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Abstract

In this study, 1H-pyrazole- azomethine based novel diazo derivative disperse azo dye was 

synthesized by a simple one-pot condensation reaction of 5-amino-3-methyl-4-phenylazo-1H-

pyrazole (2) and salicylaldehyde in 1:1 ratio.  This newly synthesized dye was characterized by 

elemental analysis and spectral techniques. The sensor properties of the SAG-1 was examined 

upon addition of the metal ions, such as Na+, K+,Mg2+, Ca2+, Sr2+ Al3+, Cr3+,  Mn2+, Cd2+, Co2+, 

Fe2+, Fe3+, Ni2+, Cu2+, Zn2+, Hg2+ and Pb2+. The interactions between receptor and ions were 

monitored by UV–Vis method. In addition, SAG-1-Ni2+ complex was investigated by UV-Vis 

spectroscopy with the detection of stoichiometry and binding constants of the complex. 

Keywords: Disperse azo dye, Ni2+, Organic sensor, Spectroscopic properties

1. Introduction

The synthesis of selective receptors for positively charged species began in 1978 with the first 

chromogenic compound synthesized by Vögtle et al. [1]. Recognition and detection of metal ions 

have become an active area due to their potential applications in various areas including 

environmental studies [2–4]. In sensor analysis, the use of organic ligand derivatives as sensor 

compounds in cations, anions or neutral metals is of great interest and many studies have been 

done [3].Ni2+ ion is a metal ion which is of secondary importance after Cu2+ metal ion in human 

life among various metal ions. Also, metallic nickel and its compounds are widely used in many 

fields in today's industry [5]. It is widely used in pigments, ceramics, electroplating and battery 

manufacturing. Detection of nickel is important because of its industrial applications and its 

toxicity at a certain level [6–9]. Among synthetic pigments, azo dyes are the most preferred dyes 

due to their dyeing quality. Particularly, the pyrazole group in their structure contributes to their 

useful properties[10]. The nitrogen groups and the unsaturated pyrazole ring in the structure can 

serve as a hard donor group and are of great interest as the coordination ligand for metal complex 

formation.  In addition to the behavior of the pyrazole structure as a ligand, derivatives having 
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different functional groups at the 4-position have also been shown to exhibit good antimicrobial 

properties[11,12]. Schiff bases are also important in sensor applications in modern coordination 

chemistry due to their well-known coordination capabilities [13]. The development of 

inexpensive, selective and simple sensors is particularly important for the environmental metal 

ions [14].

In this study, Schiff base derivative compound,2-[({3-methyl-4-phenyldiazenyl-1H-pyrazol-5-yl} 

imino) methyl] phenol (SAG-I), containing both pyrazole and the diazo group was synthesized 

and firstly the selectivity of the ligand to Ni2+ cation was determined and various spectrochemical 

properties were investigated. 

2. Experimental

2.1. Materials and methods

All solvents and chemicals were obtained from Merck, Sigma and Carlo Erba and are of analytical 

purity. All reactions were performed at ambient conditions (no inert atmosphere). Metal cation 

solutions were prepared using metal nitrate salts and dissolved in DMSO. Aqueous Tris solution 

(0.01 mol L-1) was used as a buffer solution to maintain pH (pH: 7.14) and ionic strength.1H-NMR 

and 13C-NMR spectra were obtained at NMR-Agilent 400/54 (400 mHz) in deuterated 

dimethylsulphoxide (DMSO-d6) utilizing tetramethylsilane (TMS) as the internal reference and 

chemical shifts were reported in ppm. Absorption spectra were recorded on PG T80 + high-

performance double beam spectrophotometer. IR spectra were measured with Perkin Elmer UATR 

two spectrophotometer in the range of 4000-400 cm-1 and direct analysis was performed with the 

ATR unit. Mass spectrum analysis was performed with LCMS/MS-Thermo TSQ Quantum Access 

mass spectrometer. Metal nitrate salts were used in the stock solutions of metal ions. 

2.2. Synthesis of ligand 

2.2.1 Preparation of 2-Phenylhydrazon-3-ketiminobutironitrile (1) and 5-amino-3-methyl-4-
phenylazo-1H pyrazole (2) 

The compounds, 2-phenylhydrazone-3-ketiminobutyronitrile (1) and 5-amino-3-methyl-4-

phenylazo-1H-pyrazole (2) were synthesized in two reaction steps according to the literature [9]. 

In the first step, the diazonium salt of the aniline was reacted with 3-amino crotono nitrile. In the 

second step, the compound (1) purified by crystallization, followed by refluxing with hydrazine 

monohydrate in ethyl alcohol for 4 hours to give the product.

2.2.2. Preparation of 3-methyl-4-phenylazo-5-(2'-hydroxybenzylidene)-1H-pyrazole (SAG-I) 
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In a 100 mL round-bottom flask, 0.5 g (2.5 mmol) of the pyrazole-diazonium compound (2) 

refluxed with 0.3 mL of salicylaldehyde in 30 mL of ethyl alcohol. The reaction was 

monitoredwith CH2Cl2: MeOH (1:1) solvent system. At the end of the reaction period, the solvent 

was evaporated and the resulting bright yellow product (SAG-1) was used without purification.

SAG -1 : Yield: % 82;  Melting point: 230°C ; 1H-NMR (400 MHz, DMSO-d6) δ: 2.66 (s, 3H, 

CH3), 6.93-7.49 (Ar–H), 7.89 (s, 1H, CH=N) 9.26 (br, 1H, OH), 13.54 (br, 1H, NH), 13C-NMR 

(xxx MHz, DMSO-d6 , 25 ◦C, ppm): δ 164.422 (C=N), 119.560, 119.787, 133.201, 130.485, 

62.266 (Ar-OH), 129.005, 129.415, 129.734, 122.003, 153.398 (Ar-N=N-), 147.260, 134.157, 

117.397 (pyrazole moiety), 58.21 (pyr-CH2), 11.76 (pyr- CH3),  IR ν (cm−1): 3422 (-OH), 3164 (-

NH (pyrazole)), 3056, 3033 cm-1 (Ar-H), 2922, 2852 cm-1 (Aliphatic C-H), 1610 (CH=N), 1573 

(C=N (pyrazole)), 1503 (N=N), 1469 (C=C (pyrazole)).

2.2.2. UV- Vis selectivity experiment

The change in the absorption properties of the SAG-1 receptor was investigated after the addition 

of different metal cation nitrate salts (Na+, K+, Mg2+, Ca2+, Sr2+,  Al3+, Cr3+, Mn2+, Cd2+, Co2+, 

Fe2+, Fe3+, Ni2+, Cu2+, Zn2+, Hg2+and Pb2+).SAG-1 (0.01 mmol) was dissolved in DMSO (1 mL) 

and 0.012 mL of the SAG-1 (10-3 M)  were diluted with 2.988 mL tris buffer ( 10 mM, pH 7.14)  

to a final concentration of 4.10-5 M. The metal cations were dissolved in tris buffer and were 

added to the receptor compound as 1 equivalent separately and the absorption values were 

recorded after 10 minutes at room temperature[15].

2.2.3. UV-Vis titration measurement of Ni2+ and pH effect

UV-Vis titration measurements were also measured by adding (0-5 eq) Ni(NO3)2.6H2O at 

increasing concentrations to the receptor solutions prepared at the above concentrations. The effect 

of pH on SAG-1 and SAG-1-Ni2+ was investigated in the range of pH 2-12 and monitored by the 

absorption spectrum. The pH of the solutions was adjusted using concentrated NaOH and HCl 

solutions and the pH was measured with a pH meter.

2.2.4. Job’s plot measurement

The stoichiometry of the SAG-1-Ni2+ complex was determined by the Job Method. SAG-1 (0.01 

mmol) and Ni(NO3)2 (0.01 mmol) were dissolved separately in DMSO and trisbuffer (1 mL). 0.15 

mL of SAG-1 solution was diluted with 29.85 mL of tris buffer (10 mM, pH 7.14) to form a 

concentration of 10-4 M. The Ni(NO3)2 solution was diluted in the same manner. 5, 4.5, 4, 3.5, 3, 
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2.5, 2, 1.5, 1, 0.5 and 0 mL of SAG-1 solution were taken and transferred to test tubes. 0, 0.5, 1, 

1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 mL of Nickel solution were added to each solution separately. The 

total volume of each solution is 5 mL. After shaking the solutions in test tubes for a few minutes, 

UV-Vis spectra were taken at room temperature. The possible structure of the SAG-1-Ni2+ 

complex was also determined by mass spectroscopy. The possible structure of the metal complex 

is given in Scheme 2.

2.2.5. Recognition reversibility test

Recognition reversibility is an important requirement in sensor compounds. In our study, the 

reversibility between SAG-1 and Ni2+ was tested. For this purpose, wavelength scans of SAG-1 

(6.10-5 M), SAG-1-Ni2+ (1 equiv.) and SAG-1-Ni2+-EDTA (1 equiv.) solutions were prepared and 

comparative UV-Vis spectrums were obtained respectively (Figure 4) [16].

2.2.6. Binding studies

Determination of the binding constant spectrophotometrically is possible with the Job method[17–

19]. In this method, SAG-1 (0.01 mmol) and Ni(NO3)2.6H2O (0.02 mmol) were dissolved 

separately in DMSO and tris buffer (1 mL, 10 mM, pH: 7.14). 0.15 mL of SAG-1 solution was 

diluted to 10 mL with tris buffer to a final concentration of 10-4 M. The same dilution was applied 

to the metal salt.  Mole fractions of SAG-1 and nickel concentrations were changed but the total 

concentrations were kept constant and then the absorption spectrum of the fractions was collected. 

The receptor and metal salt solution were mixed in the test tubes at a total volume of 5 mL and 

then measured at room temperature after 10 minutes. It is difficult to get an exact equation for 

many binding mechanisms other than 1:1 complex. The binding constant of the metal complex at 

2: 1 was calculated using the equation given below.[20]

Ni2+ + SAG-1 (SAG-1)2Ni           (1)

Binding constant equation and fraction of the ligand that participates in the complex are shown 

Eqs (2) and (3). 

           (2)𝐾 =  
[(𝑆𝐴𝐺 ― 1)2]𝑒

[𝑁𝑖]𝑒[(𝑆𝐴𝐺 ― 1)]2
𝑒
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The subscript e is used for the expression of equilibrium concentrations of the components in the 

equation. The equilibrium ratio between complex and the initial concentration of SAG-1 can be 

derived from the absorbance of the receptors at a selected wavelength when the system is in 

equilibrium. Au, Am and Ac are the absorbance values of Ni2+ solutions (Au: before adding Ni2+, 

Am: During titration, Ac: At saturation). The obtained derivation equation is given in Eq. (3) and 

(4).

Fc= (3)
𝐴𝑢 ― 𝐴𝑚

2𝐴𝑢 ― 2𝐴𝑐

K =                                                (4)
𝐹𝑐

2[𝑆𝐴𝐺 ― 1]0[𝑁𝑖2 + ](1 ― 𝐹𝑐)2

3. Results and discussion

3.1. Synthesis of receptor

In this study, the receptor compound SAG-1 which is containing N and O donor groups as a 

coordination site was synthesized by the one-step condensation reaction of 2-phenylhydrazone-3-

ketiminobutyronitrile (1) and 5-amino-3-methyl-4-phenylazo-1H pyrazole (2) and salicylaldehyde 

in ethyl alcohol. The synthesis reaction is given in Scheme 1. The synthesized compound (SAG-1) 

was characterized by spectroscopic methods such as IR, 1H-NMR,13C-NMR.

3.2. Spectroscopic and selectivity studies

As mentioned above, the SAG-1 receptor comprises an aniline-type donor moiety which is a 

pyrazole heterocyclic group and is attached to the azo linker, exhibiting π-electron delocalization 

on the chromophoric system. The FT-IR spectrum of the ligand showed -OH peak at 3422 cm−1 

and pyrazole-NH peak at 3164 cm-1 (1573 cm-1  pyrazole C=N, 1469 cm-1  pyrazole C=C), Schiff 

base imine (CH=N) peak at 1610 cm-1 and diazo group -N=N- at 1503 cm-1. In the spectrum of the 

complex, significant changes and shifts were observed in the peaks of the ligand OH, pyrazole NH 

and imine groups. This result gives us an idea about the possible binding region of Ni2+. The 

overlapping IR spectrum of the ligand and complex is shown in Figure 7. When the Ni2+ metal 

sensor ligands in the literature are examined, it is emphasized that the selectivity in derivatives 

carrying imine, pyridyl and hydroxyl groups increases for Ni2+ ion [21].  The solution of light 

yellow SAG-1 (4.10-5 M) in DMSO was found to absorb maximal absorbance at 365 and 334 nm, 
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which corresponds to the π –π * transition (Figure 1a). The spectroscopic measurement after the 

addition of the metal salts (Na+, K+, Mg2+, Ca2+, Sr2+, Al3+, Cr3+, Mn2+, Cd2+, Co2+, Fe2+, Fe3+, 

Ni2+, Cu2+, Zn2+, Hg2+ and Pb2+)was showed a new band at 472 nm that belonged metal complex 

between the receptor and Ni2+. This new band at 472 nm has a molar coefficient (ɛ) of 3,9.103 M-

1cm-1. This value is very large for Ni-based d-d transitions, so it can be argued that the new peak 

belongs to a ligand-metal charge transfer complex (LMCT) [15,22]. The binding property of SAG-

1 with Ni2+ was also studied by the UV-Vis titration experiment. It was observed that the 

maximum absorbance value at 472 nm increased gradually as a result of the addition of Ni2+ 

solution at increasing concentrations on the receptor (Fig. 1b). The result shows that a stable 

complex was formed between SAG-1 and Ni2+. The graph of the Job method for determining the 

complex stoichiometry was shown in Figure 2. Job’s graph shows us that the molar fraction 

between SAG-1 and Ni2+ is 2:1 ratio[20,23]. The resulting complex structure was also accurately 

determined by mass spectroscopy. According to the peak value of LCMS/MS m/z = 689.02, the 

possible structure was found to be [(2SAG-1-Ni2+)+Na]+(calculated m / z = 689.71) (Fig. 3).

In order to investigate the reversibility of complexation with Ni2+ ion, EDTA titration experiments 

were performed. Absorbance was significantly reduced when EDTA is added to the SAG-1-Ni2+ 

solution (v:v 1:1, pH: 7.14) in DMSO containing SAG-1 and Ni2+, while re-addition of Ni2+ion 

may recover the absorbance signal (Fig. 4).

In this study, the effect of pH on the absorption of SAG-1 and SAG-1-Ni2+ was investigated with a 

series of solutions between 2-12 and the graph in Figure 5 was obtained. It can be thought that this 

result may be due to the fact that the compound may show different tautomeric structures [24]. A 

colorimetric detection study was also performed for the SAG-1-Ni2+ compound. When the Ni2+ 

solution was added to the yellow SAG-1 receptor, the color change showed us that the compound 

responded with chromogenic and the metal could be detected with the naked eye (Fig. 1c). It was 

examined whether the response of SAG-1 ligand to Ni2+ underwent any changes in the presence of 

other metal ions. As a result, SAG-1-Ni2+ absorption was not significantly affected by the 

presence of any of the other metal ions.

Numerous conventional methods are used to calculate the binding constants. These methods are 

based on experimental measurements by analytical signals from the metal complex system and 

graphical representation of signal data. Since the evaluation of the curves obtained in these graphs 

depends on many components, the accuracy of the results cannot be guaranteed statistically. In 
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this section, the binding properties of the reversible complex formed by Ni2+ ion with SAG-1 were 

investigated. For this purpose, the absorbance values at 472 nm versus the concentration ratio of 

Ni2+/SAG-1 were plotted. The absorbance curve showed a sigmoidal curve at a concentration at 

0,5 (Figure 1b inset). The Ni2+ titration indicated that a 2: 1 complex formed between SAG-1 and 

Ni2+. The binding constant of this complex was calculated by using the absorbance at 472 nm with 

the equations described in the experimental section and was found to be 5.1.109 M-2 [25–27].

4. Conclusions

Heterocyclic benzothiazole containing a diazo unit at its side chain was synthesized and evaluated 

as chemosensor based on imine core for a series of transition metal cations (Na+, K+, Mg2+, Ca2+, 

Sr2+,  Al3+, Cr3+, Mn2+, Cd2+, Co2+, Fe2+, Ni2+, Cu2+, Zn2+, Hg2+, and Pb2+). From the spectroscopic 

titrations in the DMSO-Buffer solution, it was found that the tested compound could sense the 

presence of Ni2+. The spectroscopic results obtained suggest that this synthesized compound can 

be used for the detection of Ni2+ in the DMSO solution.
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Scheme and Figure Captions

Scheme 1: Synthesis of SAG-1

Scheme 2: Proposal SAG-1-Ni2+ complex structure.

Figure 1: a) Absorption change in the presence of various metal ions in tris buffer (4.10-5 M, pH 
7.14) of SAG-1 b) Uv-Vis spectra of SAG-1 absorption due to increased Ni2+ concentration (0-5 
eq.) c) Color change of SAG-1 (40 µM) upon addition of various metal ions (1equiv.) in tris buffer 
( 10 mM, pH 7,14) 

Figure 2: Job plot of SAG-1 and Ni2+. The total concentration of Ni2+ with SAG-1 was kept at 
1.10−4 M. Absorbance at 472 nm was plotted as a function of the mole fraction of Ni2+.

Figure 3: Mass spectrum of ([SAG-1]+[Ni2+])

Figure 4: The variation in UV-Vis spectra of ([SAG-1]+[Ni2+]) upon addition of EDTA

Figure 5:Variation in absorption (472 nm) of SAG-1 and SAG-1-Ni2+ at various pH values in the 
DMSO solution.

Figure 6: a) Interference responses of SAG-1 with Ni2+ (40 µM) and other metal ions (80 µM) in 
tris buffer (10 mM, pH 7,14) b) Absorption spectral change of SAG-1 in the presence of other 
metal ions.

Figure 7: The overlapping FT-IR spectrum of the SAG-1 and SAG-1-Ni2+complex.
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          Fig.7

 Research highlights:

 Preparation of 3-methyl-4-phenylazo-5-(2'-hydroxybenzylidene)-1H-pyrazole (SAG-I) has 
been synthesized.

 Chemosensor (SAG-1) shows selectivity and can be used for the detection of Ni2+ in the 
DMSO solution.

 The binding constant of the complex has been calculated via Job plot graphic.
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