the addition of aqueous 0.5 M 

HCl and 1M NaOH. The optical studies of both S1-

Ni(II) and S2-Ni(II) with respect to different pH 

affirmed that both receptors predominantly work 

between pH 5-11 and 6-12 respectively (ESI Fig. 

6).   

At low pH (1-4) receptors did not show any 

changes with Ni metal ion in absorption studies. 

On increase pH 12-14 selectivity of sensors was 

decreased. The effect of pH on the emission 

spectra of S1 and S2 (5 µM) was examined in the 

absence and presence (5 µM) of Ni(II) (Fig. 9). 

At pH<5, the fluorescence intensity of both 

receptors was relatively lower owing to the 

protonation, as the high pH>12, OH
–
 will 

compete with receptors to bind Ni(II), which 

influenced the detection of Ni(II). S1 and S2 

chemosensors work well in wide range of 5–11 

and 6–11, respectively for the detection of Ni(II) 

ion. That proves the utility of both receptors to 

work as a sensor under physiological pH 

conditions. The effect of water content on 

absorption studies as well as fluorescence 

intensity of both receptors (5µM) has been 

studied. It is observed that the selectivity and 

sensitivity of both receptors have been 

diminished with increasing the content of water. 

Receptor S1 has shown selectivity with nickel 

ion up to 40% water while S2 has shown upto 

20% water (ESI Fig. 7). The sensitivity of the 

receptors has gradually decreased after their 

respective percentage. Thus receptor S1 has 

more real-purpose applicability than S2. 

 

Fig. 9 Effect of pH on emission spectra of S1 (a) 

and S2 (b) in DMF without and with 

Ni(II). 
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Electrochemical behavior of sensors 

Cyclic Voltammetry Experiment 

To investigate the redox properties of both 

receptors and their complexation with Ni(II), the 

cyclic voltammograms of receptors S1, S2 and S-

Ni(II) were recorded in DMF solution containing 

0.1 M TBAP. The cyclic voltammogram of S1 was 

displayed two reversible oxidation peak at 0.91 V 

and 1.33 V and non reversible reduction peak at -

0.58 V whereas upon the addition of Ni(II) ion 

there was not any change in oxidation peak, but 

two irreversible reduction peak at -1.33 V and -

1.73 V appeared which correspond to 

Ni(II)↔Ni(I) (Fig. 10). On the other hand S2 

showed remarkable change after the complexation 

with nickel ion.  S2 showed two oxidation peaks at 

1.17 V, 0.96 V and two irreversible reduction peak 

at -0.44 V and -0.97 V. By the addition of Ni(II) 

ion one oxidation peak shifted positively as well as 

two irreversible peak shifted to -0.92 and -1.5 

which showed the complexation with nickel ion 

(Fig. 11) and Table 1. It is well observed that the 

redox potential of S2 shift positively due to 

electron-withdrawing substituents. It may due to 

the electron withdrawing influence of the 

additional nitro group
19

.  

Fig.10 Cyclic voltammograms of S1 and S1-Ni(II) complex in DMF solution containing 0.1 M TBAP at 

scan rate of 100 mVs
-1

. 

 

 

 

Fig. 11 Cyclic voltammograms of S2 and S2-Ni(II) complex in DMF solution containing 0.1 M TBAP at 

scan rate of 100 mVs
-1

. 
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Table 1. The electrochemical behaviour of 

receptor S1, S1-Ni(II) and S2 , S2-Ni(II) 

complexes. 

Sample 
I  

Oxid.(V) 

II  

Oxid.(V) 

I  

Red.(V)

II  

Red.(V) 

Ligand S1 0.91  1.33 -0.58 - 

S1-Ni(II) 0.92 1.33 -1.33 -1.73 

Ligand S2 0.96 1.17 -0.44 -0.97 

S2-Ni(II) 1.19 - -0.92 -1.5 

 

Theoretical calculation  

In order to understand the mechanism of all 

obtained experimental results, a DFT study
20

 was 

performed for molecular geometry and frequency 

calculation (ESI Fig. 8). The energy band gap 

between HOMO (3.79 eV), LUMO (2.74 eV) of S1 

and HOMO (3.39 eV), LUMO (2.50 eV) of  

S2 has been decreased, i.e. 1.02 eV and 0.89 eV 

respectively (Fig. 13).  

This represented a supportable mechanism for 

metal ion complexation according to the proposed 

coordination
21

. The HOMO→LUMO excitation 

was observed to favour the ligand to metal charge 

transfer (LMCT) which contributes to lowest 

energy excitation. It was notified that the energy 

decrease in LUMO level was remarkable than that 

in HOMO level, indicating that LUMO was more 

stabilized than HOMO. Attributed to the 

importance of DFT studies, it was evaluated that 

apart from band gap the electron density in S1 and 

S2 was localized on the atoms of the whole 

molecule.  

 

Fig.12 Optimized geometries of S1, S1-Ni(II)   and 

S2, S2-Ni(II). 

Upon the complexation with Ni(II) ion, the density 

was more located on S-Ni(II) complex. This result 

suggested that the coordination of Ni(II) with 

pyrimidine moiety promoted internal charge 

transfer through increasing the electron donating 

ability of the coordinating nitrogen and oxygen of 

pyrimidine moiety. Moreover the data of IR 

frequency of S1 and S2 had nearest spectrum to the 

experimental results (Fig. 12).  
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Fig. 13 Pictorial view of frontier molecular orbitals of S1, S1-Ni(II) and of S2, S2-Ni(II).

The reversibility behavior of S1 and S2  

To explain the coordination mechanism of Ni(II) 

with receptors S1 and S2, a fluorescence analysis 

has been done with EDTA. The reversibility test 

was performed using the S-Ni(II) solution (5µM) 

with disodium salt of ethylene diamine tetra-

acetic acid (EDTA) (20 µM) in H2O. The 

introduction of EDTA to S-Ni(II) solution could 

restore the yellowish color of receptors itself due 

to the strong binding ability of EDTA toward 

Ni(II). Both sensors were found to be reversible 

to its original state during the addition of EDTA 

and can be reused upto 3 cycles as demonstrated 

in Fig. 14. Both receptors have shown the 

quenching behavior with the addition of nickel 

metal ion but as the EDTA added to the complex, 

the fluorescence intensity has been increased 

which clearly indicate that EDTA inhibit the 

interaction between receptor and metal ion
22

. 

Further addition of Ni(II) to the solution again 

quenching phenomena has been occurred. It is 

illustrated that the Ni(II) displayed a significant 

fluorescence change by showing the OFF 

behavior through complex formation. The 

addition of an excess amount of EDTA to the 

mixture of receptor S1-Ni(II) and S2-Ni(II) results 

in enhancing of the fluorescence intensity and 

hence acts as an ON switch (Fig. 14, 15 ). This 

‘‘ON–OFF–ON’’ switching process could be 

repeated several times with the meager 

fluorescence efficiency loss.  
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The repeated behavior of S1, S2 by fluorescence 

change with EDTA well explained the reversible 

behavior of both sensors which supports the 

electron transport mechanism for quenching. 

 

Fig. 14 Reversible changes in fluorescence 

intensity of S1, S2 (5.0 × 10
−6

 M) at 520 nm, 441 

nm respectively, after the sequential addition of 

Ni(II) and EDTA . 

Logic gate application 

Recent days, researchers have shown considerable 

interest towards molecular computing due to their 

broad application in molecular switches, keypad 

devices, biosensing, diagnostics, functional 

materials, biochemical systems
23

 etc. As discussed 

above the reversibility behavior of both receptors, 

it can represent by the combinational logic circuit. 

In this concrete system (Fig. 15), the ON state 

(Output=1) is defined as the strong fluorescence at 

520 nm (S1) and 441 nm (S2), whereas the OFF 

state (Output=0) corresponds to the weak 

fluorescence. The presence and absence of two 

chemical inputs IN1 Ni(II) and IN2 EDTA can be 

specified as ‘1’ and‘0’ states. The threshold value 

of fluorescence intensity is stated 400 nm at output 

in case of both receptors. However, the enhanced 

fluorescence of both receptors above the threshold 

level was ascertained in the absence (0, 0) and 

presence of both the inputs (1, 1) and also EDTA 

alone (1, 0). Therefore, observing the fluorescence 

of both receptors with the two-inputs (IN1 Ni(II) 

and IN2 EDTA), an IMPLICATION logic gate can 

be established at the molecular level (Fig. 15 ). 

Analytical application 

Analysis of nickel in waste and river water 

sample 

Receptor S1 was successfully applied for the 

determination of nickel metal ion in waste water 

samples
24

. The water samples were collected 

from tap water of Roorkee, River Ganga from 

Roorkee and Haridwar. Absorption experiments 

were performed using 3 mL of S1 (4×10
−5 

M in 

DMF) and 40µL of nickel metal ion (4×10
−5 

M) 

in corresponding water samples. 

All water samples were used without a 

pretreatment, and known amount of nickel were 

added. The recovery of the receptor S1 was 

obtained for different spiked water sample, 

calculated as 93.75-97.75% which was indicating 

that the application of receptor S1 for the 

detection of Ni(II) in real water samples was 

quite doable. ESI Table 1 shows that the results 

analyzed by direct UV-Vis study are found to be 

close enough with calculated by atomic 

absorption spectroscopy (AAS) method with an 

appropriate amount of Ni(II) added and justify the 

potential of the optical sensor for routine 

measurements.
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Fig. 15 (a) Fluorescence spectra of S1 and S2 (5×10
-6

 M) for an emission wavelength of 520 nm and 441 

nm respectively under four different input conditions; (b) Changes in the fluorescence intensity at 520 

nm (S1)  and 441 nm (S2) under four different input conditions; (c) IMPLICATION logic scheme; (d) 

IMP truth table. IN1 and IN2 represent input Ni(II)
 
ions and input EDTA, respectively; OUT are 

represented by their respective fluorescence intensity. 

 

Conclusion 

Here we have been synthesized two novel 

efficient colorimetric receptors via facile 

condensation process and characterized by 

various techniques. Upon addition of different 

metal ions, both receptors show a remarkable 

change in color (yellow to dark yellow) with 

Ni(II) metal ion which make suitable for easy 

naked eye detection. The 2:1 stoichiometry of S1 

and S2 was confirmed by Job’s plot, ESI Mass 

and 
1
H NMR titration. The association constant 

values of S1+Ni(II) and S2+Ni(II) were calculated 

by Job’s plot as 2.9 × 10
6 

and 2.1 × 10
6
 

respectively. More interestingly, the  fluorescence 

titration revealed that S1 and S2 behave as good 

fluorescence quencher, which support the 

electron transfer and nonradiative decay of 

excited state mechanism. The limit of detection 
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has been calculated as 33µM for S1+Ni(II) and 48 

µM for S2+Ni(II) that indicates S1 is superior 

over S2. Electroanalytical studies have been 

investigated by the cyclic voltammetric 

experiment. Theoretical calculation suggests the 

complexation of both receptors with Ni(II) ion by 

the energy gap difference between HOMO and 

LUMO. Also, both receptors can work as a 

reversible sensor with EDTA on the basis of 

fluorescence titration. We are confident that both 

receptors are useful for practical application in 

other sensing fields such as biological and 

environmental research in the future. 

Experimental details 

Reagent 

4,5-Diamino-6-hydroxy-2-mercaptopyrimidine,   

3-nitro benzaldehyde and salicylaldehyde 

purchase from Sigma-Aldrich. All the salts of 

metals used were of analytical grade and used 

directly (without any further purification).  

Instrumentation and Methods 

The UV-Vis spectra were recorded on a 

Shimadzu, UV-3600 double beam 

spectrophotometer using 10 mm path length 

silica cell. FT-IR spectra were obtained with a 

Perkin Elmer FT-IR 1000 spectrophotometer as 

films between KBr. Elemental analysis were 

carried out on an Elementar model Vario EL-III. 

1
H-NMR and 

13
C-NMR spectra of S1 and S2 in 

DMSO-d6 were recorded using Bruker 

AVANCE, 500.13 MHz spectrometer and Jeol 

ECX 400 MHz. Emission spectra were obtained 

from RF-5301PC with a 3 cm standard quartz 

cell. LC-HRMS spectra were recorded on an 

Agilent spectrometer micrOTOF-Q II 10330 in 

positive mode using HPLC methanol as the 

solvent. Cyclic voltammetric studies were 

performed under nitrogen atmosphere at 298 K 

on a CHI760E electroanalyser in DMF with 

0.1 M tetrabutylammonium perchlorate (TBAP) 

as supporting electrolyte. The working, 

reference and auxiliary electrodes were glassy 

carbon, Ag/AgCl and Pt wire, respectively, 

within the potential range +1.5000 V to 

−1.5000 V at a scan rate of 0.1 V/s. All solution 

should be nitrogen purged before the 

experiment. Geometry optimization was 

performed using B3LYP functional with 6-

31+g(d,p) basis sets as for receptors and with 

metal ion organize in the Gaussian 09 W 

programme in gas phase. 

 

 Synthesis and Characterization of S1 and S2 

 

Synthesis of S1 
 

The proposed Schiff base S1 was synthesized by 

stirring with reflux of 4,5-Diamino-6-hydroxy-2-

mercaptopyrimidine (0.001M) with salicylaldehyde 

(0.001M) for 24 hours and after that a yellow color 

precipitate was observed. 

Yield: (81%).  IR data (KBr, νmax/cm
−1

): O-H: 

3434, N-H 3302, Ar-H: 3161, C=N: 1625, C=C: 

1562, C-N: 1413, C-O: 1193. Anal.calc. for 

C11H10N4O2S: C, 50.37; H, 3.84; N, 21.36; O, 

12.20 ; S, 12.23, Found: C, 49.98 ; H, 3.29 ; N, 
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20.89 ; O, 12.45 ; S, 12.14. UV-Visible (DMF, 

λmax/nm ) 392 nm (n - π*), 290 nm (π - π*), 
1
H-

NMR (DMSO-d6, 500 MHz, δ/ppm): 12.6 (s, 1H), 

11.87 (s, 1H), 11.41 (s, 1H), 9.75 (s, 1H), 7.68 (d, 

1H), 7.25 (d, 1H), 6.88 (m, 2H), 6.57 (s, 2H). 
13

C-

NMR (S1, DMSO-d6,100 MHz, δ/ppm) 171, 158, 

157, 155, 151, 136, 131, 130, 122, 119, 116. (ESI 

Fig.9 to 12). 

  

  Synthesis of S2 

 

To synthesize  S2, took 0.01 M of 4,5-Diamino-6-

hydroxy-2-    mercaptopyrimidine and 0.01 M of 3-

nitro benzaldehyde in methanol solution after that 

refluxed this solution with stirring for 10 hours till 

whole amount of amine was consumed, a yellow 

color precipitate was occurred. 

Yield: (86%).  IR data (KBr, νmax/cm
−1

): O-H: 

3452, N-H 3361, Ar-H: 3327, C=N: 1614, C=C: 

1562, C-N: 1416, C-O: 1195. Anal.calc. for 

C11H9N5O3S: C, 45.36; H, 3.11; N, 24.04 ; O, 

16.48; S, 11.01, Found: C, 44.83 ; H, 3.05 ; N, 

24.89 ; O, 15.95 ; S, 11.14. UV-Visible (DMF, 

λmax/nm ) 374 nm (n - π*) and 286 nm (π - π*), 
1
H-

NMR Spectra: NMR (DMSO-d6, 500 MHz, 

δ/ppm): 12.06 (s, 1H), 11.92 (s, 1H), 9.76 (s, 1H), 

8.65 (s, 1H), 8.33 (d, 1H), 8.18 (d, 1H), 7.68 (t, 

1H), 6.98 (s, 2H). 
13

C-NMR (S2, DMSO-d6, 

100MHz, δ/ppm) 172, 157, 153, 149, 148, 140, 

134, 130, 124, 121, 102 (ESI Fig.9 to 12). 
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