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Abstract 

A new thiocarbohydrazide based benzilmonoximethiocarbohydrazide (HBMTCH) ligand synthesized by 

condensing benzilmonoxime and thiocarbohydrazide. Its Yb(III), Lu(III), Er(III), and Ce(III) complexes are 

synthesized and studied using elemental microanalysis. The physico-chemical HBMTCH ligand is coordinated 

with lanthanide (III) metal ions via nitrogen atoms in the azomethine and oximino groups and sulphur atoms in 

the thiocarbo group. The antibacterial activities of HBMTCH and its lanthanide (III) metal complexes, using the 

disc diffusion method, three gram positive and three gram negative bacteria were tested against which revealed 

that the lanthanide (III) complexes have more promising antibacterial activity than the HBMTCH ligand against 

the bacteria tested. 
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Introduction:  

Significant importance of thiocarbohydrazide ligand1 chemistry, especially in the development 

thiocarbohydrazide derived lanthanide (III) complexes, because thiocaebohydrazide is capable of creating stable 

complexes with lanthanide (III) metal ions, it is a possible chevalier2-3. In recent years, many researchers’ shows 

much interested in preparation and characterization of thiocarbohydrazide lanthanide (III) metal complexes due 

to their importance as catalyst in many reactions4. The products obtained from condensation of 

thiocarbohydrazide with oxime are biological active and also have good complexion ability with lanthanide (III) 

metals. It is also noted that their activity enhanced by complexation with lanthanide (III) metals5-6. The enhanced 

activity of lanthanide (III) metal complexes of thiocarbohyrazide based ligand has led to considerable interest in 
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coordination chemistry7. Many analysts were undertaken of the interaction of metal ion with ligand containing 

nitrogen and sulfur as donor atom9-10. It was also established that the biological activity of thiocarbohydrazide is 

altered many fold on coordination with lanthanide (III) metal ions11.  

In this research work, benzilmonoximethioncarbohydrazide (HBMTCH) synthesized by refluxing  

benzilmonoxime and thiocarbohydrazide and its lanthanide (III) metal complexes with Yb(III), Lu(III), Er(III) 

and Ce(III) were synthesized. The structure of HBMTCH and its lanthanide (III) metal complexes elucidated by 

PMR, FT(IR) and electronic  absorption spectra. The antibacterial activity of the HBMTCH ligand and its metal 

complexes Yb(III), Lu(III), Er(III), and Ce(III) against three gram +ve and three gram -ve bacteria was also 

investigated. 

Experimental: 

 Solvents and reagents purchased from the S. d. fine chem. companies. The melting points were obtained 

using melting point equipment and were not adjusted. Using a Bruker Avance 500 NMR and DMSO d6 as the 

solvent, PMR spectra were acquired at 500 MHZ. The FT (IR) spectra were determined on Perkin-Elmer 

spectrum 100 using KBr pellets. 

Synthesis of HBMTCH ligand: 

 Benzilmonoxime12 and Thiocarbahydrazide13 were prepared by reported method. HBMOTCH was made 

by combining a hot aqueous solution of 20.000g of thiocarbohydrazide (0.188mol) with a 10.000 g ethanolic 

solution of -benzilmonoxime (0.044mol) in the sodium acetate is present (20.000g), then refluxing the 

combination for 7 hours on a water bath and overnight. This has been filtered and rinsed in warm water before 

being drying at 100oC. 

Metal complex synthesis: 

 The lanthanide (III) metal complexes of HBMTCH ligand were synthesized by mixing 0.3M of 

HBMTCH ligand in 25mL methanol with 0.1M of Yb(III), Er(III), Lu(III) and Ce(III) nitrate salts in 25mL 

methanol maintaining the ligand metal ratio 3:1. Solid complexes precipitated when the reaction mixture was 

refluxed for 5-6 hours. Each time, the lanthanide (III) complex was cooled, cold methanol washed and filtered. 

Results and Discussion: 

 The HBMTCH ligand is successfully synthesized with equimolar proportions of benzilmonoxime and 

thiocarbohydrazide and its lanthanide (III) metal complexes with [Ln(NO)3].6H2O salts. The lanthanide (III) 

metal complexes are long-lasting at open atmosphere, non-hygroscopic and are colored solid compounds. The 

Analytical and physicochemical data are given in Table-1. 
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Table-1:  HBMTCH and its metal complexes physical and analytical data 

Compound                Color            % Yield            Percentage Expected(Found)                               Conductance   Magnetic  

                (M.P. in C)                         C              H             N            O          S            M              Ω -1              Moment (BM) 

 

HBMTCH                  Colorless        73.80       57.51        4.89         22.36       5.11      10.22        -                   -                    - 

                                       (168)                          (57.11)      (4.42)      (22.48)    (5.29)    (10.00) 

Ce(BMTCH)3.NO3    Green              78.31      47.45         3.69        19.68      8.44       8.44       11.312         22.5                2.72 

                     (290)                               (47.11)     (3.59)      (19.22)   (8.11)     (8.39)    (5.80)                                                                  

Er(BMTCH)3.NO3    Yellow            75.18      46.35         3.61        19.23     8.24        8.24        14.33          23.0                9.39 

                      (295)                              (46.18)      (3.53)     (19.09)   (8.22)      (8.18)     (14.19) 

Yb(BMTCH)3.NO3    Green             81.22      46.11         3.59        19.13      8.20       8.20       14.77           20.99               4.25 

                      (299)                            (46.01)       (3.49)      (19.02)   (8.04)     (8.09)     (5.80)                                                                  

Lu(BMTCH)3.NO3     Yellow          80.36      46.08         3.58        19.11     8.19        8.19        14.84          24.55                - 

                       (294)                           (46.00)      (3.53)      (19.01)   (8.12)      (8.11)     (14.69) 

 

FT(IR) spectra: 

 The information provided by FT(IR) spectra in the 4000–400 cm-1 range about coordination mode in 

lanthanide (III) metal complexes was evaluated by comparing it to the date for the HBMTCH ligand. The 

proposed assignments and the most relevant bands for all lanthanide (III) complexes along with HBMTCH ligand 

are represented in Table – 2 

 The FT(IR) spectra of the liberated HBMTCH ligand exhibits oximino bands at 3288 cm-1 (OH). This 

band is absent from the spectral range of lanthanide (III) metal compounds, showing that the deprotonated 

oximino –OH group14 is in favor of coordination. The three dominant bands detected at 1600 and 1693 cm-1 in 

the free HBMTCH ligand due to oximino and azomethine group vibrations, respectively, in all produced 

complexes are pushed towards lower frequencies, implying that these groups are engaged in coordination. The 

usual modes of aromatic ring vibrations15 are bands occurring at 955, 910, 785, and 748 cm-1.  

Due to vibrations (M-S) and (M-N), new bands develop in the low frequency ranges at 465–495 cm-1 

and 500–512 cm-1, respectively. In general, the HBMTCH ligand acted as a monobasic, tridentate (N, N, S donor) 

ligand when it bonded to lanthanide (III) metal. The conductance values of lanthanide (III) metal complexes 

revealed that all produced compounds were 1:1 electrolytic. 
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Table- 2: HBMTCH and its metal complexes FT(IR) spectrum data in cm-1 

Compound (O-H) (N-H) ν(C-S-H) C=NO C=NN (N-H) N – O/ 

N→O 

N-N M-N 

HBMTCH 

 

Ce(BMTCH)3.NO3 

 

Er(BMTCH)3.NO3 

 

Yb(BMTCH)3.NO3 

 

Lu(BMTCH)3.NO3 

3288 

 

- 

 

- 

 

- 

 

- 

3300 

 

3288 

 

3290 

 

3300 

 

3288 

2345 

 

2359 

 

2328 

 

2359 

 

2328 

1600 

 

1590 

 

1589 

 

1590 

 

1591 

1693 

 

1675 

 

1653 

 

1675 

 

1653 

1589 

 

1592 

 

1590 

 

1592 

 

1590 

1000 

 

1026 

 

1025 

 

1026 

 

1025 

1072 

 

1093 

 

1099 

 

1093 

 

1099 

  ---- 

 

465, 500  

 

470, 503 

 

490, 512  

 

495, 503 

 

PMR spectra: 

 PMR spectra of HBMTCH were DMSO-d6 solvent was used for recording. The PMR spectrum of One 

singlet was detected at 12.53 ppm in the HBMTCH ligand, which corresponded to the oximino –OH proton., 

this band is absent in [Lu(BMTCH)].NO3 metal complex indicated that the ligand was metal-coordinated via 

deprotonion of oximino proton. One singlet corresponding to an NH (=N-NH-) proton at 8.67 ppm. Also the 

PMR spectra of HBMTCH and Lu(III) complex revealed a multiplet  7.44 – 7.95 ppm corresponding to aromatic 

protons. 

Table-3: PMR data of HBMTCH and its Lu(III) metal complex in ppm 

Compounds                  -OH               -NH2            N-H            Phenyl ring  
HBMTCH                          12.53                8.00              8.67               7.44-7.95  

Lu(BMTCH)3.NO3               -                      7.90             8.65                7.45-7.90  
 

Magnetic research: 

 Except for Ln(III), all lanthanide (III) metal complexes are paramagnetic. The magnetic moments of the 

complexes are quite close to Van Vleck and Hands values. Non-deviation of magnetic moment values also 

implies that there are no metal-metal interactions between nearby metals. 

Electronic absorption spectra: 

 The lanthanide (III) metal complexes electronic spectral data are given in Table – 4. The absorption 

bands of Er(III) (23923, 26246 cm-1) and Yb(III) (19421 and 23709 cm-1) complexes are slightly red-shifted with 

respect to that of the free HBMTCH ligand. The lanthanide (III) complexes' electronic spectra display, the 

nephelauxetic effect causes a red shift in the bands when compared to those of the respective aqua- ions. In a 

given complex, the shift is a measure of covlency. The covalency (), nephelauxetic () and bonding (b1/2) 

parameters were determined using the same manner as previously stated. The less than one parameter of  and 

 and b½ positive for all prepared Ln(III) complexes demonstrating the nature of covalent bonding HBMTCH 

and Ln(III) metal16. 
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The nephelauxetic ( ̅), bonding (b1/2) and covalency ()parameters have been determined by the 

following equations 17. 

 = complex / aquo 

b1/2 = [1/2(1 -)]1/2 

 % = 100 (1 -)/ 

Table-4:  Ln(III) metal complexes of the HBMTCH ligand UV-Visible spectral data 

Compound cm-1  (dm3/mol/cm) Transition Racah parameter 

HBMTCH 
33557 7132 π→π* 

- 
42918 4595 π→π* 

[Er(BMTCH)3].NO3 

23923  2100 
4I15/2 → 6P3/2  = 0.9971, 

b1/2 = 0.0383, % = 02956 
26246 4720 

4I15/2 → 4F3/2 

[Ce(BMTCH)3].NO3 
 

19103 3180 
5F5/2 → 

2D3/2  = 0.9926, 

b1/2 = 0.0435, % = 0.7506 
24187 1898 

5F5/2 → 
2D5/2 

[Lu(BMTCH)3].NO3 
25510 1100 MLCT 

- 
41152 13541 MLCT 

[Yb(BMTCH)3].NO3 

19421  898 5F5/2 → 
4D3/2  = 0.9961, 

b1/2 = 0.0431, % = 0.5622 
23709 8952 5F5/2 → 

4D5/2 

 

Antimicrobial studies: 

 The antimicrobial studies of HBMTCH ligand and its metal complexes data with lanthanide (III) are 

illustrated in Table-5. The HBMTCH and its Yb(III), Lu(III), Er(III) and Ce(III) complexes antibacterial activity 

was tested using the disc diffusion method on three gram and three gram microorganisms. The diameter of 

susceptibility zone of inhibition measured in mm. Filter paper discs with a diameter of 6mm were employed for 

a 24-hour incubation period at room temperature and recorded the observed results. The antibacterial properties 

of HBMTCH and Lanthanide (III) complexes were discovered by measuring the zone of inhibition observed 

around the material HBMTCH demonstrated considerable activity range on growth of all selected bacterial 

strains. Complexes' results have been suggested to boost antibacterial activity. 
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Table-5: Screening for HBMTCH ligands and metal complexes in antibacterial (500ppm) (mm) 

Compound B. substilis P. aeruginosa S. aureus S. typhi E. coli K. pneumoniae 

HBMTCH 15 12 17 11 09 12 

[Er(BMTCH)3].NO3 19 15 21 14 13 19 

[Ce(BMTCH)3].NO3 18 16 20 18 17 19 

[Lu(BMTCH)3].NO3 19 15 19 14 12 14 

[Yb(BMTCH)3].NO3 21 19 17 13 12 14 

 

Conclusion:  

 A thiocarbohydrazide based ligand prepared by the condensation of benzilmonoxime and 

thiocarbohydrazide. HBMTCH ligand coordination ability has been reported by physico-chemical studies, 

electronic absorption spectra, PMR and FT(IR) spectral data and confirm the coordination of HBMTCH is 

tridentate and linked through azomethine and oximino groups nitrogen atoms and sulfur atom of thiocarbo group 

forming stable chelate. Biological studies demonstrate that metal complexes have significantly higher activity 

than HBMTCH ligands. 
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