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Abstract 

Condensation of p-bromobenzaldehyde with diacetylmonoximethiocarbohydrazide potentially yielded 

tridented diacetylmonoximethiocarbohydrazide-p-bromobenzaldehyde (HBMHpBB) which was utilized in the 

synthesis of Tb(III), Yb(III), Lu(III), Eu(III) and Ce(III) complexes of the type [M(DMTpBB)3NO3] in presence of 

nitrate counter ion. Structure of these Ln(III) complexes were elucidated by physico-chemical studies, magnetic 

susceptibility, molar conductance studies, electronic and FT(IR) spectra. Spectral data revealed that the ligand 

HDMTpBB coordinated to Ln(III) metal ion through oximino and azomethine nitrogen atoms and sulphur atom of 

thiocarbo group.  
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Introduction:  

In the coordination chemistry of inner transition elements, Schiff bases have distinctly their importance as 

chelating ligands1-2. Among the variety and phenomenal number of Schiff base complexes from diacetylmonoxime 

find extensive applications in various fields 3. The imino-oximes based Schiff bases had been remarkably found to 

exhibit good bacterial activity and are well documented in literatures4. Condensation of diacetylmonoxime with 

thiocarbohydrazide produced a tridentated ligand, which are forming a series of transition and inner transition metal 

complexes under well defined conditions5. In present communication we report, the synthesis and characterization of 

a Tb(III), Yb(III), Lu(III), Eu(III) and Ce(III) complexes, with HDMTpBB ligand with nitrate counter anion. IUPAC 

name of the prepared ligand is N''-[(E)-(2-bromophenyl)methylidene]-N'''-[(2E,3E)-3-(hydroxyimino)butan-2-

ylidene]thiocarbohydrazide. 
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Experimental:  

Analytical grade solvents and chemicals were purchased from Merck and Loba chemie. The Ln(III) metal 

contents of prepared complexes were estimated volumetrically and gravimetrically. FT(IR) spectra were recorded on 

Perkin-Elmer spectrum-100 FT-IR spectrometer. PMR spectra of HDMTpBB ligand and its Ln(III) complex were 

recorded on JEOL (Japan) ECZR 600 MHz NMR spectrometer. Electronic absorption spectra were recorded using 

JASCO V650 UV-visible spectrophotometer at 301K. The molar conductance of Ln(III) complexes were conducted 

using nitrobenzene as solvent on a ELICO CM-180 conductivity meter. Magnetic moments were quantified with 

Gouy balance at 301K.  

Synthesis of the HDMTpBB: 

Coordinating ligand i.e. diacetylmonoximethiocarbohydrazide (HDMTpBB) was prepared by literature 

method6. A hot ethanolic solution of diacetylmonoximethiocarbohydrazide (0.01mol) was mixed with p-

bromobenzaldehyde (0.0125mol) dissolved in 30 ml of hot ethanol. The reaction mixture was permitted to reflux for 

5h and after completion of reaction as monitored on TLC, the reacting mixture was brought at room temperature. The 

ligand in solid form were collected after filtration, subsequently washed with hot distilled water and dried under 

vacuum. 
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A general method of synthesis of Ln(III) metal complexes:  

An aqueous solution of corresponding Ln(III) nitrate salt (0.01M) was added to ethanolic solution of 

HDMHpBB ligand (0.03M). Further, the reaction mixture was refluxed for 7-10h after adjusting pH to 7. On cooling, 

coloured solid Ln(III) complex was separated from the solution. Solid complex was collected as residue by filtration 

followed by washing with hot distilled water and dried under vacuum. 

Results and Discussion: 

The Ln(III) complex formation can be represented by the following equation; 

 3HDMTpBB + Ln(NO3)3xH2O  [Ln(DMTpBB)3NO3] 

The analytical and physical data of HDMTpBB ligand and its Ln(III) complexes are illustrated in Table-1. 

All lanthanide (III) complexes are colored solid, air stable, non hygroscopic and posses good keeping qualities. They 

are soluble in common organic solvents. The Ln(III) complex formation was ascertained primarily on the basis of 

their magnetic susceptibility and conductance measurement, elemental analytical data. The values of molar 

conductivity for prepared Ln(III) complexes support in favour of 1:1 electrolytic nature7-8. Analytical data indicates 
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that Ln(III) complexes occurred in 1:3 molar ratio (metal: ligand). The structures of Ln(III) complex of the 

HDMTpBB ligand were elucidated by PMR, FT(IR) and electronic absorption spectral studies.  

Table-1: Analytical and physical data of the ligand and its lanthanide (III) metal complexes 

 

The FT(IR) spectrum of HDMTpBB ligand exhibited a band at 3317 cm-1 which is characteristic of (-OH) 

vibration of oximino moiety. After complexation, this band disappeared and suggested that this group participated in 

complexation9. The sharp peak due to azomethine, oximino and thiocarbo groups are observed at 1617, 1571 and 

1089cm-1 respectively in FT(IR) spectrum of HDMTpBB ligand10-12. These peaks are shifted to lower side by about 

31-45 cm-1 in all the Ln(III) complexes, indicating that these groups are involved in coordination via nitrogen atoms 

of azomethine and oximino groups and sulphur atom of thiocarbo group. In complexes’ spectrum, three well defined 

peaks are obtained at 1020, 1343 and 1381cm-1. Here 5-1 is about 148 cm-1 which proposed that the nitrate group 

is coordinated in a monodented manner. The novel bands exhibited in all Ln(III) complexes in the region 496-500 

and 515-524 cm-1 which can be correlated to (M-N) and (MN) vibrations respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 

 

 

Color 

 

 

Yield 

% 

 

 

M.P.  

point 

ºC 

Elemental Analysis  

 

Magnetic 

Moments 

(B.M.) 

 

 

Electrical 

Conductance 

10-3 M(in 

DMF) 

mhos 

% M 

Found 

(Calcd) 

% C 

Found 

(Calcd) 

% H 

Found 

(Calcd) 

% N 

Found 

(Calcd) 

% O 

Found 

(Calcd) 

% S 

Found 

(Calcd) 

% Br 

Found 

(Calcd) 

HDMHpBB Yellow 79.38 209 - 
40.46 

(39.92) 

3.96 

(3.98) 

19.66 

(19.02) 

4.49 

(4.65) 

4.49 

(4.65) 

9.00 

(8.70) 
- - 

[Tb(DMHpBB)3]N

O3 Brown 75.61 241 
11.91 

(11.81) 

32.39 

(32.02) 

2.92 

(2.90) 

16.79 

(16.49) 

7.20 

(7.16) 

7.20 

(7.11) 

17.97 

(17.90) 
9.53 23.77 

[Yb(DMHpDB)3]N

O3 Brown 74.86 239 
12.84 

(12.30) 

32.05 

(31.44) 

2.89 

(2.86) 

16.62 

(16.53) 

7.12 

(7.11) 

7.12 

(7.09) 

17.84 

(17.80) 
4.51 29.06 

[Lu(DMHpBB)3]N

O3 Orange 79.05 241 
11.26 

(11.17) 

32.00 

(32.01) 

2.89 

(2.79) 

16.59 

(16.51) 

7.11 

(7.08) 

7.11 

(7.09) 

17.80 

(17.66) 
- 24.85 

[Eu(DMHpBB)3]N

O3 Yellow 82.24 238 
11.45 

(11.09) 

32.56 

(32.19) 

2.94 

(2.93) 

16.88 

(16.37) 

7.24 

(7.20) 

7.24 

(7.21) 

18.06 

(17.88) 
3.55 23.01 

[Ce(DMHpBB)3]N

O3 Brown 79.79 244 
10.65 

(10.14) 

32.85 

(32.33) 

2.97 

(2.92) 

17.03 

(16.79) 

7.30 

(7.20) 

7.30 

(7.25) 

18.20 

(17.99) 
2.42 20.49 
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Table-2: FT(IR) spectral bands of the ligand (HDMTpBB) and its metal complexes (cm−1) 

Assignments HDMTpBB Tb(III) Yb(III) Lu(III) Eu(III) Ce(III) 

νOH Oximino 3417 - - - - - 

N-H 3273 3316 3348 3226 3304 3185 

νC=C Ar. 3173 3119 3121 3118 3118 3140 

νC=NN 1617 1603 1596 1598 1603 1602 

νC=NO 1571 1505 1529 1540 1540 1535 

νC=S 1089 1033 1037 1033 1032 1035 

νN→O - 1008 1007 1009 1007 1008 

νPh-Br 820 827 848 855 851 851 

νM-N - 533 546 536 539 536 

νMN - 523 522 528 526 521 

νMS - 505 504 508 505 509 

 

PMR spectra: 

The HDMTpBB ligand’s PMR spectrum exhibited sharp acidic peak at 11.75ppm due to (OH) group. The 

absence of this peak in PMR of [Lu(DMTpBB)3NO3] complex suggested that this group involved in coordination via 

deprotonation. The multiplet signal at 7.20-7.40ppm in PMR spectrum of HDMTpBB ligand and its 

[Lu(DMHpBB)3NO3] complex can be due to characteristic aromatic protons. A sharp singlet observed at 9.10 ppm 

in both compounds can be assigned to methine (-CH=) group. 

Electronic spectra: 

The electronic spectrum of Tb(III) complex exhibited four bands at 618, 588 545 and 491 cm-1 which is 

assigned to transitions like 5D4
7F3, 

5D4
7F4, 

5D4
7F5 and 5D4

7F6 respectively. Observed five bands for 

paramagnetic orange colored [Yb(DMTpBB)3NO3] complex at 725, 705, 600, 449 and 359 cm-1 can be result of 

4Ag
2T1g, 

4Ag
2E1g, 

4Ag
4T2g, 

4Ag
4T1g(F) and 4Ag

4T1g(P) transition respectively13.  

The diamagnetic [Lu(DMTpBB)3NO3] complex exhibited14 a metal to ligand band at 430 and 273 cm-1. The 

Eu(III) complex exhibited five peaks at 706, 649, 611, 592 and 577cm-1 which is assigned to transition 5D0
7F4, 

5D0
7F3, 

5D0
7F2, 

5D0
7F1 and 5D0

7F0 respectively15.  

The paramagnetic [Ce(DMTpBB)3NO3] complex peaks exhibited at 589 and 545cm-1 due to 2D 2F7/2 and 

2D 2F5/2 transitions respectively16.  For solutions of these complexes in solvent such as chloroform, some 

nephelauxetic effect or red shift is observed. This nephelauxetic effect is usually accepted as stronger evidence of 

covalency than the presence of aqua compounds. In all prepared lanthanide (III) complexes, there is a significant 

increase in the intensity of the observed band, and this nephelauxetic effect (b) is calculated using hypersensitive 

bands. Using the below expression, the Sinha parameters (%), covalence factor (b1/2), and covalency angular overlap 

parameter () were calculated20 from the values. 
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 = [(1-)1/2/1/2] 

b1/2 = 1/2[(1-)1/2] 

% = [(1-)/]x100 

In these coordination compounds, the % and (1-) values are positive showing that, in contrast to the link 

between the aqua ion and the metal ion, the bond between the ligand and the metal ion is covalent. The angular 

overlap () and bonding parameter (b1/2) values are both positive indicating that there is covalent bonding 17-20. 

Table-2:  Electronic absorption spectral data of HDMTpBB ligand and its Ln(III) metal complexes 

Compound nm  (dm3/mol/cm) Transition 

HDMHpBB 

353 7740 π π* 

274 10730 π π* 

225 12756 π π* 

[Tb(DMTpBB)3]NO3 

618,  985 
5D4

7F3,  ave = 0.9799, 

 = 6.3375, 

b1/2 = 0.6999, 

δ% = 0.0296 

588  3064 
5D4

7F4,  

545  7789 
5D4

7F5  

491 12645 
5D4

7F6
 

 

[Lu(DMTpBB)3]NO3 

430  8369 MLCT 

273 10567 MLCT 

[Ce(DMTpBB)3]NO3 

520 6578 5F5 
2D3/2 ave = 0.9959,  = 0.00205, 

b1/2 = 0.0442, δ% = 0.410 
410 9354 5F5 

2D5/2 

Eu(DMTpBB)3]NO3 

706 1450 5D0
7F4 ave = 0.9942,  

 = 0.00292,  

b1/2 = 0.0531, δ% = 0.5860 

649 3680 5D0
7F3

 

611 8854 5D0
7F2 

 

592 11345 5D0
7F1  

 

[Yb(DMTpBB)3NO3]  

725  9580 4Ag
2T1g

  ave = 0.9918,  

 = 0.00412,  

b1/2 = 0.0635,  

δ% = 0.8249 

705 9750 4Ag
2E1g

 

600  10980 4Ag
4T2g

 

449  11345 4Ag
4T1g(F)  

359 12547 4Ag
4T1g(P) 

 

Conclusion: 

The geometry, physico-chemical and spectral data advising that HDMTpBB ligand and the lanthanide (III) 

ions were complexed with nitrogen, oxygen and sulphur atoms of the higher carbohydrazide group. The metal:ligand 
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ratio in trinuclear lanthanide (III) complexes of HDMTpBB ligand is 1:3. All prepared complexes of HBMTpBB 

ligand have been assumed to follow seven coordinate geometry and the results are in good agreement with the 

proposed structure for the efficient lanthanide (III) complexes. 
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Where: Ln = Tb(III), Yb(III), Eu(III), Lu(III) and Ce(III) 
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