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 Abstract: The multi-dentate Schiff base ligand (H2L), where H2L=2,2'-(((1,3,5,6)-1-(3-
((l1-oxidaneyl)-l5-methyl)-4-hydroxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)hepta-1,6-di 
ene-3,5-diylidene)bis(azaneylylidene))bis(3-(4-hydroxyphenyl)propanoic acid), has been 
prepared from curcumin and L- Tyrosine amino acid. The synthesized Schiff base ligand 
(H2L) and the second ligand 1,10-phenanthroline (phen) are used to prepare the new 
complexes [Al(L)(phen)]Cl, K[Ag(L)(phen)] and [Pb(L)(phen)]. The synthesized 
compounds are characterized by magnetic susceptibility measurements, micro elemental 
analysis (C.H.N), mass spectrometry, molar conductance, FT-infrared, UV-visible, 
atomic absorption (AA), 13C-NMR, and 1H-NMR spectral studies. The characterization 
of the synthesized complexes shows that the environment surrounding the central metal 
ion in the complexes adopted a distorted octahedral configuration. Moreover, the 
conductivity measurements show a non-electrolytic character for the [Pb(L)(phen)] 
complex and an electrolytic character for the [Al(L)(phen)]Cl and K[Ag(L)(phen)] 
complexes. The experimental infrared data are supported by density functional theory 
(DFT) calculations using the B3LYP level of theory and LANL2DZ basis set. The 
vibrational frequencies of the molecules are computed using the optimized geometry 
obtained from the DFT calculations. The calculated vibrational frequencies have been 
compared with obtained experimental values. 1H and 13C-NMR chemical shifts were 
computed for the H2L ligand using the DFT/GIAO method. Additionally, the molecular 
electronic structures of the complexes have been investigated by DFT calculations. 
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■ INTRODUCTION 

Schiff base derived from curcumin has much 
attention due to its various medicinal properties against 
expanding and dangerous diseases, such as different types 
of cancer and diabetes. Curcumin has various biological 
activities includes antioxidant, anti-inflammatory, 
antiviral, antibacterial, and many more studies [1-2]. The 
curcumin Schiff base was coordinated to the metal ion 
due to their catalytic power and antioxidant activity of 
these complexes [3]. 

In drug design, targeting is an important 
phenomenon because toxicity is often encountered only if 
the drugs are not delivered to the specific tissues, cells, and 
receptors where they are required. If the active species of 

drugs contain metal complexes, then the complexes can 
spontaneously undergo biological reactions such as 
ligand substitution and redox reactions. Thus, 
enumerating the mechanism of the active species on 
biological reactions is expected to yield valuable 
information about using the metal complexes as drugs 
[4]. 

During the last few decades, metal carboxylates 
have been the subject of extensive investigations because 
of their remarkable structural diversity and significant 
biological activity, for example, pesticidal, bactericidal, 
and antitumor agents [5]. The antimicrobial activities of 
lead compounds of Schiff base have been compared with 
the corresponding free Schiff bases and standard drugs 
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[6]. Silver-containing compounds are attractive because, 
in the range of the applicable concentrations, silver ions 
do not exhibit toxicity and carcinogenic activities. There 
is an increased interest in the potential use of silver (I) as 
a therapeutic agent for different antimicrobial 
applications [7]. 

Another attractive property of Schiff bases is their 
use as an effective corrosion inhibitor. They have been 
studied extensively as a class of ligands and are known to 
coordinate with metal ions through the azomethine 
nitrogen atom. The ligation nature of Schiff base shows a 
great potentiometric sensor as they have shown excellent 
selectivity, sensitivity, and stability for specific metal ions 
such as Ag(I), Al(III), Co(II), Cu(II), Gd(III), Hg(II), 
Ni(II), Pb(II), Y(III), and Zn(II), Fe(III), Cd(II). The 
bonding of Schiff base in their complexes is due to the 
donor nature of neutral N of azomethine linkage [8]. 

This research focused on the production and 
identification of Schiff bases derived from curcumin and 
L-Tyrosine amino acid and treatment with some metallic 
and non-metallic elements. Density functional theory 
(DFT) calculations, including geometry optimization, 
vibrational frequency analysis, and electronic structures, 
were reported for the synthesized molecules using the 
B3LYP level of theory and LANL2DZ basis set. 

■ EXPERIMENTAL SECTION 

Materials 

Aluminum chloride (AlCl3, 99% Sigma-Aldrich, 
Germany), silver nitrate (AgNO3, ≥ 99.0%, Sigma-
Aldrich, Germany), lead nitrate (Pb(NO3)2, ≥ 99.95% 
Sigma-Aldrich, Germany), curcumin (≥ 98.0% Sigma-
Aldrich, Germany), L-Tyrosine (≥ 98% Sigma-Aldrich, 
Germany), methanol (≥ 99.8% Sigma-Aldrich, Germany) 
and dimethyl sulfoxide (DMSO, ≥ 99.7% Sigma-Aldrich, 
Germany) were used as supplied. 

Instrumentation 

Melting points (M.P) were recorded by MPA160 – 
Digi Melt melting point apparatus. Elemental analyses (C, 
H, N) of ligand were performed by Eager300 for EA1112 
Thermal Finnegan C.H.N.S 2400 elemental analyzer. The 
(AAS) analysis in complexes was recorded by using a fair 

agreement method by used the device from type 
Shimadzu (A.A 620) atomic absorption spectrophoto 
meter. The molar conductivity measurements of the 
complexes with 10−3 mol L-1 in dimethyl sulfoxide 
(DMSO) were performed by using a device digital 
conductivity series Ino.Lab.720. Magnetic 
measurements of the complexes were measured by using 
Balance Johnson Mattey. The mass spectrum of ligand 
was determined by using Ion source: Electron Impact 
(EI) 70eV mass spectra register on manufacturer 
company: Agilent Technology 1. MS Model: 5973 
spectrometers. Ultraviolet-visible spectra were obtained 
by using DMSO as a solvent and a concentration of 10−3 
mol L–1 for the ligand and complexes. Ultraviolet-visible 
spectra were carried by double-beam UV-visible 
spectrophotometry type U.V 160A (Shimadzu) at the 
range between 200 and 1100 nm with a 1 cm quartz cell. 
The Fourier-transform infrared spectra were recorded 
using KBr pellets on Shimadzu FT-IR 8400S 
spectrophotometry. The Fourier-transform infrared 
spectra were recorded at the range of 400 to 4000 cm−1. 
1H and 13C-NMR spectra were obtained from (DMSO) 
d6 Solution using an Inova 500 MHz. 

Procedure 

Preparation of the ligand 
The ligand (Schiff base) was prepared by 

condensation of L-Tyrosine (0.362 g, 2 mmol) dissolved 
in 25 mL of hot water-ethanol mixture (1:1, ratio) 
solution and Curcumin (0.368 g, 1 mmol) dissolved in 
25 mL of hot ethanol. The mixture was refluxed for 
about 10 h with the TLC technique observed until 
obtained a yellow-brown precipitate. It was filtered and 
purified by repeated washing with water-ethanol, as 
recrystallized from hot ethanol. The preparation of the 
Schiff base ligand H2L is summarized in Scheme 1. The 
yield of the prepared Schiff base ligand, H2L, was 81% 
(solid, Color: pale brown, m.p. 150–152 °C). FTIR (KBr, 
cm–1): 3508 (ν(O–H), –COOH), 3400 (ν(O–H), 
phenolic), 1629 (ν(C=N)), 1595 (vas(COO), –COOH), 
1425 (vs(COO), –COOH), 1244 (ν(C–O), phenolic). 
UV-Vis spectroscopy (10-3 mol L–1 concentration in 
DMSO, λmax nm): 272, 433. 1H-NMR (500 MHz, DMSO-
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d6): δ 9.66 (bs, 2H, OH), 7.54 (d, 4H, C6H4), 7.31 (d, 4H, 
C6H4), 7.15 (s, 2H, C=CH), 6.83–6.66 (m, 6H, C6H3), 6.06 
(s, 2H, C=CH), 3.83 (s, 6H, OCH3), 3.74–3.36 (m, 8H, CH, 
CH2). 13C-NMR (500 MHz, DMSO-d6): δ 183.2, 166.4, 
149.4, 148.0, 147.0, 140.7, 140.4, 130.3, 126.3, 123.1, 121.1, 
120.8, 119.6, 119.5, 115.9, 115.7, 111.3, 111.3, 100.8, 55.7. 
Anal. Calcd. for C39H38N2O10 (694.25 g/mol): C, 67.43; H, 
5.51; N, 4.03; O, 23.03%. Found: C, 66.41; H, 5.39; N, 
4.09%. 

Preparation of the [Pb(L)(phen)] complex 
1.0 mmol of lead(II) nitrate is dissolved in 10 mL of 

absolute ethanol to obtain metal ion (Pb2+) solution. A 
ligand solution is obtained by dissolving 1.0 mmol of 
Schiff base ligand, 2.0 mmol of potassium hydroxide, and 
1.0 mmol of 1,10-phenanthroline in 15 mL of absolute 
ethanol. The ligand solution is gradually added to the 
metal ion (Pb2+) solution with constant stirring for 30 min 
to obtain the precipitate. The precipitate is filtrated and 
washed several times in a mixture of solvent (ethanol: 
distilled water, 50%). The precipitate is recrystallized from 
the hot ethanol. The preparation of the [Pb(L)(phen)] 
complex is summarized in Scheme 2. The yield of the 
[Pb(L)(phen)] complex, was 89% (solid, Color: brown, 
m.p. 156–158 °C). FTIR (KBr, cm–1): 3435 (ν(O–H), 
phenolic), 1620 (ν(C=N)), 1581 (vas(COO), –COOH), 
1384 (vs(COO), –COOH), 1246 (ν(C–O), phenolic), 576 
(ν(Pb–O)), 464 (ν(Pb–N)). UV-Vis spectroscopy (10–3 
mol L–1 concentration in DMSO, λmax nm): 271, 435, 735. 
Metal percent in [Pb(L)(phen)] complex, calculated: 
19.18%. Found: 18.01%. Molar conductivity (10–3 mol L–1 
concentration in DMSO): 5.6 Ω–1 cm2 mol–1. 

Preparation of the [Al(L)(phen)]Cl complex 
1.0 mmol aluminium(III) chloride is dissolved in 10 

mL of absolute ethanol to obtain a homogeneous metal 

ion (Al3+) solution. A ligand solution is obtained by 
dissolving 1.0 mmol of Schiff base ligand, 2.0 mmol of 
potassium hydroxide, and 1.0 mmol of 1,10-
phenanthroline in 15 mL of absolute ethanol. The ligand 
solution is gradually added to the metal ion (Al3+) 
solution with constant stirring for 30 min to obtain the 
precipitate. The precipitate is filtrated and washed 
several times in a mixture of solvent (ethanol: distilled 
water, 50%). The precipitate is recrystallized from the 
hot ethanol. The preparation of the [Al(L)(phen)]Cl 
complex is summarized in Scheme 2. The yield of the 
[Al(L)(phen)]Cl complex, was 60% (solid, Color: pale 
yellow, m.p. 222–224 °C). FTIR (KBr, cm–1): 3398 (ν(O–
H), phenolic), 1612 (ν(C=N)), 1589 (vas(COO),  
–COOH), 1363 (vs(COO), –COOH), 1244 (ν(C-O), 
phenolic), 576 (ν(Al–O)), 474 (ν(Al–N)). UV-Vis 
spectroscopy (10-3 mol L–1 concentration in DMSO, λmax 
nm): 279, 442, 802. Metal percent in [Al(L)(phen)]Cl 
complex, calculated: 2.88%. Found: 3.4%. Molar 
conductivity (10–3 mol L–1 concentration in DMSO):  
42.5 Ω–1 cm2 mol–1. 

Preparation of the K[Ag(L)(phen)] complex 
1.0 mmol silver(I) nitrate is dissolved in 10 mL of 

absolute ethanol to obtain a homogeneous metal ion 
(Ag+) solution. A ligand solution is obtained by 
dissolving 1.0 mmol of Schiff base ligand, 2.0 mmol of 
potassium hydroxide, and 1.0 mmol of 1,10-
phenanthroline in 15 mL of absolute ethanol. The ligand 
solution is gradually added to the metal ion (Ag+) 
solution with constant stirring for 30 min to obtain the 
precipitate. The precipitate is filtrated and washed several 
times in a mixture of solvent (ethanol: distilled water, 
50%). The precipitate is recrystallized from the hot 
ethanol. The preparation of the K[Ag(L)(phen)] complex  
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Scheme 1. Preparation of the Schiff base ligand 
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Scheme 2. Preparation of the [Pb(L)(phen)], [Al(L)(phen)]Cl and K[Ag(L)(phen)] complexes 

 
is summarized in Scheme 2. The yield of the 
K[Ag(L)(phen)] complex, was 79% (solid, Color: pale 
brown, m.p. 188–189 °C). FTIR (KBr, cm–1): 3396 (ν(O–
H), phenolic), 1620 (ν(C=N)), 1583 (vas(COO), –COOH), 
1382 (vs(COO), –COOH), 1244 (ν(C–O), phenolic), 578 
(ν(Ag–O)), 474 (ν(Ag–N)). UV-Vis spectroscopy (10–3 
mol L–1 concentration in DMSO, λmax nm): 286, 428, 707, 
829. Metal percent in [Al(L)(phen)]Cl complex, calculated: 
10.58%. Found: 7.92%. Molar conductivity (10–3 mol L–1 
concentration in DMSO): 37.2 Ω–1 cm2 mol–1. 

Computational details 
Gaussian 09 software [9] is used to perform the DFT 

calculations. All structures of the synthesized compounds 
were optimized at the B3LYP/LANL2DZ level of theory 

[10]. Several researchers used the LANL2DZ as a basis 
set in DFT calculations of systems that included Ag and 
Pb atoms [11-12]. The GaussView 5.0, supported by 
Gaussian Inc. [9], was used to generate the input files 
that correspond to the DFT calculations. The GaussView 
5.0 software is used to visualize and analyze the data 
obtained from Gaussian09 output results. A frequency 
calculation was performed to identify the most stable 
structures of the synthesized compounds. The absence of 
the imaginary frequencies in the calculated vibrational 
modes indicates that the corresponding optimized 
structure of the molecule is the most stable one. The 
obtained values of the vibrational modes from the DFT 
calculations were scaled by a factor of 0.966 [13]. The 
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DFT/GIAO (gauge-independent atomic orbital) method 
was used to calculate and assign the 1H and 13C-NMR 
chemical shifts for carbon and hydrogen atoms of the H2L 
ligand. The isotropic atomic chemical shifts in ppm unit 
were calculated as differences between the atomic isotropic 
shielding of the H2L ligand and the corresponding 
reference atoms in TMS (tetramethylsilane). The energies 
and electron densities of the frontiers' molecular orbitals 
were calculated using the B3LYP level of theory and the 
LANL2DZ as a basis set. The excited states were computed 
for all compounds at the same level of theory using the 
TD-DFT (Time-Dependent Density Functional Theory) 
method [14]. The TD-DFT calculations were performed 
in DMSO solvent using the CPCM solvation model 
(conductor-like polarizable continuum model) [15]. The 
Projected density of states (PDOS) has been obtained 
through the calculated orbital populations for all 
compounds at the same level of theory, using GAUSSSUM 
3.0 program [16]. 

■ RESULTS AND DISCUSSION 

Generally, this study included synthesis Schiff base 
ligand (H2L) multi-dentate (N2O2) couple negative charge 
derived from (1 mmol) curcumin and (2 mmol) of L-
Tyrosine amino acid. The synthesized Schiff base metal 
complexes and some physicochemical properties are 
listed in Table 1. Cl– ions were not detected by the 
addition of AgNO3 solution to the solutions of the three 
complexes for K[Ag(L)(phen)] and [Pb(L)(phen)] but 

detected for [Al(L)(phen)]Cl complex. The 
K[Ag(L)(phen)], [Pb(L)(phen)] and [Al(L)(phen)]Cl 
complexes are stable in the air environment and have 
higher melting points. The solubility test indicates that 
these complexes are soluble in DMF, DMSO, and 
concentrated HCl acid. They are insoluble in H2O and 
partially soluble in ethanol, acetone methanol, and most 
organic solvents. The molar conductivity values for 10–3 
mol L–1 concentration of the K[Ag(L)(phen)], 
[Pb(L)(phen)] and [Al(L)(phen)]Cl complexes in 
DMSO solvent are listed in Table 1. For the 
K[Ag(L)(phen)] and [Al(L)(Phen)]Cl complexes the 
molar conductivity are 37.2 and 42.5 Ω–1 cm2 mol–1, 
respectively. These results suggest that these complexes 
are electrolytes. The molar conductivity of the 
[Pb(L)(phen)] complex is 5.6 Ω–1 cm2 mol–1, which is 
revealing a non-electrolyte nature of this complex. 

Mass Spectrum 

The mass spectral fragmentation of the Schiff base 
ligand (H2L) is displayed in Fig. 1. In the spectrum (Fig. 
1), the peak positions of the structure consist with the 
formulas [C39H38N2O10], [C39H36N2O10], [C39H37N2O9], 
[C39H52N2O7], [C37H58N2O3] and [C36H68N2O2] appears at 
m/z values of 694, 692, 676, 660, 579 and 555, 
respectively. These spectral fragmentations allowed us to 
determine the molecular weight of the H2L ligand, which 
is consists of the chemical formula [C39H38N2O10], and 
equal to 694 g mol–1. 

Table 1. Formula weight, melting point, color, metal percent, percentage yield and conductivity measurement of the 
H2L, phen, K[Ag(L)(phen)], [Pb(L)(phen)] and [Al(L)(phen)]Cl compounds 

Compound 
Formula weight 

(g mol–1) 
Color Melting point 

(°C) 
Metal % 

Λm 
(Ω–1 cm2 mol–1) 

% Yield 

H2L 694.25 Yellow brown 150–152 - - 81 
phen 180.21 - - - - - 

[Al(L)(phen)]Cl 935.36 Pale yellow 222–224 
2.88a 

3.4b 37.2c 60 

K[Ag(L)(phen)] 1019.90 Pale brown 188–189 
10.58a 

7.92b 42.5c 79 

[Pb(L)(phen)] 1080.13 Brown 156–158 
19.18a 

18.01b 5.6c 89 

a: theoretical value calculated from the molecular formula of the complex, b: experimental value where determined according to the 
reported method in reference [17], c: measured in DMSO 
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Fig 1. Fragmentation mass spectrum of Schiff base (H2L) 

 
1H and 13C-NMR Spectra of the Tetradentate Schiff 
Base Ligand (H2L) 

1H-NMR spectrum of the prepared Schiff base 
ligand, H2L, in DMSO solvent is shown in Fig. 2. In Fig. 2, 
a signal appeared at 9.66 ppm which corresponds to the 
hydrogen atom of the phenolic hydroxyl group. 
According to the DFT/GIAO calculations, the theoretical 
chemical shift value of the proton of the phenolic 
hydroxyl group is obtained at 9.44 ppm. Multiples peaks 
appear in the range of 6.83–6.66 ppm and 7.56–7.32 ppm 
are corresponding to the benzene ring protons [18]. The 
calculated values for these peaks are in perfect agreement 
with those obtained experimentally, and they are 
observed in the range of 7.77–7.21 and 6.90–6.35 ppm. 
The peaks at 6.06 and 7.15 ppm are assigned to the 
protons of the C=CH group. The calculated chemical shift 
value of the C=CH group protons are at 5.74 and 7.10 
ppm. The peak at 3.83 ppm is assigned to the protons of 
the OCH3 [19-20]. The calculated chemical shift value, 
obtained by the DFT/GIAO method, of the OCH3 
protons, appeared at 3.80 ppm. The multiples peaks that 
appeared in the range 3.74–3.36 ppm correspond to the 

CH and CH2 groups. The corresponding calculated 
chemical shift values of the proton of the CH and CH2 
groups are in the range of 3.41–3.00 ppm. The missing 
of the carboxylic proton signal in the spectrum of Fig. 2 
is due to hydrogen bonding in the ligand structure [21]. 

The 13C-NMR spectrum of tetradentate Schiff base 
ligand (H2L) is shown in Fig. 3. The spectrum of Fig. 3 
shows a clear a strong peak at 183.2 ppm, which is an 
attribute to the carbonyl moiety of the carboxylic group 
[22]. The calculated chemical shift value of the carbon 
atom of the carboxylic group appears at 178.6 ppm. Also, 
peaks appeared at 149.4, 166.4, 148.0–147.0, 140.7–140.4, 
and 130.3 ppm are assigned to the carbons of the C-OH 
(carbon of benzene ring), C=N (azomethine), C–OCH3 
(carbon of benzene ring), C=C (ethylene) and (HOOC–
CH–N) groups, respectively [23]. The calculated peaks 
corresponding to the chemical shift of the carbons of the 
C–OH (carbon of benzene ring), C=N (azomethine), C–
OCH3 (carbon of benzene ring), C=C (ethylene), and 
(HOOC–CH–N) groups are observed at 149.7, 163.8, 
146.0–145.2, 143.7–143.0, and 136.4 ppm, respectively. 
In the  recorded spectrum,  the peaks  correspond to the  
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Fig 2. 1H-NMR spectrum of tetradentate Schiff base (H2L) 

 
Fig 3. 13C-NMR spectrum of tetradentate Schiff base (H2L) 
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aromatic ring that appears in the range 111.3–126.3 ppm 
[24] and in the calculated one appears in the range 109.0–
135.0 ppm. Additional signals appear at 55.7 ppm and are 
assigned to the methoxy carbons [25]. The calculated 
chemical shift value of the carbon atom of the methoxy 
carbon of the H2L is very close to each other and appears 
at 56.75 ppm and 56.59 ppm. The chemical shift value of 
the carbon of the methylene (CH2) group is observed at 
100.8 ppm experimentally. The calculated chemical shift 
value of the carbon atom of the methylene group is  
106.3 ppm. 

Vibrational Frequencies Results 

Selected vibrational frequencies of infrared spectra 
of the [Al(L)(phen)]Cl, K[Ag(L)(phen)], and 
[Pb(L)(phen)] complexes and the H2L ligand are given in 
Table 2. The assignments for the observed infrared bands 
were based on the calculated vibrational modes and the 
literature data [26-30]. The spectrum of the H2L ligand 
shows a band at 3508, 3400, 1629, 1595, and 1425 cm–1 
which are attributed to ν(O-H)carboxylic, ν(O-H)phenolic, 
ν(C=N)azomethene, vas(COO) and νs(COO), respectively. The 
ν(O–H)carboxylic band disappeared in the infrared spectra of 
all complexes. This result confirms a complete 
replacement of the H+ of the carboxylic group of the H2L 
ligand by K+ during the synthesis steps of the complexes 
(Scheme 1). The ν(C=N)azomethine, vas(COO), and νs(COO) 
bands appear at lower vibrational frequencies in the 
infrared spectra of all complexes as compared to those of 
the H2L ligand. The shifting to the lower frequencies of 

these bands indicates coordination via the oxygen atom 
of the carboxylic group and nitrogen of the azomethine 
group of the H2L ligand with the metal ion. The phenolic 
ν(C–O) band appears in the infrared spectra of all 
complexes at wavenumbers very close to that of the H2L 
ligand (Table 2). This result indicates that the phenolic 
hydroxyl group of the H2L ligand did not participate in 
the coordination with the metal ions. In the infrared 
spectra of all complexes, new bands at 464–474 cm–1 and 
576–578 cm–1 are observed and attributed to the v(M–
N) and ν(M–O), respectively. The appearance of these 
bands supported the coordination of the H2L ligand with 
the metal ions via oxygen and nitrogen atoms. 

UV-Vis Spectra 

The UV-vis spectra of the prepared ligand and its 
complex were recorded using 10–3 M concentration of 
each compound in DMSO solvent. The results of the 
UV-visible measurements of these compounds are listed 
in Table 3. The UV-vis spectrum of the ligand L shows 
only two peaks. The first absorption peak appears at  
272 nm (36765 cm–1) and is assigned to π→π*. This 
transition corresponds to the aromatic ring and double 
bonds fragments of the ligand L. The second absorption 
peak appears at 433 nm (23095 cm–1) and is assigned to 
n→π* transition. This transition corresponds to the 
azomethine (–C=NH), hydroxyl, amine, and methoxy 
groups of the ligand L. This conclusion is based on that 
these groups are possessing non-shared electronic pairs 
[31].  The  UV-visible   spectra  of  the  K[Ag(L)(phen)],  

Table 2. Infrared absorption (in cm–1) data as observed and calculated for the H2L, K[Ag(L)(phen)], [Pb(L)(phen)] 
and [Al(L)(phen)]Cl compounds 

Compound ν(O–H) 
carboxylic 

ν(O–H) 
phenolic 

ν(C=N) vas(COO) νs(COO) 
ν(C–O) 
phenolic 

ν(M–O) v(M–N) 

H2L 
3508 

(3579)a 
3400 

(3526)a 
1629 

(1622)a 
1595 

(1597)a 
1425 

(1445)a 
1244 

(1249)a 
- - 

[Al(L)(phen)]Cl - 
3398 

(3574)a 
1612 

(1601)a 
1589 

(1590)a 
1363 

(1366)a 
1244 

(1243)a 
576 

(583)a 
474 

(478)a 

k[Ag(L)(phen)] - 
3396 

(3527)a 
1620 

(1629)a 
1583 

(1580)a 
1382 

(1390)a 
1244 

(1242)a 
578 

(576)a 
474 

(480)a 

[Pb(L)(phen)] - 
3435 

(3592)a 
1620 

(1634)a 
1581 

(1582)a 
1384 

(1380)a 
1246 

(1244)a 
576 

(573)a 
464 

(456)a 
a: Calculated value according to B3LYP/LANL2DZ level, νs: symmetric stretching; νas: asymmetric stretching; ν: stretching; M: the 
corresponding metal 
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Table 3. Computed excitation energies, electronic transition configurations, and oscillator strengths (f) for the optical 
transitions in the visible region of the L ligand and the complexes (transitions with f ≥ 0.01 are listed) 

Compound 
Experimental results 

λmax (nm) 
TD-DFT results 

λmax (nm) Oscillator strength (f) Major contributions 

H2L 
272 

289 0.4171 H-3→L, H-2→L, H-2→L+1, H-1→L 
282 0.1513 H-3→L, H-2→L+1, H-1→L+1 

433 
427 0.4254 H-1→L, H→L+1 
425 0.2227 H-3→L, H-1→L, H→L+1  

[Al(L)(phen)]Cl 

279 290 0.0706 H→L+2 

442 
427 0.2941 H-2→L, H→L 
423 0.0624 H-3→L+1, H-3→L+2, H-1→L 

802 795 0.0803 H-2→L, H→L  

K[(Ag(L)(phen)] 

268 261 0.0444 H-1→L+1, H→L+1 
428 411 0.0217 H-1→L, H→L 
707 720 0.0251 H-3→L, H-2→L, H→L 
829 335 0.0163 H-3→L, H→L, H→L+1, H→L+2  

[Pb(L)(phen)] 

271 295 0.0144 H-6→L, H→L+2  
435 418 0.0122 H-4→L, H-2→L, H→L+1 

735 
730 0.116 H-3→L, H-1→L 
728 0.0137 H→L 

H: HOMO, L: LUMO 
 
[Al(L)(phen)] Cl, and [Pb(L)(phen)] complexes show 
appearing of peaks at different frequency values from that 
of the ligand H2L. Also, the UV-visible spectra of the 
complexes show the appearance of new frequencies that 
corresponds to charge transfer. These results support the 
coordination of the ligand L with metal ions. 

In the UV-visible spectrum of [Al(L)(phen)]Cl 
complex three peaks appeared. The first peak appeared at 
279 nm (358842 cm–1) with high intensity and 
corresponded to intra ligand transition. The second peak 
is due to the charge transfer and appears at 442 nm (22624 
cm–1). The third peak appears at 802 nm (12469 cm–1). 
This peak is attributed to metal (Al) → ligand (L) 
transition. The Al→L transition was detected by 
monitoring 4s→3p emission from Al(4s) atoms produced 
by pre disengagement of the excited complex [32]. 

The UV-visible spectrum of K[Ag(L)(phen)] 
complex shows the appearance of four peaks at 268 nm 
(37313 cm–1), 428 nm (23364 cm–1),707 nm (14144 cm–1) 
and 829 nm (12063 cm–1). The peaks at 268 nm (37313 
cm–1) and 428 nm (23364 cm–1) correspond to π→π* and 
n→π* transitions, respectively. The other two peaks are 
assigned to ligand-metal charge transfer transitions [23]. 

The UV-visible spectrum of [Pb(L)(phen)] complex 
shows a three peaks at 271 nm (36900 cm–1), 435 nm 
(22989 cm–1) and 735 nm (13605 cm–1). The transitions at 
271 nm (36900 cm–1) and 435 nm (22988 cm–1) correspond 
to conjugated π system and they are due to π→π* and to 
n→π* transitions, respectively. The third peak appeared 
at the visible area and corresponds to L-M charge transfer 
(C.T) transitions from COO– groups [32-33]. The three 
complexes are also diamagnetic as expected from their 
electron configuration [18]. The electronic spectral studies 
confirm the octahedral geometry of these complexes 
[33]. Furthermore, the complexes K[Ag(L)(phen)], 
[Al(L)(phen)]Cl and [Pb(L)(phen)] are diamagnetic as 
indicated from its magnetic moment measurements. 
These results support the conclusion drawn from the 
electronic spectral data of these complexes. The 
experimental data, which are obtained from the 
electronic spectra and the magnetic measurements 
values of the complexes, are in good agreement with the 
calculated optimized structure of these. 

DFT Calculations and Electronic Structures 

The  optimized  structures  of  the  K[Ag(L)(phen)],  
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[Al(L)(phen)]Cl, and [Pb(L)(phen)] complexes according 
to the B3LYP/LANL2DZ level of theory are displayed in 
Fig. 4. Selected bond distances and bond angles of the 
optimized structures of these complexes are listed in 
Table 4. The observations from the calculated geometries 
that displayed in Fig. 4 show that the environment 
surrounding the central metal ion in [Al(L)(phen)]Cl, 
K[(Ag(L)(phen)] and [Pb(L)(phen)] complexes adopted 
distorted octahedral configuration. The distorted 
octahedral of the environment surrounding the central 
metal atom of these complexes is due to the tension that 
comes from the formation of three rings around the 
central metal upon complexation. 

The calculated bond length of Ag(1)–N(45), Ag(1)–
N(46), Ag(1)–N(2) and Ag(1)–N(3) of the 
K[Ag(L)(phen)] complex (Table 4) are 2.534, 2.663, 2.590 
and 2.383 Å, respectively. The typical Ag–N bond lengths 
are reported within the range 2.1–2.7 Å [34-37]. 
Moreover, the calculated Ag–N bond lengths of the 

K[Ag(L)(phen)] complex is shorter than the sum of the 
van der Waals radii of N and Ag atoms (1.55 and 1.72 Å, 
respectively) [38]. The calculated bond length of Ag(1)–
O(5) and Ag(1)–O(4) of the K[Ag(L)(phen)] complex 
(Table 4) are 2.685 and 2.291 Å, respectively. These 
values are within the reported Ag–O bond lengths range 
(2.032–2.754 Å) [35,39-40]. It should be noted that the 
calculated Ag–O bond lengths are not larger than the 
sum of the van der Waals radii of O and Ag atoms, which 
are 1.52 and 1.72 Å, respectively [38]. 

The optimized geometry of the [Al(L)(phen)]K 
complex (Fig. 4, Table 4), shows that the bond length of 
Al(86)–N(45), Al(86)–N(44), Al(86)–N(2), Al(86)–
N(1), Al(86)–O(4) and Al(86)–O(3) are 2.173, 2.104, 
2.035, 2.072, 1.852 and 1.862 Å, respectively. Previous 
studies concerning the complexation of Al3+ with Schiff 
base reported that the bond lengths of Al–N and Al–O 
are within the range of 1.988–2.013 Å and 1.809–1.881 Å, 
respectively [41-42]. The values of Al–N and Al–O bond  

Table 4. Selected bond lengths (Å) and bond angles (°) of the computed structures of the [Al(L)(phen)]Cl, 
K[(Ag(L)(phen)] and [Pb(L)(phen)] according to B3LYP/LANL2DZ level of theory 

Bond Lengths (Å) of [Al(L)(phen)]Cl Bond Lengths (Å) of K[(Ag(L)(phen)] Bond Lengths (Å) of [Pb(L)(phen)] 
N(45)-Al(86) 2.173 Ag(1)-N(45) 2.534 N(45)-Pb(86) 2.839 
N(44)-Al(86) 2.104 Ag(1)-N(46) 2.663 N(44)-Pb(86) 2.834 
O(4)-Al(86) 1.852 Ag(1)-O(5) 2.685 O(4)-Pb(86) 2.212 
O(3)-Al(86) 1.869 Ag(1)-O(4) 2.291 O(3)-Pb(86) 2.198 
N(2)-Al(86) 2.035 Ag(1)-N(2) 2.590 N(2)-Pb(86) 2.805 
N(1)-Al(86) 2.072 Ag(1)-N(3) 2.383 N(1)-Pb(86) 2.876 

Angels (°) of [Al(L)(phen)]Cl Angels (°) of K[(Ag(L)(phen)] Angels (°) of [Pb(L)(phen)] 
N(45)-Al(86)-N(44) 76.971 N(45)-Ag(1)-N(46) 64.660 N(45)-Pb(86)-N(44) 58.427 
N(45)-Al(86)-O(4) 87.035 N(45)-Ag(1)-O(5) 125.009 N(45)-Pb(86)-O(4) 72.281 
N(45)-Al(86)-O(3) 162.718 N(45)-Ag(1)-O(4) 77.569 N(45)-Pb(86)-O(3) 120.065 
N(45)-Al(86)-N(2) 91.706 N(45)-Ag(1)-N(2) 104.920 N(45)-Pb(86)-N(2) 119.812 
N(45)-Al(86)-N(1) 96.998 N(45)-Ag(1)-N(3) 140.505 N(45)-Pb(86)-N(1) 170.595 
N(44)-Al(86)-O(4) 93.885 N(46)-Ag(1)-O(5) 71.337 N(44)-Pb(86)-O(4) 113.284 
N(44)-Al(86)-O(3) 86.462 N(46)-Ag(1)-O(4) 140.734 N(44)-Pb(86)-O(3) 74.989 
N(44)-Al(86)-N(2) 168.384 N(46)-Ag(1)-N(2) 134.896 N(44)-Pb(86)-N(2) 178.054 
N(44)-Al(86)-N(1) 97.718 N(46)-Ag(1)-N(3) 93.132 N(44)-Pb(86)-N(1) 117.487 
O(4)-Al(86)-O(3) 99.112 O(5)-Ag(1)-O(4) 128.663 O(4)-Pb(86)-O(3) 97.193 
O(4)-Al(86)-N(2) 82.802 O(5)-Ag(1)-N(2) 129.654 O(4)-Pb(86)-N(2) 64.938 
O(4)-Al(86)-N(1) 168.303 O(5)-Ag(1)-N(3) 70.209 O(4)-Pb(86)-N(1) 116.531 
O(3)-Al(86)-N(2) 105.033 O(4)-Ag(1)-N(2) 63.609 O(3)-Pb(86)-N(2) 105.833 
O(3)-Al(86)-N(1) 80.200 O(4)-Ag(1)-N(3) 124.233 O(3)-Pb(86)-N(1) 63.777 
N(2)-Al(86)-N(1) 86.098 N(2)-Ag(1)-N(3) 66.915 N(2)-Pb(86)-N(1) 64.387 
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Fig 4. Optimized structures of [Al(L)(phen)]+, [Ag(L)(phen)]– and [Pb(L)(phen)] complexes according to 
B3LYP/LANL2DZ level of theory 
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lengths reported in these studies are very close to those 
obtained in our study. 

The bond lengths of Pb(86)–N(45), Pb(86)–N(44), 
Pb(86)–N(2), Pb(86)–N(1), Pb(86)–O(4) and Pb(86)–
O(3) that presented by the optimized structure of the 
[Pb(L)(phen)] complex (Fig. 4, Table 4) are 2.839, 2.834, 
2.805, 2.876, 2.212 and 2.198 Å, respectively. These bond 
lengths are in the range of the Pb–N and Pb–O bond 
lengths reported in the literature [43-45]. 

The UV-Vis measurements of the synthesized H2L 
ligand and complexes were performed in DMSO solvent. 
All these compounds show several absorption bands in 
the UV-Vis region (Table 3). TD-DFT (Time-Dependent 
Density Functional Theory) calculations were performed 
on the optimized geometries of the synthesized complexes 
and H2L ligand to assign these bands. The calculated 
absorption spectra of the compounds, which are obtained 
from the output of the TD-DFT computations, were 
simulated using the GaussSum software. The simulated 
and experimental UV-Vis spectra of the synthesized H2L 
ligand and complexes are in good agreement (Table 3). To 
demonstrate the electronic properties of the synthesized 

complexes, investigations were performed on the 
calculated energies and electron densities of the frontiers 
molecular orbitals. Fig. 5 summarizes the energy profile 
of the highest occupied molecular orbitals (HOMO’s) 
and lowest unoccupied molecular orbital (LUMO’s), and 
HOMO-LUMO gaps for [Ag(L)(phen)]–, [Al(L)(phen)]+ 
and [Pb(L)(phen)] complexes, which are calculated at 
the B3LYP/LANL2DZ level of theory. The higher 
HOMO-LUMO energy gap is associated with the 
[Pb(L)(phen)] complex. The orbital energies and 
percent composition of selected frontier occupied and 
virtual molecular orbitals of complexes, expressed in 
terms of composing fragments, calculated at the 
B3LYP/LANL2DZ level are listed in Table 5. As shown 
in Table 5, the metal of the [Al(L)(phen)]+ complex is 
contributing only 1% to the LUMO, and LUMO+1 
orbitals. The presented frontier occupied orbitals of the 
[Al(L)(phen)]+ complex in Table 5 are completely 
localized on the L ligand, while the virtual orbitals are 
mostly localized on the phen ligand. The HOMO and 
LUMO contour plots of [Al(L)(phen)]+ complex are 
shown in Fig. 6. 

 
Fig 5. Energy profile of the highest occupied molecular orbitals (HOMO’s) and lowest unoccupied molecular orbital 
(LUMO’s), and HOMO-LUMO gaps for [Ag(L)(phen)]–, [Al(L)(phen)]+ and [Pb(L)(phen)] complexes, calculated at 
the B3LYP/ LANL2DZ level of theory 
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Fig 6. The frontier orbitals HOMO and LUMO of 
[Al(L)(phen)]+ calculated at the B3LYP/LANL2DZ level 
of theory, with the surface isovalue is 0.02 

 
Fig 7. The frontier orbitals HOMO and LUMO of 
[Ag(L)(phen)]– calculated at the B3LYP/LANL2DZ level 
of theory, with the surface isovalue is 0.02 

 
The percent composition of the frontier molecular 

orbitals of [Ag(L)(phen)]– complex are different from that 
of [Al(L)(phen)]– as shown in Table 5. The metal of the 
[Ag(L)(phen)]– complex is a notable contribution to the 
HOMO, HOMO–1, and HOMO–2 orbitals with the 
percentage of 25, 18, and 18%, respectively. The presented 
frontier occupied orbitals of the [Ag(L)(phen)]– complex 
is mostly localized on the L ligand. Concerning the virtual 
orbitals, LUMO and LUMO+2, are localized with the 
percentage of 100 and 99%, respectively on the phen ligand. 
The virtual orbital, LUMO+1, is localized with a percentage 
of 99% on the L ligand. The HOMO and LUMO contour 
plots of [Ag(L)(phen)]– complex is shown in Fig. 7. 

The presented frontier orbitals, LUMO+1, LUMO, 
HOMO, HOMO–1, HOMO–2, HOMO–3, HOMO–4, 
HOMO–5, and HOMO–6 of the [Pb(L)(phen)] complex are 
localized on the L ligand with the percentage of 100, 99, 
94, 90, 98, 84, 85, 93 and 98%, respectively. The LUMO+2 
orbital is completely localized on phen ligand. The metal 
of the [Pb(L)(phen)] complex is contributed only to the 
HOMO–1, HOMO–2, HOMO–3,  HOMO–4,  HOMO–5, and  

 
Fig 8. The frontier orbitals HOMO and LUMO of 
[Pb(L)(phen)] calculated at the B3LYP/LANL2DZ level 
of theory, with the surface isovalue is 0.02 
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Table 5. Percent composition in terms of composing fragments of selected frontier molecular orbitals (MO’s) and 
molecular orbitals energies of the complexes calculated at the B3LYP/LANL2DZ level 

Complexes MO MO energy (eV) 
Fragment 

Metal phen ligand L ligand 

[Al(L)(phen)]Cl 

L+2 -5.00 0 82 17 
L+1 -5.23 1 26 73 
L -5.34 1 89 10 
H -7.58 0 0 100 
H–1 -7.65 0 0 100 
H–2 -8.16 0 0 100 
H–3 -8.30 0 0 100 

K[Ag(L)(phen)] 

L+2 0.31 1 99 0 
L+1 0.28 0 1 99 
L 0.23 0 100 0 
H -2.70 25 6 69 
H–1 -2.79 18 5 77 
H–2 -3.01 18 2 80 
H–3 -3.19 5 3 92 

[Pb(L)(phen)] 

L+2 0.76 0 100 0 
L+1 0.53 0 0 100 
L 0.32 0 1 99 
H -2.79 0 6 94 
H–1 -2.92 5 5 90 
H–2 -3.04 1 1 98 
H–3 -3.14 13 3 84 
H–4 -3.38 5 10 85 
H–5 -3.43 2 4 93 
H–6 -3.51 1 1 98 

H: HOMO, L: LUMO 
 
HOMO–6 orbitals. The HOMO and LUMO contour plots 
of [Pb(L)(phen)] complex are shown in Fig. 8. 

■ CONCLUSION 

The Schiff base ligand (H2L) has been prepared from 
curcumin and L- Tyrosine amino acid. The synthesized 
Schiff base ligand (H2L) and the second ligand 1,10-
phenanthroline (phen) are used to prepare the new mixed 
ligand complexes [Al(L)(phen)]Cl, K[Ag(L)(phen)] and 
[Pb(L)(phen)]. The results obtained from the UV-visible 
spectra and the magnetic moments values of the 
complexes are in good agreement with the optimized 
structures of these compounds, which are calculated 
according to B3LYP/LANL2DZ level of the theory. The 
optimized structures of [Al(L)(phen)]Cl, K[Ag(L)(phen)] 

and [Pb(L)(phen)] that calculated according to 
B3LYP/LANL2DZ level of the theory show that the 
environment surrounding the central metal ion in these 
complexes adopted distorted octahedral configuration. 
The computed energies and electron densities of the 
frontiers molecular orbitals were reported. All these 
results indicate that experimental and theoretical 
calculations were consistent. 
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