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Abstract-A series of three Ln(III) Schiff base complexes, Nd(III), Sm(III) and Gd(III) were synthesized using Schiff base of 2-[(2-

Hydroxy benzylidene)amino]benzoic acid (NSAA) derived from salicylaldehyde and anthranilic acid. These complexes having general 

formula [Ln(NSAA)2(H2O)x] yH2O were characterized by elemental analysis, conductivity measurements, UV-Vis, FT-IR, and Mass 

spectroscopic analysis. Catalytic studies and kinetic studies were also done for each complex. Activation energy has also been 

obtained from Thermogravimetric analysis. The spectral information disclosed that the substance acted as a neutral tridentate 

coordinating to the metal particle through ONO donor sequence. The Schiff base and its complexes were screened for their 

antibacterial activity. 
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I. INTRODUCTION 

Lanthanides are fifteen components ordinarily spoken as rare-earth element components. Among the various materials 

comprising rare earth coordination compounds play an important role in cancer diagnosing and medical care, and the 

materials may be used as medication agents. as a result of the magnetic properties exhibited by lanthanides and their 

complexes. These compounds are usually utilized in the medical field as a distinction media for Biomedical Imaging. 

Samples of the 3 largest areas in biomedical imaging, namely MRI, optical imaging, and multi-modality imagining [1-3]. 

Biomedical imaging encompasses a good range of techniques and processes, making pictures of the human body for 

clinical function and also the study of medical sciences.  The lanthanides can also be used as mediators in a broad variety of 

degenerative disease based on their antioxidant properties and their role as ROS (reactive oxygen species) scavenger. 

Lanthanide complexes show photo-induced DNA cleavage activity and photo-cytotoxicity for their applications in PDT 

(photodynamic therapy) [4]. Lanthanide catalysts have been repeatedly recommended for use in numerous organic reactions, 

including the hydrogenation of ketones to form secondary alcohols, the hydrogenation of olefins to form alkanes, the 

dehydrogenation of alcohols and butanes, and the formation of polyesters. Transition metals are well-known to create Schiff 

base complexes and Schiff bases have usually been used as chelating ligands within the field of coordination chemistry. Schiff 

bases coordinate to several rare earth systems, due to their glorious coordination nature to the grouping ions and therefore the 

ability to sensitize the properties of rare earth ions [5-6]. 

II. METHOD AND MATERIALS 

Analytical grade chemicals were used for entire work. Salicylaldehyde, anthranilic acid, ethyl alcohol were used for the 

formation of ligands. 0.3M perchloric acid, 0.1M perchlorate were produced from 70% acid and metal (III) ions in aqueous 

solution. The C, H, and N analysis were carried out using a Thermo Finnigan FLASH EA 1112 Series CHN analyzer. The metal 

% was carried out using EDTA back titration method. Fourier-transform infrared spectroscopy (FT-IR) spectra were obtained in 

the range of 4000-400 cm
-1

 using KBr pellets on Shimadzu IR Affinity 1 S spectrophotometer. Magnetic susceptibility 

measurements were carried out from Gouy’s method use Hg[Co(NCS)4] as a calibrant on Polytronic electromagnet HEM-100. 

Molar conductivity of the complexes measured in DMF solvent. Thermal stability of the complexes was recorded by using 

Perkin-Elmer Diamond Thermogravimetric/Differential Thermal Analyzer. The UV spectra were recorded on Shimadzu UV-

1800 UV-VIS spectrophotometer (double beam) in the range of 200 nm to 800 nm using DMF solvent. 

I. Synthesis of ligand (NSAA) 

N-salicylaldehydeanthranilic acid was produced by adding 0.05 mol ethanolic solution of salicylaldehyde to a solution of 0.05 

mol ethanolic solution anthranilic acid and stirring the mixture for 2hrs. the solution was concentered and orange colour Schiff 

base of N-salicylaldehydeanthranilic acid generated. The precipitated Schiff base was filtered and recrystallized two times from 

alcohol, M.P 205.
0
C 

ISSN NO: 0975-6876

http://cikitusi.com/

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 5, May 2019 391



 
Figure 01: Ligand structure(NSAA) 

II. Synthesis of the Lanthanide Complexes 

The complexes produced by the mixing of 60 ml of 0.1M metal perchlorate solution with 60 ml of 0.1M ligand solution 

in 50 % ethanol-water. Metal and ligand were in (1:1) ratio. The reaction mixture was refluxed for 2 to 3 hrs at 100-110 
o
C. Then the mixture was cooled the complexes slowly precipitated. The pH was rais up to 5.5 using to 0.1M NaOH 

solution. The precipitation of the complex was filtered and washed with hot alcohol and dried at room temperature.  

III. Result and Discussion 

A. Analytical and physical data 

Table 01: Analytical and physical data of ligand and complexes  

Compound 

Mol. Formula 

Formula weight 

(gm/mol) 
Colour 

Melting point 

( 
o
C ) 

Molar Conductance 

(S cm-1 mol-1) 

NSAA 241.24 Orange 205 - 

Nd-NSAA 714 Yellow >300 25.36 

Sm-NSAA 702 Red orange >300 18.66 

Gd-NSAA 727 Light orange >300 22.33 

The outcome of elemental analysis of Schiff base ligand and metal complexes are shown in below table no.02 

Table 02: Elemental analysis 

Compounds 

Elemental analysis 

% Found 

(Calculated) 

C H N Metal 

NSAA 
68.07 

(69.70) 

4.76 

(4.60) 

5.80 

(5.81) 
- 

Nd-NSAA 
50.20 

(47.12) 

3.93 

(4.10) 

4.21 

(3.92) 

17.30 

(20.21) 

Sm-NSAA 
48.28 

(47.91) 

4.27 

(3.88) 

3.99 

(3.99) 

19.54 

(21.42) 

Gd-NSAA 
50.00 

(45.15) 

4.10 

(4.20) 

4.07 

(3.76) 

18.87 

(21.11) 

B. -Ir-Spectra  

The position of the main absorption bands in the IR spectra of the ligand and  it’s complexes are presented in table 03. 

The IR strong band located at 1618 cm
-1

 of the Schiff base ligand is due to the presence of the azomethine group(C=N). 

Upon complex formation, these bands are shifted to lower wave number [7-8]. The broad band at 3470 cm
-1

 present is 

due to phenolic hydroxyl group. In metal complexes, aromatic hydroxyl group disappeared, which suggested that 

complexation denotes the coordination through phenolic –OH with the metal ion [9-10]. In ligand, IR bands located at 
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1292 cm
-1

, 1686 cm
-1

, 2954 cm
-1

 are for respectively –OH group, C=O group, C-O group from carboxylic acid [11]. The 

stretching vibration band of 3410 to 3450 cm
-1

 are due to coordinated H2O in Nd-NSAA to Gd-NSAA respectively. In  

complexation, all of these band are shifted to lower values. The band observed in the range of 580 cm
-1

 to 575 cm
-1

 and 

622 cm
-1

 to 625 cm
-1

 in lanthanide complexes assigned to M-O and M-N respectively [12-13].  

Table 03: Infrared spectra for NSAA and  lanthanide complexes 

 

Compound 

 

ν   C=N) 

Str. 

(cm
-1

) 

Phenolic 

vH2O 

(cm
-1

) 

COOH 

 

ν M   O  

(cm
-1

) 

 

ν M   N  

(cm
-1

) 
ν O      

Str. 

(cm
-1

) 

ν C   O  

Str. 

(cm
-1

) 

ν O      

Str. 

(cm
-1

) 

ν C=O  

Str. 

(cm
-1

) 

ν C   O  

Str. 

(cm
-1

) 

Ligand 1618 

 

3470 

 

1246 - 2954 

 

1686 

 

1292 - - 

Nd-NSAA 1597 - 1232 3450 2949 1660 1276 580 623 

Sm- NSAA 1570 - 1230 3450 2945 1593 1276 573 625 

Gd-NSAA 
1611 

 
- 

 

1233 

 

 

3410 

 

3057 1663 1277 578 623 

 

C. Mass Spectra  

Table 04: Mass Spectra for NSAA and its lanthanide complexes 

Compound Formula 

m/z 

Calculated Found 

NSAA 

C14H11NO3 

C13H10NO 

C7H5NO2 

241.24 

196.22 

135.12 

241.8 

195.9 

136.8 

Nd-NSAA 

C7H9O3NNd 

C7H7O2NNd 

C7H5O2N 

299.39 

281.38 

135.12 

299.1 

282.0 

138.01 

Sm-NSAA 

C7H7O3NSm 

C7H5O2NSm 

C7H5O2N 

303.50 

285.48 

135.12 

300.2 

280.7 

137.86 

Gd-NSAA 
C7H7O2NGd 

C7H5O2N 

294.39 

135.12 

300.0 

137.86 
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Figure 02: Mass spectrum of Schiff base 

 
 

Figure 03: Mass spectrum of Nd-NSAA 

 
 

Figure 04: Mass spectrum of Sm-NSAA 
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Figure 05: Mass spectrum of Gd-NSAA 

D. Magnetic measurements 

Magnetic susceptibility for the complexes was recorded using Gouy method.  All the trivalent lanthanide ions, except 

lanthanum and lutetium, have unpaired f electrons. Magnetic moment of 4.12 B.M. was recorded for Nd(III) complex 

due to the presence of 3 unpaired electrons. In Sm(III) complex, 1.55 B.M. magnetic moment was recorded due to the 

presence of 5 unpaired electrons. In Gd(III) complex, a magnetic moment of 6.18 B.M. was recorded which suggests a 

higher number of unpaired electrons, with all the electron have same spin. This important property of gadolinium 

complexes uses in MRI scans. [14] 

E. Molar conductivity measurements 

The molar conductivity measurements for the complexes were carried out using 10
-3

M concentration and used DMF as a 

solvent. All the complexes showed a behavior like non-electrolytic nature indicating no ions present in the solution. 

F. Electronic spectral study 

The UV-Vis absorption spectra of the Schiff base ligand (NSAA) and its lanthanide metal complexes were carr ied out in 

DMF at room temperature. The value of absorption wavelength and band assignments are shown in table no 05. The 

absorption of NSAA is characterized by three main absorption bands at 332.5nm, 263nm, and 204nm. The band reported 

at lower energy is characteristic to n→ π* transition of conjugation between the lone pair of electrons of p orbitals of N atom 

in azomethine group and conjugated π bond of the benzene ring [15]. The bands reported at higher energy are due to π→π* 

of the benzene ring and also a transition of the azomethine group [16]. The UV- Vis absorption spectra for all Ln-NSAA 

complexes show equality, which confirm equality in their structures and show the characteristic bands of ligands with some 

changes in both frequencies and intensities. All the modifications of absorption bands suggests the coordination of ligand 

(NSAA  to lanthanide metal ion. In general, the Ln III  ions don’t greatly contribute to the absorption spectra of their 

complexes,  due to f-f transitions which are Laporte-forbidden and very feeble in nature [17-19]. 

Table 05: Electronic spectra of ligand and complexes 

Compounds 
λ max 

nm 
Cm-1 Band assignments  

NSAA 

332.5 

263 

204 

30075.18 

38022.81 

49019.60 

n→π* 

π→π* 

π→π* 

Nd-NSAA 331 30211.48 
4
I9/2→

4
D7/2 

Sm-NSAA 
333 

253 

30030.03 

39525.69 
6
H5/2→

4
G7/2(Q1) 

Gd-NSAA 
330.5 

239 

30257.18 

41841.00 

8
S7/2→

6
P7/2(A1) 

8
S7/2→

6
D5/2(O1) 
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G. Thermogravimetric analysis  

Thermogravimetric analysis was applied in the temperature range from room temperature to 1000 
o
C. The first weight 

loss for the complex of Nd-NSAA observed with 5.60 %  (39.98 gm/mol), which occurs at the temperature range of RT-

150 
0
C, which indicates the presence of two water molecules of crystallization as well as between the temperature range 

of 150-250 
0
C the second weight loss of 8.31 % (59.33 gm/mole) was found to  be observed which implied the possibility 

of three water molecules of coordination. The first weight loss for the complex of Sm-NSAA observed 3.15% (23.21 

gm/mol), which also occurs between the temperatures at RT-150 
0
C, which indicates that the presence of one water 

molecule in crystallization, as well as the second weight loss, observed 9.39% (67.51 gm/mol), in the temperature range 

of 150-250 
0
C which indicate that three water molecules in coordination.  It has been also observed that the first weight 

loss for the complex of Gd-NSAA 1.07% (7.96 gm/mol) which occurs in the temperature range of RT-150 
0
C, which 

indicate the presence of zero water molecules of crystallization, as well as the second weight loss, o bserved 

12.97%(94.29 gm/mol), in the temperature range of 150-250 
0
C which indicate that five water molecules of 

coordination. The data of TGA for metal complexes are presented in table 06.   

As the usual coordination numbers reported for Gd
3+

 are up to 9 and also the TGA data does not ascertain with certainly 

the exact number of coordination water molecules, it is usual to consider 9 coordination number in this case. Further, 

elemental analysis data match better for coordination number 9  [20].  

Table 06: Thermogravimetric Analysis 

Complexes 
RT-150  

0
C 

Water of crystallization 
 

150 
0
C -  250 

0
C 

Water of coordination 

 % Loss 
Loss of 

Weight 

Water 

molecules 
% Loss 

Loss of 

Weight 

Water 

molecules 

Nd-NSAA 5.60 39.98 2 8.31 59.33 3 

Sm-NSAA 3.15 23.21 1 9.39 67.51 3 

Gd-NSAA 1.07 7.96 2 12.97 94.29 3 

 

Figure 06: TGA of complexes 
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Based upon TGA and other techniques the results of coordination numbers of complexes can be  

Table 07: Complexes and Coordination Numbers* 

 

Complexes 

 

Coordination number 

of metal in the suggested structures 

Usual coordination number  of metal 

ion 

Nd-NSAA 09 03,09,16 

Sm-NSAA 09 09,08,15 

Gd-NSAA 09 07,08,09 

 reference  [21-22] 

As the above results of physicochemical analyses, their probable structures are shown in figures below. 

 

Figure 07: Possible structure of Nd-NSAA complex 

OH2

OH2

OH2

OO
-

N

O
-

O O
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O
-
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OH2

 
Figure 08: Possible structure of Sm-NSAA complex 
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Figure 09: Possible structure of Gd-NSAA complex 

H. Catalysis of an organic reaction  

 The Diel-Alder reaction between furan and maleic acid was selected to study catalytic effect of complexes [23-24], m.p 138-

140 
0
C is 2.67 gm (72.7%). This is important organic reaction. The same reaction was applied for 2 hours the 2.07 gm 

(56.49 %) yield was found. Also, the same reaction was applied using 1 mol % catalytic amount of complexes, % yield 

and % increase in yield of the reaction are indicated in table no.08  

 
Figure 10: Dies-Alder reaction 

Table 08: % Yield of Organic reaction 

Temperature 

Time 

% yield 

Standard 

reaction 

% yield 

with ligand 

Nd- NSAA 

% yield 

with ligand 

Sm-NSAA 

% yield 

with ligand 

Gd-NSAA 

% yield 

increase 

with Nd-

NSAA 

% yield 

increase 

with Sm-

NSAA 

% yield 

increase 

with Gd-

NSAA 

Room temp. 

(25 
0
C) 

2 hrs. 

56.25% 59.51% 60.87% 63.86% 5.80% 8.21% 13.53% 

 

I. Kinetic study 

Three, second order reactions were selected for the catalytic study of synthesized complexes, hydrogen peroxide with potassium 

iodide, potassium bromate with potassium iodide and potassium persulphate with potassium iodide.[25] 

K2S2O8 + 2KI → 2K2SO4 + I2 

KBrO3 + 6KI +6 Cl → KBr + 6KCl + 3 2O + 3I2 

H2O2 + 2KI + H2SO4 → K2SO4 +I2 + 2H2O 

These three reactions were carried out without and with 1mol % catalytic amount of synthesized metal complexes. Out of three 

complexes, Nd-NSAA and Gd-NSAA were able to exceed the rate of reaction between potassium bromate with potassium 

iodide.  For the rate of reaction between potassium persulphate with potassium iodide, all complexes  Nd-NSAA, Sm-NSAA, 

and Gd-NSAA were able to increase the rate of reaction. The complex of Nd-NSAA was only complex which able to exceed the 

rate of reaction between hydrogen peroxide with potassium iodide. 
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Table 09:  Reaction rate with Ln-NSAA and without Ln-NSAA 

Reaction KBrO3 + KI + HCl K2S2O8 + KI H2O2 + KI+H2SO4 

k without metal complex 2.28 x 10
-4

 3.00 x 10
-5

 3.91 x 10
-4

 

k with Nd-NSAA 3.44 x 10
-4

 5.70 x 10
-5

 6.26 x 10
-4

 

k with Sm-NSAA 2.24 x 10
-4

 3.81 x 10
-5

 3.27 x 10
-4

 

k with Gd-NSAA 3.63 x 10
-4

 4.54 x 10
-5

 3.90 x 10
-4

 

% Increase in reaction rate 

at 305 k temp. Nd-NSAA 
50.87 % 90.00 % 60.10 % 

% Increase in reaction rate 

at 305 k temp. Sm-NSAA 
-1.75 % 27.00 % -16.36 % 

% Increase in reaction rate 

at 305 k temp. Gd-NSAA 
59.21 % 51.33 % -0.25 % 

Where, k indicates the rate of reaction, Negative sign indicates decrease in reaction rate 

J. Activation energy determination by Broido method 

Broido Method has been applied to TGA data to calculate the activation energy and kinetic parameters of the 

complexes[26-27]. The activation energy was calculated by applying following equation on TGA data. 

    (
 

 
)   (

  

 
)(
 

 
)           

Where, y denotes the fraction of number of initial molecules not yet decomposed. 

 Slope of plot lnln(1/y) vs. 1000/K related with activation energy as follow: 

Activation energy (Ea) = -2.303 x R x slope 

Where, R = gas constant 

Activation energy evaluated for thermal decomposition of complexes are shown in table :10 

Table 10:  Activation energy of complexes 

Complexes Temp. range Activation energy 

Nd-NSAA 82°C to 107°C 62.35 kJ·mol
-1

 

Sm-NSAA 65°C to 85°C 63.97 kJ·mol
-1

 

Gd-NSAA 86°C to 126°C 26.59 kJ·mol
-1
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Figure 11: Graph of ln[ln(1/y)] vs 1000/T for complexes 

K. Antibacterial activity 

Table 11:  Results of antibacterial activity of ligand and its metal complexes 

Sr. 

no 
Bacterial species μg/ml NSAA Nd-NSAA Sm-NSAA Gd-NSAA Ciprofloxacin 

1 
B. subtilis 

(G
+
) 

100 μg/ml + + ++ + ++++ 

200 μg/ml + ++ ++ + ++++ 

300 μg/ml + +++ +++ ++ ++++ 

400 μg/ml ++ +++ ++++ +++ ++++ 

2 

Staphylococcus 

Aureus 

(G
+
) 

100 μg/ml + + + + ++++ 

200 μg/ml + ++ + + ++++ 

300 μg/ml + +++ ++ ++ ++++ 

400 μg/ml ++ +++ +++ ++ ++++ 

3 
E. coli 

(G
-
) 

100 μg/ml - + + + ++++ 

200 μg/ml - + ++ + ++++ 

300 μg/ml + ++ ++ ++ ++++ 

400 μg/ml + ++ +++ ++ ++++ 

4 
P. aeruginosa 

(G
-
) 

100 μg/ml - + + + ++++ 

200 μg/ml - + ++ + ++++ 

300 μg/ml + ++ ++ ++ ++++ 

400 μg/ml + +++ +++ +++ ++++ 

G+ and G- indicate gram-positive and gram-negative bacterial species respectively. 

++++ indicates 26 to 30 mm, +++ indicates 21 to 25 mm, ++ indicates 16 to 20 mm, + indicates 11 to 15 mm, – indicates no 

zone 

The ligand is ordinarily active, and the complexes are more active as antibacterial. NSAA is less active against Gram’s 

negative bacteria as compared to Gram’s positive bacteria.  Mostly all the lanthanide complexes were found to express 

good antibacterial activities against four bacterial species  two Gram’s negative and two Gram’s positive  with rising 

concentration from 100 to 400 µg/mL as shown in table 11. Gram’s Positive Bacillus subtillis was the most affected bacterial 

species. Followed by Staphylococcus aureus. The activity increased with the rising concentration of complexes. The complex 

Sm-NSAA was the most effective inhibitor against all the four bacterial species as compared to Nd-NSAA and Gd-NSAA. 

Ligand-NSAA showed inhibitory effect on Gram’s positive bacteria but it could not exhibit any inhibitory effect on Gram’s 

negative bacteria at the concentration 100 µg/mL and 200 µg/mL. All the complexes were less active compared to 

Ciprofloxacin standard antibiotics. 
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IV. CONCLUSION 

The structure of the Schiff base and lanthanide complexes are determined with the techniques of elemental analysis, Uv-visible 

spectra, mass spectrometry, magnetic moment, and TGA. The characterization techniques confirm that the l igand (NSAA) 

is coordinated tridentate to the lanthanide metal ions via two oxygen of phenolic and carboxylic group and nitrogen from the 

azomethine group.  The thermal study and the values of activation energy proclaim that synthesized metal complexes are 

thermally stable. The catalytic effect of metal complexes on three second-order redox reactions have been also studied. In all 

redox reactions, Nd-NSAA and Gd-NSAA significantly increase rare of reactions. Ligand  (NSAA) and lanthanide complexes 

were screened for antibacterial activity against Bacillus subtilis, Staphylococcus Aureus, Escherichia coli, 

Pseudomonas aeruginosa using ciprofloxacin as standards antibiotic drug for comparison. It had been shown that Nd-

NSAA, Sm-NSAA and Gd-NSAA complexes show increased antimicrobial activity than Schiff base.  
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