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Abstract: A chelating agent, 4-benzyloxybenzaldehyde-4-methyl-3-thiosemicarbazone 

(BBMTSC), containing sulphur and nitrogen donor atoms was synthesized and applied as  

a ligand for the chelation of Cd(II). Both the BBMTSC and its Cd(II) complex were 

characterized by elemental analysis, UV-Vis absorption spectra, Fourier transform infrared 

spectroscopy (FT-IR), mass spectra, nuclear magnetic resonance spectroscopy (NMR),  

X-ray powder diffraction (XRD), and field emission scanning electron microscopy 

(FESEM). The FTIR spectra confirmed the formation of both BBMTSC and its Cd(II) 

complex. XRD revealed the polycrystalline nature of the synthesized compounds. BBMTSC 

exhibited a flake-like micro-rod morphology, whereas the Cd(II) complex had a flower-like  

nanorod structure. 

Keywords: ligand containing sulphur and nitrogen donor atoms; 4-benzyl-

oxybenzaldehyde-4-methyl-3-thiosemicarbazone (BBMTSC); 4-benzyloxybenzaldehyde; 

4-methyl-3-thiosemicarbazide; Cd(II) complex of BBMTSC 

 

1. Introduction 

Considerable focus has been directed towards the use of chelating agents containing sulphur and 

nitrogen in analytical and structural studies of metal complexes. The chelating agents containing sulphur 
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have wide applications due to the strong nature of the electron-donating property. The presence of 

nitrogen and sulphur in chelating agents causes a decrease in solubility of the complexes and allows the 

complex to be isolated from the solution. Thiosemicarbazones have a unique place among chelating 

agents containing sulphur and nitrogen atoms. These chelating agents form complexes with many metal 

ions by bonding with thionate sulphur and hydrazine nitrogen atoms [1]. Recently, many authors have 

reported the complexation of thiosemicarbazones with several metal ions [2–8]. 

Cadmium is a bluish-white, malleable and ductile divalent metal. Cadmium is considered for many 

engineering applications due to its corrosion-resistance properties. Cadmium has been used in batteries 

(along with nickel), electroplating and in nuclear fission reactions as a barrier to control neutrons [9]. 

The toxic nature of cadmium, however, has restricted its use. Intestinal damage has been observed in 

rats given cadmium orally [10] and acute administration of cadmium has adverse effects on the spleen 

of rats [11]. The major exposure pathways of cadmium to human beings are the consumption of liver 

and kidney meat and cigarette smoking. Evidence exists for the association of cadmium levels and sex 

hormones in adult males [12]. The toxic nature of cadmium forces that it is essential to determine its 

concentration in environmental samples. 

This paper describes the synthesis of a new ligand, 4-benzyloxybenzaldehyde-4-methyl-3-

thiosemicarbazone (BBMTSC), which was used as a ligand to chelate with Cd(II). Both the ligand and 

its Cd(II) complex were characterized by elemental analysis, UV-Vis absorption spectra, Fourier 

transform infrared spectroscopy (FT-IR), mass spectra, nuclear magnetic resonance spectroscopy 

(NMR), X-ray powder diffraction (XRD), and field emission scanning electron microscopy (FESEM). 

2. Experimental 

2.1. Reagents 

All chemicals used in this study were of analytical grade. The 4-Benzyloxybenzaldehyde and  

4-methyl-3-thiosemicarbazide (Sigma-Aldrich, Products of Steinheim, Germany, 97%), and cadmium 

acetate dihydrate (Daehung, Daegu, Korea, 98%) were used for the synthesis of BBMTSC and its Cd(II) 

complex. A Fisher-scientific stirrer (Fisher Scientific, Dubuque, IA, USA) with a hot plate was used for 

stirring and heating the reactants. 

2.2. Synthesis of 4-Benzyloxybenzaldehyde-4-Methylthiosemicarbazone (BBMTSC) 

BBMTSC was synthesized by refluxing an ethanolic solution containing 2.1224 g of  

4-benzyloxybenzaldehyde (Molecular Weight 212 g) and 1.0516 g of 4-methyl-3-thiosemicarbazide 

(Molecular Weight 05.16 g) for approximately 4 h 30 min in a round bottom flask. The  

light-yellow-colored product obtained (yield, 82%) was separated by filtration and dried. The product 

was recrystallized from ethanol. The synthesis of BBMTSC is presented in Figure 1. 
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Figure 1. Synthesis of BBMTSC. 

2.3. Preparation of the Cd(II)-4-Benzyloxybenzaldehyde-4-Methylthiosemicarbazone Complex 

First, 100 mL of a hot ethanolic solution of 0.002 M BBMTSC (0.06 g in 100 mL) and 100 mL of  

an ethanolic solution of 0.001 M Cd(II) (0.0266 g of cadmium acetate dihydrate in 100 mL) were heated 

under reflux for 3 h and 30 min at 55 °C and cooled to room temperature. Subsequently, the above 

solution was filtered to obtain the Cd(II)-BBMTSC complex (yield, 73%). The complex was dried and 

characterized using a range of analytical techniques. Figure 2 shows the tentative structure of the Cd(II) 

complex of BBMTSC.  

 

Figure 2. Structure of the Cd(II) complex of BBMTSC. 
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2.4. Characterization with Elemental Analysis, FT-IR, Mass Spectra, NMR, XRD and SEM 

Elemental analyses (N, C, H and S) of both BBMTSC and its Cd(II) complex were recorded on a 

Thermo Scientific elemental analyzer (Thermo Eager 300 Flash EA1112, Waltham, MA, USA).  

UV-Vis absorption spectra of BBMTSC and its Cd complex were recorded on a Cary 5000 UV-Vis-NIR 

spectrophotometer (Agilent, Santa Clara, CA, USA). HRFAB mass spectra were recorded on a JMS 700 

mass spectrometer (JEOL, Tokyo, Japan). The 1H NMR spectral data were recorded on a  

NMR-vnmrs 600 instrument (Agilent, Santa Clara, CA, USA). The FT-IR spectra were recorded on a 

Nicolet FT-IR 560 Magna spectrometer. Powder XRD (PAN analytical X’Pert PRO, Boulder, CO, USA) 

was carried out using CuKα (0.154056 nm) radiation at 40 kV and 30 mA. The data was collected 

between 10° and 60° 2θ with a step size of 0.02°. The morphology of the powder was examined by 

FESEM (S-4200, Hitachi, Tokyo, Japan). An ultra-thin layer of platinum was sputter-coated (E-1030 

Ion Sputter, Hitachi, Japan) on the powder sample surface to improve the conductivity during the 

FESEM measurements. 

3. Results and Discussion 

3.1. Characterization of BBMTSC and Its Cd Complex 

The synthesized ligand, BBMTSC, and its Cd(II) complex were characterized by elemental analysis, 

UV-Vis absorption spectra, FTIR spectroscopy, Mass Spectra, NMR, XRD, and SEM. 

3.1.1. Elemental Analysis 

The elemental analysis reports of BBMTSC and its Cd complex are presented in Figure 3a,b.  

The calculated data for BBMTSC (C16H17N3SO), (C, 64.21%; H, 5.68%; N, 14.04%; S, 10.70%) is in 

good agreement with the experimentally found data (C, 64.39%; H, 5.69%; N, 13.70%; S, 10.43%) to 

the above proposed formula for BBMTSC. The calculated data for the Cd complex of BBMTSC 

(C32H34N6O2S2-Cd), (C, 54.05%; H, 4.78%; N, 11.82%; S, 9.00%) was also found in good agreement 

with the experimentally determined data (C, 51.57%; H, 4.18%; N, 10.98%; S, 7.94%). 

 

(a) 

Figure 3. Cont. 
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(b) 

Figure 3. Elemental analysis reports of (a) BBMTSC and (b) Cd(II)-BBMTSC. 

3.1.2. UV-Vis Absorption Spectra 

The absorption spectrum of the Cd(II)-BBMTSC complex was recorded against the reagent 

(BBMTSC) blank. The absorption spectra of the BBMTSC and its Cd complex are shown in Figure 4. 

The obtained spectra revealed that the Cd(II)-BBMTSC complex and BBMTSC have maximum 

absorbance at 380 and 350 nm, respectively. The BBMTSC has minimum absorbance at the maximum 

absorbance of its Cd complex and confirms the complexation between BBMTSC and Cd(II). 

 

Figure 4. Absorption spectra of BBMTSC (against solvent blank) and Cd-BBMTSC (against 

BBMTSC). BBMTSC = 2.8 × 10−3 M; Cd-BBMTSC = 5.62 × 10−4 M. 

3.1.3. FT-IR Analysis 

FT-IR spectral data of BBMTSC is as follows: C=N peak at 1640.57 cm−1, C=S peak at  

1253.05 cm−1 and –NH peak at 3311.96 cm−1. This data confirms the formation of the chelating agent, 

BBMTSC. Figure 5a represents the FTIR spectrum of BBMTSC. FT-IR spectral data of Cd(II) complex 
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with BBMTSC is as follows: C=N peak appears at 1549.95 cm−1 and C=S peak appears at 1239.75 cm−1. 

Figure 5b shows the FT-IR spectrum of the complex. 

The FT-IR spectra confirmed the synthesis of BBMTSC and successful chelation with Cd(II) ions. 

The C=N peak in BBMTSC was shifted from 1640.57 cm−1 to 1549.95 cm−1, and similarly, the C=S 

peak was shifted from 1253.05 cm−1 to 1239.75 cm−1 due to chelation with Cd(II) ions [13,14].  

The –N–H peak in BBMTSC disappeared after chelation with Cd(II) ions due to deprotonation, and the 

formation of Cd(II) complex of BBMTSC was confirmed [15]. 

 

 

Figure 5. FTIR spectra of (a) BBMTSC and (b) Cd(II)-BBMTSC. 

3.1.4. Mass Spectral Analysis 

The calculated molecular weight as per the molecular formula of BBMTSC is 299. As per the mass 

spectrum, the molecular weight for BBMTSC is obtained as 300.12, which is in conformity with the 

calculated molecular weight. Similarly, the calculated molecular weight as per the molecular formula of 

the Cd complex of BBMTSC is 711.414. The molecular weight obtained from the mass spectrum is 

711.11, which is in good agreement with the calculated molecular weight. The mass spectra of both 

BBMTSC and its Cd complex are shown in Figure 6a,b, respectively. 
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(a) 

 

(b) 

Figure 6. Mass spectra of (a) BBMTSC and (b) Cd(II)-BBMTSC. 

3.1.5. 1HNMR Spectral Analysis 

The 1H NMR data (DMSO/TMS) of BBMTSC is as follows: 11.31 (s, 1H, N–NH), 8.40 (s, 1H,  

SC–NH), 7.99 (s, 1H, HC=N), 7.74–7.04 (m, 9H, Ar–H), 5.15 (s, 2H, O–CH2), 3.00 (d, 3H, CH3). This 
1H NMR data confirms the formation of BBMTSC. The 1H NMR data (DMSO/TMS) of the  

Cd-BBMTSC complex is as follows: 7.53 (s, 1H, SC–NH), 7.43 (s, 1H, HC=N), 7.45 (m, 9H, Ar–H), 

5.16 (s, 2H, O–CH2), 3.01 (d, 3H, CH3). The 1H NMR spectra of both BBMTSC and its complex are 

presented in Figure 7a,b, respectively. From Figure 7b, the chelation of Cd with BBMTSC is confirmed. 

The HC=N peak in BBMTSC (Figure 7a) appears at 7.99 while in its Cd complex (Figure 7b) it was 

shifted towards 7.43 due to chelation with Cd. Along with this, the peaks of BBMTSC appear in the 

range between 9.0 and 7.0 and were were shifted towards the lower side in its Cd complex, which 



Metals 2015, 5 2273 

 

 

confirms the chelation of Cd with the nitrogen atoms in BBMTSC. Both Figure 7a,b confirm the 

formation of BBMTSC and its chelation with Cd. 

 

(a) 

 

(b) 

Figure 7. 1H NMR spectra of (a) BBMTSC and (b) Cd(II)-BBMTSC. 
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3.1.6. XRD Analysis 

XRD was carried out to identify the polycrystalline nature of the synthesized samples. Figure 8a,b 

show XRD patterns of BBMTSC and its Cd(II) complex, respectively. Both the free ligand and its 

complexes were polycrystalline in nature. The dominant XRD peak at 21.08° 2θ was observed for 

BBMTSC, while the peak for its Cd(II) complex was observed at 17.9° 2θ. Therefore, the structural 

phase changes occurred with the chelation of Cd(II) with BBMTSC, which is apparent by the shift in the 

dominant 2θ value to the lower energy side. The structural properties of BBMTSC and its Cd(II) complex 

have not been reported in the literature so far. Therefore, crystal growth experiments are in progress for 

the determination of the crystal structure of BBMTSC and its Cd(II) complex, intending for a better 

understanding of the structural properties. 

 

Figure 8. XRD patterns of (a) BBMTSC and (b) Cd(II)-BBMTSC. 

3.1.7. SEM Analysis 

FESEM images were performed to examine the morphological variation and microstructure of the 

synthesized samples. Figure 9a,b present the low and high magnified images of free ligand.  

These images show that the free ligand (BBMTSC) possesses a flake-like morphology on the micrometer 

scale. On the other hand, a closer look indicated that BBMTSC was formed by micro-rod structures, and 

for some of them, a number of layers seems to be covered. An abrupt change in its morphology was 

observed after the chelation of Cd(II) to BBMTSC. Figure 9c,d show the low and high magnified 

FESEM images of the Cd(II) complex. The figure shows that the rod-like micro-flower hierarchical 

structures were obtained. A careful examination of the high magnified image certainly indicates that a 

bunch of nanorods are arranged to form a flower-like morphology of the Cd(II) complex. 
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Figure 9. SEM images of (a,b) BBMTSC and (c,d) Cd(II)-BBMTSC. 

4. Conclusions 

BBMTSC and its Cd(II) complex were prepared and characterized by elemental analysis, UV-Vis 

absorption spectra, FT-IR spectroscopy, mass spectroscopy, NMR, XRD, and FESEM. All these 

characterization studies conclude the synthesis of BBMTSC and its chelation with Cd(II). In our future 

studies, the newly synthesized BBMTSC could be applied to determine the Cd(II) concentration in 

environmental samples. Furthermore, investigations on the crystal structures of BBMTSC and its Cd(II) 

complex will be carried out to achieve a better understanding of the structural properties. 
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