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Abstract---At the current work, the substrate phenyl hydrazine 

reacted with selected thiophene-2-carbaldehyde in absolute ethanol 

and a few drops of glacial acetic acid to give 1-phenyl-2-(thiophen-2-

ylmethylene) hydrazine (PTMH) as a selective and sensitive reagent. It 

was synthesized and studied to determine cobalt spectroscopy in the 
following detail:   at a pH value of 6.0, which greatly increased the 

selectivity, Co(II) reacted with (PTMH) to form a 1:2 complexes, with 

absorption peaks at 386 nm for cobalt. Under the optimal conditions, 

Beers law was obeyed over the ranges of (0.145.8ـــ) mg/L. The 

apparent molar absorptivity and Sandell’s sensitivities were 

7.1360×104 L.mol-1.cm-1, and 8.2585×10-4  µg.cm-2. The detection 
limits were found to be 0.0133 and the limit of quantification is 

0.0466. 
 

Keywords---optimal conditions, 1-phenyl-2-(thiophen-2-ylmethylene) 

hydrazine (PTMH), spectrophotometry. 
 

 

Introduction 
  

Schiff bases were first prepared by the German scientist Hugo Schiff from the 

condensation of aliphatic or aromatic primary amines and some amino acids with 
aldehydes and aliphatic or aromatic ketones (carbonyl compounds)[1]. Schiff bases 

are characterized by being colored crystals (often yellow) as a weak base that 
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decomposes with water and strong acids to form carbonyl compounds and 

amines.[2] This name has been given to organic compounds containing an imine 

group or what is known as azomethine group, which consists of a carbon atom 
bonded to a double bond with a nitrogen atom (C = N)[3]. The methods used to 

prepare the bases depend on the different nature of the substances involved in 

their preparation, the reaction conditions and the type of solvent used, obtaining 

a product with a high percentage that is distinguished by its high purity[4]. Schiff 

bases are prepared from direct condensation by reacting equivalent molar 

amounts between an aldehyde and a ketone (aliphatic or aromatic) in a suitable 
solvent (absolute ethanol, dry ether or cyclohexane) and the reaction conditions 

depend on the nature of the reactants. To form (hemiaminals) or so-called 

(ammonies aldehyde).which in turn disintegrates into Schiff base as showed in 

Scheme 1 [5]. The properties and stability of Schiff bases mostly depend on the 

carbonyl compounds as well as on the type of amines, whether aliphatic or 
aromatic. Both ends of the azomethine group[6]. Its solubility in water or solvents 

depends on the nature of its constituent groups[7]. For example, its solubility in 

water increases when it is derived from sugars because it contains hydroxyl 

groups[8]. While the bases prepared from aliphatic derivatives are distinguished by 

their liquid state. Compounds derived from ammonia are unstable because they 

react with each other and form polymers[9]. 
 

 Schiff's rules have many applications in the field of analytical chemistry. They 

have been used in quantitative and qualitative analysis because they are colored 

kellite complexes with transition metals in most cases[10]. In industry, they act as 

accelerators to strengthen rubber[11]. In the field of polymer science, it is used to 
catalyze various condensation polymers[12] . They were used as pesticides in the 

agricultural field due to the presence of active groups such as chlorine and azo in 

different types of these compounds. Organophosphorous pesticides are one of the 

most important groups of pesticides[13]   .Cobalt is one of the elements of the first 

transition series, has the next outer electron arrangement 3d74s2 and has the 

ability to form colored complexes in which the five d orbitals are partially filled 
with electrons[14] . 

 

 
Scheme 1 Condensation Reaction Method of Schiff base 

 

Experimental 
 

Instrumentation 

 

All chemicals, solvents, and reagents were obtained from commercial sources 

from the Merck and MACLIN chemical businesses, and were used without 
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additional purification for this research. Thin layer chromatography (TLC) was 

used to monitor the reactions. A Stuart SMP 30 electric filament melting 

equipment was used to record the melting points. On a SHIMADZU FTIR-8400S 

infrared spectrophotometer, Fourier transform infrared (FTIR) was recorded as 
potassium bromide discs. INOVA nuclear magnetic resonance spectrometry (500 

MHz) was used to measure 1H NMR spectra using DMSO-d6
 as the solvent and 

tetramethylsilane (TMS) as the internal standard. . An Agilent Technology (HP) 

5973 mass spectrometer was used to collect the data. pH-meter, 

InoLap,WTW,135i, Germany. 
 

Synthesis of 1-Phenyl-2-(thiophen-2-ylmethylene)hydrazine [1] 

 

In a round-bottom flask with a capacity of 100 mL immersed in a water bath, put 

(0.01 mole, 1.0841 g) of (phenyl hydrazine) dissolved in 20 mL of absolute 

ethanol, to which it was gradually added with constant stirring (0.01 mole, 1.1215 
g) of thiophene-2-carbaldehyde  dissolved in 15 mL ethanol, 3 drops of glacial 

acetic acid were added as  catalyst, mixing reaction  with stirring (Reflux) for 10 

hours at a temperature at 60 oC , where the reaction was followed up using thin 

layer chromatography (TLC) using a mixture of solvents (hexane: ethylacetate) at a 

ratio of (1:3). Following the interaction, the mixture was allowed to dry in the air 

for 24 hours at ambient temperature, washed with methanol, and recrystallized 
with 100% ethyl alcohol, and it was discovered that a precipitate (yellow) was 

generated at a percentage of (69%) with a melting point of (134-136) oC. 
 

   Scheme  2 Preparation of the Schiff base 

 
Preparation Of The Buffer Solution 
 

The buffer solution was created by dissolving (0.7708 g, 0.01 mole) ammonium 

acetate in 1000 ml distilled water and adding concentrated ammonia or 

concentrated acetic acid solution to create a wide range of acid functions between 
(pH = 4-12). 

 

Cobalt(II) Determination Procedures 
 

A set of 10 mL volumetric were taken, and 1mL of metal ion solution was placed 

in them with 1  mL  of the reagent (PTMH) solution both at a concentration of 
(1×10-3M) and the volume was supplemented by absolute ethanol to be the final 

concentration (1×10-4M)  , and then a spectroscopic survey of this solution was 
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made in the ultraviolet and visible region and within the range (200-800 nm). 

Against blank solution, using 1 cm thick quartz cells. 

 
Results and Discussion 
 

Study of FT-IR Spectra for Schiff Base 
 

Figure 1 depicts the synthesized ligand's major infrared spectral bands. The 

spectrum of free ligand showed a peak at (3323 cm-1( assigned for secondary 
amines[15], the band at (3099 cm-1) attributed to  (C–H) of thiophene ring, and the 

appearance of absorption bands at (3028 cm-1) assigned for (C-H)[16] aromatic. 

And the emergence a peak band at (1598 cm-1) assigned ,for azomethine group 

(C=N)[17], and showed a peak at (1533, 1504 and 1485 cm-1) assigned for (C=C)[18] 

benzene . 
 

Magnetic Resonance Spectrometer 
 

1H-NMR spectra of the Schiff Base (PTMH) 
 

Figure 2 show the 1H NMR spectra of ligand were recorded in DMSO-d6 solvent 
using TMS as standard. The signal at (10.36 ppm) were attributed to one proton 

of the amine group, the single band at (8.09 ppm) to proton azomethine group 

(N=CH), the multiple bands at (7.44 to 7.00 ppm) assigned to five protons of 

aromatic ring, the multiple peaks at (6.98 to 6.72 ppm) attributed to three 

protons of thiophene ring, the band at (3.38 ppm)[19] for H2O, while the peak at 
(2.50 ppm) associated to the solvent (DMSO-d6)[20]. 

 
13C-NMR Spectra of Ligand (PTMH) 
 

Figure 3 show the ligand spectrum, one carbone of the azomethine group (C=N) is 

represented by the signal band at (145.0 ppm), the (140.9 ppm) signal band 
belongs to one carbon in the benzene ring that is linked to nitrogen (C-N), the 

multiple band at (131.9, 127.5, 126.5, 125.6 ppm) and (129.0, 121.6, 118.7, 

114.4, 111.8 ppm) belongs to carbons thiophene and aromatic ring, respectively. 

The single band at (39.5ppm) related to solvent (DMSO-d6)[21]. 
 

Mass Spectrum 
 

The mass spectrometry of the prepared ligand was measured and shown in Figure 

4 showing a clear absorption of the metal ion (M+= 202.0), which corresponds to 

the proposed formula for the prepared ligand (PTMH).  

 
Absorption Spectra 
 

“UV-Visible Spectrophotometry” : The UV-Vis spectra of the solid Cobalt complex 

solution in ethanol showed absorption peaks. A considerable difference exists 

between the maximum values of the ligand (PTMH) and the complex [Co-PTMH] 

formed by a red shift. as depicted in Table 1 and Figure 5. 
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Table.1  The “electronic transitions” of (PTMH)ligand and complex[Co-PTMH] 

 

Molecular-formula λmax(nm) Wave number(cm-1) type of Transition 

C11H10N2S2 344 

243 

224 

29069 

41152 

44642 

n→π* 

→* 

→* 

[Co(C11H10N2S2)Cl2 386 

300 

252 

25906 

33333 

39682 

CT 

n→π* 

→* 

 

 
Fig. 5  The “UV-Vis spectrum” of ligand(PTMH) and complex[Co-PTMH]. 

 

Optimization of reaction conditions 

 

pH effect  
 

In a 10 mL flask  set, 1 mL of cobalt  ion solution of concentration (1 ×10-3 M) was 

poured with 1 mL of   the ligand concentration (1×10-3M) and the volume and the 
volume was  filled with buffer-solution by adjusting the pH value from pH range = 

4-11. After mixing 1 ml of cobalt ion with 1 ml of the ligand and adjusting the 

acidic function with the extent of the absorption log at  the largest cobalt wave-

length, we notice an increase in the absorption values at pH = 6 and then return 

to the decrease due to the appearance of unstable groups of cobalt ion, as shown 
in the figure.6 

 

 
Fig6. Effect pH value 
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Studying Effect of the ,Reagent  

 

Concentration 
 

A group of volumetric bottles with a capacity of 10 mL was taken, in which was 

placed 1mL of metal ion solution at a concentration (1x10-3M), then different 

volumes of ligand solution were added at a concentration(1x10-3M) ranging 

between (4-0.4 mL) and completed the volume by the function The optimal acidity 

of each complex as show in figure.7 which shown that the concentration of the 
ligand (PTMH) has an influence. The behavior of the  detector ,in this study is 

similar to what researchers found in other spectroscopic studies[22]. 

 

 

 
Fig.7 Effect of ligand concentration 

 

The Effect of Time 
 

figure. 8 shows the adsorption of ionic compound of cobalt which were formed 

under optimal conditions, with the result that the complexes were approximately 

stable for 90 min. The findings of this investigation revealed that the produced 
ligand, like other reagents used in spectroscopy of other ions, may be utilized to 

detect the amount of these ions[16]. 

 

 
Fig.8 time has an effect on stability, of the Co+2 complex 
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Effect of the Temperature  
 

The stability of the chemical may be affected by temperature, so the effect of 

temperature (10-80)OC was studied in the optimal conditions as in figure.9 
 

 
Fig. 9 The effect of temperature on the complex's stability. 

 

The absorption values of the complexes reach their peak and offer the optimum 

absorption value at a temperature between (10-25) OC, and subsequently drop 

with increasing temperature, as shown by the practical findings. The cause for 
this is owing to the complexes' limited stability or their disintegration at high 

temperatures [23]. 

 

Studying the Calibration Curve 
 

A group of 10 mL volumetric bottles was taken and 1 mL of metal ion solution 

with different concentrations was placed in them (1x10-35-10×1ــــM) for  the cobalt 

ion, which is equivalent to ( 0.145.8ـــ) mg/L for CO2+, then the best concentration 

of each ligand was added to it and the volume was completed with the best pH 

function for each complex, then the absorbance was measured for all solutions. 

The calibration curve follows Lambert-equation Beer's for a range of 
concentrations of (0.14ــ   μg/mL) for Co2+. As shown in tables 2 the approach is 5.8ـ

quite sensitive and may be used to detect metals at low concentrations   and 

figure. 10 for cobalt complexes. 

 

 
Fig.10 Calibrationlcurve of (Co-PTMH) complex. 
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Table.2. construction of calibration curve of (Co-PTMH complex.) 

 

 [Co-PTMH]  

Conc. ppm 

Regression 

Equation 

Slope ε 

(L.mol.-1.cm-

1) 

R2 S 

(µg.cm-2) 

L.O.D 

ppm 

L.O.Q 

ppm 

 +0.0431x 5.8ـــ0.14

0.1751 

0.0431 7.136×10+4 

 

0.999

5 

8.2585×10-4 

 

0.0133 0.0466 

 

Studying Stoichiometry of the Composition Complexes 
 

The stoichiometric of the cadmium complex was found using two methods : 
 

Job, method Use various metal ion (0.5-4 mL) and ligand (0.5-4 mL) sizes to 

obtain the metal ion to ligand ratio (1:2) (M:L) as indicates Figure 11. 

 

Mole rate method A constant and known concentration of Cobalt  ion  was utilized 

with varying concentrations of ligand (0.5×10-4- 4×10-4 M) to determine the metal 
lion to ligand ratio, and the study results revealed that the ratio is (1: 2) (M : L)  as 

shown figure.12 

 

 
Fig.11 Job, method of complex Co(Ⅱ) 

 

 
Fig.12 molar ratios of complex: Co(Ⅱ) 
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Study the stability calculation of the (Co-PTMH) complex 

 

Table.3. shows the absorption values (As) and (Am) of the cobalt complex, as well 

as the values of each (α), (Kst), and (Kinst) 
 

Thesdetermination 

metal ion 

Ass 

Value 

Ams 

Value 

α Kst smol.L-1 Kinst sL.mol-1 LogsKst 

Co (II) 0.3952 

 

0.6398 

 

0.3822 

 

724803124 

 

1.37969×10-

9 

 

8.86022 

 

The results of molar ratios show how stable the cobalt complex is by figuring out 

how much dissociation and how long it stays together. 
 

Study the determination of “thermodynamic function” to complexes 

formation 
 

The "thermodynamic functions ΔH, ΔG, and ΔS" were calculated, and the results 

are shown in table 4 and figure 13. 

Slope=
−ΔH

2.303 R
---------------------(1-1) 

ΔG=-RT ln kst---------------------(2-1) 
ΔG= ΔH-T ΔS--------------------(3-1) 

 

Table.4. The influence of temperature on the (Co-PTMH) complex's 

thermodynamic function 

 

T (K) 1/T iK-1 Logi  Kst (-ΔHo) 
 (K. iJ/mole) 

(-ΔGo) 
(K.Ji/mole) 

(-ΔSo) 
(K.Ji/mole . 

K) 

288 0.003472 8.86022  

 

0.004099 

 

48.84979 0.169603 

298 0.003356 8.84337 50.44984 0.169281 

308 0.003247 8.817419 51.98977 0.168785 

318 0.003145 8.788492 53.50165 0.168231 

328 0.003049 8.776161 55.10666 0.167996 

338 0.002959 8.752413 56.63308 0.167541 

 

 
Fig.13 Relation ship of Log Kst and 1/T of (Co-PTMH) complex. 
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Precision 
 

The standard deviation and relative standard deviation of the complexes formed 
were calculated, and the table5 shows the values obtained based on five readings 

for each complex with three different concentrations. 

 

Accuracy 
 

Calculating the relative error (percent Erel) and the recovery ratio (percent Re) of 
the complexes produced, as shown in the time table6, was used to tune the 

analytical spectroscopic approach. 

 

Table 5. Standard deviation values and percentage standard deviation 

 

Comp. of  ion Conc. Of ion 
(µg/mL) 

S.D R.S.D% 

 

Co (II) 

0.29 0.00103 0.5594 

0.58 0.00145 0.7244 

4.4 0.00179 0.4880 

 

TABLE 6. The pre-processing ratio of ligand  complexe  and the relative 

percentage erro 

 

Complexiion Analytical value 

(µg/mL) 

di %Ereal   %Re 

 
[Co-PTMH] 

0.29 -0.051 -0.175 99.82 

0.58 0.032 0.056 100.056 

4.4 0.057 0.012 100.012 

 
Conclusion 
 

Briefly, the base compound Schiff 1-phenyl-2 (thiophene-2-ylmethylene)hydrazine 

was prepared, because it is an economical and easy to prepare compound in the 

laboratory. It was used as a ligand that reacts with a cobalt ion to form a colored 

complex. The proposed method is very simple and sensitive for cobalt 
determination, because of the stability of the formed compound over two hours, 

which consists of the reaction of the metal ion with the reagent, low consumption 

of the reagent, removal of analytical error, reduced interference and statistical 

analysis, all these things make this method sensitive for cobalt determination.  
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Fig. 1: Show FT-IR spectra for ligand 

 

 
Fig. 2: Show 1HNMR spectra for ligand 
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Fig. 3: 13CNMR Spectra of ligand 

 

 
Fig. 4: Mass spectra of ligand 
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