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ABSTRACT 

New lead(II) complexes have been synthesized with Schiff bases derived from 4-methoxybenzaldehyde and amino 
acids (tryptophan, phenylalanine, valine, isoleucine, methionine, histidine, alanine, cysteine, serine and aspartic 
acid). These ligands act as monobasic bidentate species and coordinate to the lead atom through the azomethine 
nitrogen and carboxylate oxygen atom. The synthesized complexes have been characterized by conductance 
measurements, elemental analysis and molecular weight determinations. The mode of bonding of the ligands and 
lead(II) complexes have been confirmed on the basis of infrared, UV-visible, and 1H, and 13C NMR spectroscopic 
studies, and probable structures have been assigned to these complexes. The optimized structural parameters such as 
bond length, bond angles, HOMO orbital, LUMO orbital, dipole movement, electronegativity, global softeness, 
electrophilicity index and mulliken atomic charges were calculated by the methods based B3LYP on the density 
functional theory (DFT). The ligands and their corresponding lead(II) complexes have also been screened for 
antibacterial activities. 
Keywords: amino acids, lead(II) complexes, Schiff base, spectroscopic studies, DFT calculations, antibacterial 
activities. 
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INTRODUCTION 
Amino acids and their compounds with different metal ions play an important role in pharmaceutical, 
biological and industries.1-5 While one of the most important fields in coordination chemistry, Schiff-base 
has been thoroughly studied, including related syntheses, characterizations and applications. But so far, it 
is still a challenge to synthesize new Schiff-base because of the complexity of Schiff-base condensation 
reactions between carbonyl compounds and amines. Schiff bases are well known due to their wide range 
of applications in medicinal, pharmaceutical, agricultural and industrial fields.6-8 Metal complexes of 
Schiff bases have concerned a lot of interest due to their effective applications such as antifungal, 
antibacterial, anticancer and herbicidal activities.9–15 These studies have shown that complexation of 
metals to Schiff base ligands improves the antifungal, antibacterial, anticancer and antituberculosis 
activities of the ligands.16,17 There is great current research interest in the coordination chemistry of the 
metal complexes of Schiff bases due to the wide applications of these complexes in various fields.18-20 
Keeping in view the biological and medicinal importance of amino acids and the role of metal ions in 
biology, we herein report the synthesis of a new Schiff bases from the condensation reaction of 4-
methoxybenzaldhyde with various amino acids. These synthesized Schiff bases were further used to react 
with lead(II) ions to form their respective lead(II) complexes. The antimicrobial activities of these lead 
compounds have been compared with the corresponding free Schiff bases and standard drugs. 
                                      

EXPERIMENITAL 
Chemicals and solvents used were dried and purified by standard methods and moisture was excluded 
from the glass apparatus using CaCl2 drying tubes. Melting points were determined in open capillaries 
and are uncorrected. 
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Syntheses of ligands 
The ligands were synthesized by the condensation of 4-methoxybenzaldehyde (4.493 g, 0.033 mol) with 
the amino acids (2.870–6.145 g, 0.033 mol) (tryptophan, phenylalanine, valine, isoleucine, methionine, 
histidine, alanine, cysteine, serine and aspartic acid) in 1:1 molar ratio using methanol (125 ml) as the 
reaction medium and were then, it was refluxed for 3–4 h. After this it was put on cooling at room 
temperature and the solid products were obtained. The excess solvent was removed on a rotatory 
evaporator. It was dried further and then purified by re-crystallization from same solvent (Table 1).  
 

Syntheses of lead(II) complexes 

To weight amount of lead(II) acetate (1.35 mmol) was added to the calculated amount of the ligands (2.7 
mmol) in 1:2 molar ratio in dry benzene (60 ml), methanol (20 ml) mixture as reaction medium. The 
contents were refluxed on a fractionating column for 5–6 h and the acetic acid liberated in the reaction 
was removed azeotropically with solvent. Excess solvent was removed under reduced pressure and the 
compounds were dried in vacuum at 40±5 °C after repeated washing with dry cyclohexane. The 
compounds were purified by re-crystallization from same solvent (Table 2). The purity of the compounds 
was checked by TLC using silica gel-G as an adsorbent.  
 

Analytical methods and spectral measurements 
Lead was determined gravimetrically as PbO2. Nitrogen and sulphur were determined by Kjeldahl’s and 
Messenger’s methods, respectively. Molar conductance measurements were made in anhydrous 
dimethylformamide at 40±5 °C using a Systronics conductivity bride model 305. Molecular weight 
determinations were carried out by the Rast camphor method. The electronic spectra were recorded in on 
Agilent carry-60, UV-Vis spectrophotometer, in the range of 800–200 nm. The IR spectra of the ligands 
and metal complexes were recorded in KBr pellets using a Perkin-Elmer Spectrum-2 FTIR spectrometer 
in the range of 4000–400 cm−1. 1H and 13C NMR spectra were recorded on a BRUKER AVANCE II (400 
MHz) NMR spectrometer using DMSO-d6 as solvent at 400 MHz and 100 MHz, respectively. TMS was 
used as internal reference for 1H NMR and 13C NMR.  
 

Theoretical Investigations 

Density functional theory (DFT) calculations were carried out using the Gaussian 03 software package, 
and Gauss view visualization program.21 The geometry is optimized at B3LYP/LanL2DZ basic sets to 
predict the molecular structures. Calculations were carried out with Becke’s three parameter hybrid model 
using the B3LYP correlation functional method. With the aim to obtain a deeper understanding of the 
interaction between lead ion and on environment, total energy calculations within the density functional 
theory (DFT) frame work were carried out for L5H, L7H ligands and their synthesized complexes 
[Pb(L5)2, Pb(L7)2]. The optimized structures, HOMO-LUMO and Mulliken charges are presented and 
discussed. All the theoretical calculations manifested by Gaussian 03 software package.22 
 

Table-1: Analytical and physical data of the Schiff bases 

Comp. 
No. Ligands 

Formula & 
Colour 

Yield 
(%) 

M.P. 
ºC (d) 

Elemental Analysis 
%C %H %N %S 

L1H 3-(1H-indol-3-yl)-2-((4-
methoxy-benzylidene) 
amino)propanoic acid 

C19H18N2O3 
Light brown 

81 196 
70.68 

(70.79) 
5.60 

(5.63) 
8.58 

(8.69) 
- 

L2H 2-((4-methoxybenzyli-
dene)  amino)-3-phenyl-

propanoic acid 

C17H17NO3 
Cream 

88 212 
71.88 

(72.07) 
6.00 

(6.05) 
4.90 

(4.94) 
 

L3H 3-(1H-imidazol-4-yl)-2-((4-
methoxy-benzylidene) 
amino)propanoic acid 

C14H15N3O3 
Yellow 

72 220 (d) 
61.45 

(61.53) 
5.50 

(5.53) 
15.20 

(15.38) 
 

L4H 2-((4-methoxybenzyli- C13H17NO3 78 268 66.30 7.23 5.88  
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dene)amino)-3-methyl-
butanoic acid 

Light yellow (66.36) (7.28) (5.95) 

L5H 2-((4-methoxybenzyli-
dene) amino)-3-methyl-

pentanoic acid 

C14H19NO3 
Light brown 

76 258 
67.76 

(67.45) 
7.58 

(7.68) 
5.60 

(5.62) 
 

L6H 2-((4-methoxybenzyli-
dene) amino)-4-(methyl-

thio) butanoic acid 

C13H17NO3S 
Brown 

79 230 58.20 
(58.40) 

6.40 
(6.41) 

5.15 
(5.24) 

11.82 
(11.99) 

L7H 2-((4-methoxybenzyli-
dene) amino) propanoic 

acid 

C11H13NO3 
Brown 

75 250 (d) 
63.70 

(63.76) 
6.24 

(6.32) 
6.70 

(6.76) 
 

L8H 3-mercapto-2-((4-methoxy-
benzylidene) 

amino)propanoic acid 

C11H16NO4S 
Light 

69 170 
55.09 

(55.21) 
5.44 

(5.48) 
5.78 

(5.85) 
13.25 

(13.40) 

L9H 3-hydroxy-2-((4-methoxy-
benzylidene) amino) 

propanoic acid 

C11H13NO4 
Light brown 

70 204 
59.04 

(59.19) 
5.80 

(5.87) 
6.21 

(6.27) 
- 

L10H 2-((4-methoxybenzyli-
dene) amino)succinic acid 

C12H13NO5 
Brown 

68 320 
57.30 

(57.37) 
5.20 

(5.22) 
5.55 

(5.58) 
 

 
Antibacterial activity 

The few representative ligands and their corresponding lead(II) complexes have been screened for the 
growth of inhibitory activity in-vitro against Gram-positive  (Staphylococcus aureus, MTCC 3381; 
Bacillus cereus, MTCC 0430) and Gram-negative bacteria  (Escherichia coli, MTCC 0443; Klebsiella 

pneumonia, MTCC 0109) at concentration of 200 and 400 ppm by the agar well diffusion method. In-

vitro agar well diffusion method was adopted because of reproducibility and precision. In this method, 
the different test organisms were processed separately using a sterile swab over previously sterilized 
culture medium plates, and the zones of inhibition were measured around well. DMSO was used as 
negative control, and streptomycin was used as positive control. The plates were initially placed at low 
temperature for 1 h, so as to allow maximum diffusion of the compounds from the test well into the plate, 
and later incubated for 24 h at 30°C, after which the zones of inhibition could be easily observed. 
 

Table-2: Analytical and physical data of the lead(II) complexes with Schiff bases 

S. No. Products & Colour 
M.P. 
ºC (d) 

Yield 
(%) 

Elemental Analysis Mol. Wt. 
Found 

(Calcd.) %Pb %C %H %N %S 

Pb(L1)2 C38H34N4O6Pb 
Light brown 

220 
(d) 

74 
24.22 

(24.38) 
53.58 

(53.70) 
3.98 

(4.03) 
6.49 

(6.59) 
- 

842.12 
(849.90) 

Pb(L2)2 C34H32N2O6Pb 
Light yellow 

180 72 
26.88 

(26.85) 
52.83 

(52.91) 
4.08 

(4.18) 
3.52 

(3.63) 
- 

765.44 
(771.83) 

Pb(L3)2 C28H28N6O6Pb 
Dark brown 

168 65 27.44 
(27.56) 

44.65 
(44.74) 

3.71 
(3.75) 

(11.06 
11.18) 

- 743.87 
(751.76) 

Pb(L4)2 C26H32N2O6Pb 
Cream 

170 78 
30.50 

(30.66) 
46.33 

(46.21) 
4.68 

(4.77) 
4.02 

(4.15) 
- 

670.11 
(675.74) 

Pb(L5)2 C28H36N2O6Pb 
Off white 

162 70 
29.53 

(29.44) 
47.67 

(47.78) 
5.01 

(5.16) 
3.88 

(3.98) 
- 

698.56 
(703.80) 

Pb(L6)2 C26H32N2O6S2Pb 
Light brown 

148 75 
27.88 

(28.00) 
42.10 

(42.21) 
4.30 

(4.36) 
3.70 

(3.79) 
8.56 

(8.67) 
724.74 

(739.87) 
Pb(L7)2 C22H24N2O6Pb 

Light brown 
126 74 

33.32 
(33.44) 

42.76 
(42.64) 

3.78 
(3.90) 

4.50 
(4.52) 

- 
602.54 

(619.64) 
Pb(L8)2 C22H24N2O6S2Pb 

Cramish yallow 130 66 
30.21 

(30.30) 
38.47 

(38.64) 
3.50 

(3.54) 
4.07 

(4.10) 
9.25 

(9.38) 
680.63 

(683.77) 
Pb(L9)2 C22H24N2O8Pb 144 79 31.68 40.44 3.65 4.15 - 647.01 



 

  Vol. 9 | No. 4 |614 - 626 | October - December | 2016 

617 
LEAD(II) COMPLEXES OF SCHIFF BASES                                                                                                       Sunita Bhanuka and Har Lal Singh 
 

Cream (31.80) (40.55) (3.71) (4.30) (651.63) 
Pb(L10)2 C24H24N2O10Pb 

Light brown 
210 67 

29.22 
(29.28) 

40.65 
(40.73) 

3.32 
(3.42) 

3.92 
(3.96) 

- 
700.54 

(707.65) 
  

RESULTS AND DISCUSSION 

The reactions of lead(II) acetate with these ligands have been carried out in 1:2 molar ratios using 
anhydrous benzene and absolute methanol in 3:1 ratio as reaction medium. These reactions proceed with 
the liberation of acetic acid, which was azeotropically removed and are indicated below (Scheme-1). 
 

 
 

Scheme-1: Synthesis of lead(II) Complexes 
 
The reactions in scheme1 were found to be quite facile and could be completed in 5–6 hours of refluxing. 
All these complexes are intensively coloured and solids. They are insoluble in common organic solvents 
and only soluble in DMF and DMSO. Molar conductance values of the complexes in DMF (10−3 M 
solution at 25 °C) were 08–15 mho cm2 mol−1, indicating their non-electrolytic nature.   
 
Electronic spectra 
The spectra of the ligands and their lead(II) complexes were recorded in dry DMF. Two intense maxima 
are observed in the complexes at 210-220 and 382-390 nm which may be assigned to n–π* transition of 
the carboxylate group and of the azomethine (>CH=N) chromophore. The appreciable shifting observed 
in the n-π* transition (~370 nm) is due to the polarization in the >CH=N– bond caused by metal-ligand 
electron interaction. This clearly indicates the coordination of the azomethine nitrogen to the lead atom. A 
band in the region 350-345 nm in the spectra of the Schiff bases and lead(II) complexes is likely to be the 
secondary band of the benzene ring coupled with the intramolecular charge transfer transition taking place 
within the Schiff base moiety. Furthermore, sharp bands were observed in the region 305-335 nm in the 
spectra of the lead(II)complexes which could be assigned to the charge transfer transition from ligand to 
metal.23 
 
Infrared spectra 
The infrared spectra of the lead(II) complexes were compared with those of the free ligands (Table 3) in 
order to determine the coordination sites that may be involved in bond formation. The position and the 
intensities of these absorption bands are expected to be changed on complexation. The IR spectra of all 
the ligands show the absence of bands at ~3250 and ~1742 cm−1 due to ν(NH2) group of amino acids and 
ν(C=O) of aldehyde. Instead, a new prominent absorption band at1629±7cm−1 due to azomethine 
ν(CH=N) linkage appeared in all the ligands24 indicating that condensation between aldehyde moiety of 4-
methoxybenzaldehyde and that of amino group of amino acid has taken place resulting into the formation 
of the Schiff base ligands (L1H –L10H). Moreover, on comparison of the IR spectra of the ligands with 
their lead(II) complexes showed a major shift to lower wave numbers by 10–20 cm−1 in azomethine 
ν(CH=N) group at1612±6 cm−1 suggesting the involvement of the azomethine nitrogen with the lead(II) 
ion.25 The new bands appeared in the region of 422-454 cm−1 in the spectra of the lead(II) complexes, are 
assigned to stretching frequencies of ν(Pb←N) bond formations.26 The spectra of the ligands contain a 
broad absorption band appeared in the region 3140–2725 cm−1 which is assigned to hydrogen bonded 
ν(COOH). This band disappears on complexation, suggesting chelation of the carboxylate oxygen to the 
lead atom. The infrared spectra of complexes revealed that the asymmetric stretching vibration of 
ν(COO−) was shifted to a lower wave number compared to the parent ligands which indicate that the 
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coordination took place via the oxygen atom of the carboxylate anion. Complexes showed the asymmetric 
stretching vibration of ν(COO−) and symmetric stretching vibration of ν(COO−) are in the range of 1602–
1584 and 1328–1320 cm−1, respectively. This is attributable to νasym(COO−) and νsym(COO−) existing in 
the spectra of all the complexes, thus supporting the deprotonation of carboxylic group and coordination 
of its carboxylate oxygen to the lead(II) ion. The magnitude of ∆ν = [νasym(COO−) – νsym(COO−)] for the 
lead complexes falls in the range of 274–262 cm−1, indicating the carboxyl group in all the complexes is 
bonded in a monodentate manner.27,28 Moreover, for lead(II) complexes ∆ν below 200 cm−1 would be 
expected for bridging or chelating carboxylate, but greater than 200 cm−1 for the monodentate bonding 
carboxylate anions. Further evidence for the coordination to lead ion via oxygen atom was revealed by the 
presence of the ν(Pb–O) stretching bands29 in the spectra of lead(II) complexes in the region of 564–540 
cm−1. 

Table-3: Important IR spectral data (cm−1) of Schiff bases and their corresponding lead(II) complexes 
 

Compounds ν(COOH) ν(C=N−) ν(COO)asym ν(COO)sym ∆ν ν(Pb−O) ν(Pb←N) 
L1H 3125-2780  1632 s - - - - - 

Pb(L1)2 - 1618 s 1590 vs 1328 s 262 564 w 436 m 

L2H 3110-2757 1628 s - - - - - 

Pb(L2)2 - 1615 s 1602 s 1328 m 274 544 m 454 w 

L3H 3095-2878 1634 s - - - - - 

Pb(L3)2 - 1612 s 1588 s 1322 m 266 550 m 452 m 

L4H 3085-2776 1622 s - - - - - 

Pb(L4)2 - 1606 s 1590 s 1320 s 270 555 m 440 w 

L5H 3115-2786  1628 s - - - - - 

Pb(L5)2 - 1616 s 1584 vs 1320 s 264 560 w 422 w 

L6H 3105-2808 1636 s - - - - - 

Pb(L6)2 - 1615 s 1596 vs 1328 vs 268 540 w 430 m 

L7H 3102-2775  1634 s - - - - - 

Pb(L7)2 - 1618 s 1588 s 1322 s 266 558 m 428 m 

L8H 3085-2765 1622 s - - - - - 

Pb(L8)2 - 1610 s 1600 s 1326 m 274 544 m 425 w 

L9H 3092-2810  1630 s - - - - - 

Pb(L9)2 - 1618 s 1592 s 1322 m 270 540 w 436 w 

L10H 3140-2725 1626 s - - - - - 

Pb(L10)2 - 1610 s 1588 s 1323 m 265 548 m 425 w 
vs = very sharp, v = sharp, m = medium, w = weak 
 
1H NMR spectra 
In the 1H NMR spectra of lead(II) complexes, coordination of the ligands via azomethine nitrogen and 
carboxylate oxygen were established by downfield shifting of these signals in the lead(II) complexes due 
to the increased conjugation and coordination. The number of protons calculated from the integration 
curves and those obtained from the values of the expected CHN analyses agree with each other. The 
ligands also exhibit the OH proton signal at δ 11.20–12.65 ppm and is absent in the spectra of the 
corresponding lead(II) complexes, showing there by chelation of the ligand moiety through the 
deprotonated carboxylate oxygen. The 1H NMR spectra of the ligands, a sharp signal appears at ~ δ 8.50 
ppm due to the azomethine proton. It shifted downfield (~ δ 9.10 ppm) in the spectra lead(II) complexes 
in comparison with its original position in the ligands, due to the coordination of azomethine nitrogen to 
the lead atom. The ligands show a complex multiplet signal in the region δ 6.95–8.05 ppm for the 
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aromatic protons and it remains almost at the same position in the spectra of the metal complexes. The 
signal due to OCH3 protons remains unaltered in the metal complexes indicating that the OCH3 group is 
not taking part in the complexation. 
 
13C NMR spectra 
The 13C NMR spectral data for few representative and its corresponding lead complexes have been 
recorded in dry DMSO. The signals for the carbon atoms attached to the carboxylate and azomethine 
groups in the ligands appear at ~ δ 182.5 ppm and ~ δ 165.2 ppm, respectively. However, in the spectra of 
the corresponding lead complexes, these appears at ~ δ 170.5 ppm (due to the carboxylate group) and ~ δ 
155.4 ppm (due to the azomethine group), respectively. The shifting in the position of resonance of 
carbon of COOH group suggests the bonding of oxygen to the lead atom. Further, the shifting of the 
azomethine (>CH=N–) carbon signal in the spectra of the complexes as compared to the ligands, clearly 
indicates that the azomethine moiety has been involved in bond formation with lead atom. Figure-1 is the 
proposed structures of the lead(II) complexes. 
 

 

 
 

Fig.-1: Proposed Structure of lead(II) Complexes 
 
Thus on the basis of above discussion, it is clear that the ligands, by coordinating to tin atom through the 
azomethine nitrogen and carboxylate oxygen, behaves as bidentate ligands. Since all the resulting lead(II) 
complexes are monomeric.  

 
Theoretical Calculations 

Several attempts to grow appropriate crystal for X-ray crystallography were unsuccessful. Due to this 
problem the geometries of Pb(L5)2 and Pb(L7)2 complexes were optimized by Gaussion 03 with 
DFT/B3LYP/ LanL2DZ method to support the spectroscopic data. The various bond lengths and bond 
angles generated from the optimized structure of the representative complexes, [Pb(L5)2 and Pb(L7)2] 
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using Gaussian 03 software are given in the Table-4. The optimized geometry of both the model 
compounds furnished the total energy E(B3LYP), -825.119 a.u., -707.219 a.u. for ligands, where as -
1652.548 a. u, -1416.699 a.u. were the result obtained for the coordination complexes. Therefore, DFT 
calculations were carried out to understand the structures of the compounds in detail. Since the 
synthesized compounds are related and differ only in substituted R group, two compounds Pb(L5)2 and 
Pb(L7)2 were theoretically studied. Geometry optimization of the compounds Pb(L5)2 and Pb(L7)2 at the 
B3LYP/LanL2DZ level also suggests the distorted tetrahedral geometry for Pb(L5)2 and Pb(L7)2. The 
optimized structure for the compounds Pb(L5)2 is shown in Figure-2. The computed bond lengths, such as, 
Pb(1)−O(17), Pb(1)−N(2), Pb(1)−O(5) and Pb(1)−N(20) in the present complex [Pb(L7)2] are 2.104, 
2.149, 2.105 and 2.148 Å respectively. The significant computed bond angles in the complex [Pb(L7)2], 
such as, N(20)-Pb(1)-N(2), (117.19 °), N(20)-Pb(1)-O(17), (90.89°), N(20)-Pb(1)-O(5), (119.29°), N(2)-
Pb(1)-O(17), (120.42°), N(2)-Pb(1)-O(5), (90.95°), O(17)-Pb(1)-O(5), (120.89°) suggest the distorted 
tetrahedral structure of the present as well as the other complexes in question. The calculated Pb-O and 
Pb-N bond distances are also close to the already reported x-ray structures.30,31  
 

Table-4: Selected bond parameters of Pb(L5)2 and Pb(L7)2 complexes. 
 

Atoms 
Compounds 

Pb(L5)2 Pb(L7)2 

bond lengths (Å) 
  

O(17)-C(18) 1.375 1.376 

Pb(1)-O(17) 2.104 2.104 

N(20)-C(23) 1.272 1.273 

N(2)-Pb(1) 2.149 2.149 

Pb(1)-O(5) 2.104 2.105 

C(4)-O(5) 1.375 1.376 

N(20)-Pb(1) 2.148 2.149 

N(2)-C(8) 1.272 1.273 

bond angles of (°) 
  

N(20)-Pb(1)-N(2) 114.01 117.19 

N(20)-Pb(1)-O(17) 90.89 90.89 

N(20)-Pb(1)-O(5) 120.34 119.29 

N(2)-Pb(1)-O(17) 120.41 120.42 

N(2)-Pb(1)-O(5) 90.89 90.95 

O(17)-Pb(1)-O(5) 122.82 120.89 

 

Frontier Molecular Orbitals 

HOMO and LUMO orbitals play a key role in chemical reactions. One can determine the way the 
molecule interacts with other species. The HOMO is the orbital acts as an electron donor and the LUMO 
is the orbital acts as the electron acceptor, and the gap between HOMO and LUMO characterizes the 
molecular chemical stability.32 The HOMOs and LUMOs are known as Frontier orbitals, which played an 
important role for evaluating molecular chemical stability, chemical reactivity, hardness and softness of 
the molecule.33 The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 
orbital (LUMO) of the compounds are show in Figure 3 and Figure 4. The orbital energy levels of the 
HOMO and LUMO of ligands and their lead complexes are listed in Table-5. An electronic system with 
a larger HOMO-LUMO gap should be less reactive than one having a smaller gap. In the present study, 
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the LUMO-HOMO energy gap values of L5H, L7H, Pb(L5)2 and Pb(L7)2 are 6.514,  6.795, 1.008 and 
2.434 eV, respectively.  
 

Table-5: Computed molecular descriptions of Ligands L5H, L7H  and their lead(II) complexes 
 

Atoms 
Compounds 

L5H Pb(L5)2 L7H Pb(L7)2 

Total Energy (a.u.) -825.1196 -1652.5481 -707.2192 -1416.6993 

HOMO (eV) -9.054 -3.854 -8.986 -5.472 

LUMO (eV) -2.540 -2.846 -2.191 -3.038 

Energy Gap (eV) 6.514 1.008 6.795 2.434 
Electronegativity (χ) 
χ  = (EHOMO + ELUMO)/2 

-5.797 -3.350 -5.588 -4.255 

Chemical potential (µ, eV) 
(µ = ELUMO+EHOMO/2) 

5.797 3.350 5.588 4.255 

Chemical hardness (η, eV) 6.514 1.008 6.795 2.434 

Global softness (S = 1/η) 0.153 0.992 0.147 0.411 

Electrophilicity index (ω = µ2/ 2η) 2.579 5.567 2.298 3.719 

Dipole moment (Debye) 4.6498 12.6679 5.1775 7.9104 

 
 

 
 
 

Fig.-2: Molecular structure of complex [Pb(L5)2] along with the atom numbering scheme. 
 
The lower value in the HOMO and LUMO energy gap would explain the eventual charge-transfer 
interaction taking place within the molecules. The  low  HOMO  values  for ligands, indicated  that  this  
molecule  had  low ionisation  energies,  suggesting that  it  could  lose  electrons  easily. The band gaps 
values of the complexes are less than that of the free ligands and lead acetate. This means that in any 
excitation process, the tin complexes need less energy than that free ligands and lead acetate.34 
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Furthermore, the chemical hardness of a system implies resistance to charge transfer, where as global 
softness is proportional to the polarizability of the system (Table 5). The observed values of chemical 
hardness and global softness for the studied complexes imply that the complexes resist the charge 
transfer and hence possess low polarizability. Another electrophilicity index (ω) describes the electron 
accepting ability of the systems. High values of the electrophilicity index increase the electron accepting 
ability of the molecules. Thus, the electron accepting ability of lead(II) complexes are arranged in the 
following order: Pb(L5)2

 > Pb(L7)2 > L5H > L7H. 
 

 

 
 
 

Fig.-3: Optimized HOMO orbitals of Pb(L5)2 (a) and Pb(L5)2 (b) complexes. 
 
 

 
 
 

Fig.-4: Optimized LUMO orbitals of Pb(L5)2 (a) and Pb(L5)2 (b) complexes. 
 

Mulliken Atomic Charges  
The Mulliken atomic charges of L7H and Pb(L7)2 compounds calculated by DFT/B3LYP/lanl2DZ basic 
set. Mulliken atomic charges calculation has an important role of in the application of quantum chemical 
calculation to molecular system because atomic charges affect dipole moment, molecular polarizability, 
electronic structure, and a lot of properties of molecular system.35,36 The results are shown in Table 6. The 
Mulliken charge distribution of ligand shows that the azomethine nitrogen atom is more positive (0.0318) 
as compared to carboxylate oxygen atom (-0.3906). The lower negative charges on oxygen atoms are due 
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to the charge transfer in O–H/N-type intra-molecular hydrogen bonds. On the other hand, in the lead(II) 
complex, the charges of the oxygen and nitrogen atoms are negative. However, these negative charges are 
lower than observed in ligand. The charge of the Pb2+ ion in the Free State is +2.0. It is seen that the 
positive charge of the lead ion decreases to 1.0962 in Pb(L7)2 complex, which indicates that transfer of 
electrons from the ligand to the lead ion has occurred and the coordination bonds have formed.  The 
lead(II) atom has a positive charge in complexes.  
 

Table-6: The Mulliken atomic charge distribution calculated by b3lyp/lanl2dz of (L7H) and Pb(L7)2. 

L7H Mulliken Atomic Charges (Method/basis set, b3lyp/lanl2dz) 

Atoms Charges Atoms Charges Atoms Charges 

N1 -0.235136 O14 -0.184988 H27 0.096963 

C2 -0.016449 C15 -0.099901 H28 0.084187 

C3 0.248328 C16 -0.206795 H29 0.088900 

O4 -0.255690 C17 -0.129101 H30 0.070219 

O5 -0.238158 C18 -0.207387 H31 0.066013 

C6 -0.048144 H19 0.101464 H32 0.065994 

C7 0.023297 H20 0.231110 H33 0.067142 

C8 -0.032859 H21 0.084155 H34 0.067100 

C9 -0.068498 H22 0.085569 H35 0.066765 

C10 -0.093580 H23 0.083636 H36 0.072321 

C11 0.096155 H24 0.080615 H37 0.066389 

C12 -0.107761 H25 0.073688   

C13 -0.075883 H26 0.080319   

Pb(L7)2   
Pb1 1.096243 N20 -0.392814 H39 0.245183 

N2 -0.358781 O21 -0.222568 H40 0.268112 

C3 -0.177085 C22 -0.624823 H41 0.232848 

C4 0.192274 C23 -0.275306 H42 0.208793 

O5 -0.512310 C24 0.611831 H43 0.204360 

O6 -0.216671 C25 -0.397332 H44 0.211858 

C7 -0.642959 C26 -0.359030 H45 0.227686 

C8 -0.301731 C27 0.323360 H46 0.220991 

C9 0.643148 C28 -0.355533 H47 0.192613 

C10 -0.407193 C29 -0.364640 H48 0.238696 

C11 -0.356263 O30 -0.292202 H49 0.233211 

C12 0.353291 C31 -0.473186 H50 0.245455 

C13 -0.341748 H32 0.248970 H51 0.236719 

C14 -0.442917 H33 0.206458 H52 0.265631 

O15 -0.263656 H34 0.213833 H53 0.222306 

C16 -0.485038 H35 0.230969 H54 0.201418 

O17 -0.505798 H36 0.253887 H55 0.199139 

C18 0.162562 H37 0.234372   

C19 -0.104339 H38 0.247704   
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It has been noted that all hydrogen atoms are positively charged. It has also been observed that some 
carbon atoms are positive and some are negative.  In ligand (L7H), C2, C6, C9, C10, C12, C13 and C15 
are negatively charged atoms, while the remaining is positively charged. In the complex [Pb(L7)2], C4, 
C9, C12, C24 and C27 are positively charged atoms, while the others are negatively charged. Such a type 
of charge distribution generates the total dipole moment of 5.1775 and 7.9104 Debye for L7H and Pb(L7)2, 
respectively. 
 

Antibacterial activity 
In-vitro antibacterial activity of the few representative ligands (L1H, L2H, L5H and L6H), lead(II) 
complexes, standard drugs and DMSO were screened for their antibacterial activity against Gram-
negative bacteria (Escherichia coli (MTCC 0443), Klebsiella pneumoniae (MTCC 0109) and Gram-
positive bacteria (Staphylococcus aureus (MTCC 3381), Bacillus cereus (MTCC 0430). The agar well-
diffusion method was used in these assays and each experimental was performed in triplicate. The zone of 
inhibition value represents the mean value of three readings, which are shown in Table 7. The newly 
synthesized ligands (L1H & L2H) and their lead complexes showed zone of inhibition ranging 6.8 to 18.5 
mm against Gram-positive and 5.7 to 16.3 mm against Gram-negative bacteria.  Ligands (L5H & L6H) 
and their lead(II) complexes showed zone of inhibition ranging 10.8 to 24.5 mm against Gram-positive  

and 8.7 to 22.4 mm against Gram-negative bacteria.  The results show that all compounds exhibit 
antibacterial activity and in many case, the lead complexes are more potent in their inhibition properties 
than the free ligands. This can be explained in terms of the greater lipid solubility and cellular penetration 
of the complexes. The concentration of a compound is another important factor on which the inhibition 
growth is affected. At lower concentration growth will be slowed down, while at higher concentration 
more enzymes will become inhibited, leading to a quicker death of organism. The increase in the activity 
of lead(II) complexes as compared to the parent ligand may be due to the complex formation in which the 
ligand is coordinated to the central lead atom through the oxygen and azomethine nitrogen leading to an 
increased biocidal action. Almost all the compounds were found to be more active against all the 
microorganisms used than the ligands themselves. The preliminary results achieved have led us to 
conclude that these types of complexes should be studied in detail for their applications in diverse areas.  
 

Table-7: Antibacterial Activity of representative Ligands and their corresponding lead(II) complexes. 
 

Compounds 
 

Inhibition zone (mm) 
E. coli K. pneumoniae B. cereus S. aureus 

200 ppm 400 ppm 200 ppm 400 ppm 200 ppm 400 ppm 200 ppm 400 ppm 

L1H 7.7 8.5 5.7 8.2 6.8 8.5 10.3 14.6 

Pb(L1)2 10.6 11.3 8.4 11.2 8.8 10.4 12.9 17.1 

L2H 9.5 11.1 8.9 10.3 7.9 10.4 10.6 14.5 
Pb(L2)2 14.4 16.3 12.3 15.2 11.5 16.1 15.2 18.5 
L5H 9.7 11.5 8.7 11.9 10.8 11.7 11.2 13.9 
Pb(L5)2 14.6 18.1 14.1 17.2 13.3 17.2 16.2 20.4 
L6H 12.4 14.2 11.2 13.4 14.4 15.2 14.8 16.6 

Pb(L6)2 18.8 22.4 15.4 20.6 17.5 20.2 19.6 24.5 
Streptomycin 20 23 20 22 23 26 22 26 
DMSO 0 0 0 0 0 0 0 0 

MTCC 0430: Bacillus cereus, MTCC 0443: Escherichia coli, MTCC 0109: Klebsiella pneumoniae and MTCC 3381: 
Staphylococcus aureus.  
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CONCLUSION 
A new series of lead(II) complexes with amino acid Schiff bases were successfully synthesized and 
characterized. Based on various physiochemical and structural investigations, it was concluded that the 
ligands act as bidentate and coordinated through azomethine nitrogen and carboxylate oxygen to the lead 
atom. HOMO and LUMO calculations showed the lead(II) complexes are kinetically more stable than the 
ligands. The lead(II) derivatives were found to be more inhibitory than corresponding Schiff bases in the 
result of antibacterial activities, and the activity increases with the concentration increases. 
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