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INTRODUCTION

Schiff base ligand with donor atom (O, N or S) suitable for
coordinating with metals have attracted significant research
interest in the field. These Schiff bases have been thoroughly
explored in transition and non-transition metal/ions to enhance
potential biological features [1-3]. Schiff bases derived from
amino acids exhibit high efficacy as metal chelating agents,
finding various applications in the food and dye industry,
analytical chemistry and catalysis. Additionally, the metal com-
plexes formed by amino acids hold substantial potential across
in various fields, biological, pharmaceutical and industrial
applications, among others [4-7]. In addition to their unique
properties, simplicity of manufacturing, chelating properties
and stability of compounds that shield metal ions having an
azomethine linkage which is important and investigated in
various fields of chemistry.

Currently, various Schiff base complexes of lanthanides
have demonstrated catalytic activity in polymerization reactions
[8,9]. Photoluminescence studies of metal complexes involve
investigating the emission of light by coordination compounds
containing lanthanide ions. Some lanthanide complexes have
distinctive luminous qualities; in particular, Sm(III) complexes
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exhibit intriguing luminescent capabilities that are emissive
in the visible 400-800 nm range of the spectrum [10]. Ligands
exert a pivotal influence on the energy levels and emission
characteristics of lanthanide(III) complexes, shaping their
spectroscopic behaviour. Researchers often engage in ligand
design to optimize the luminescence, stability and other charac-
teristics of lanthanide complexes for applications in fields such
as optoelectronics, sensing, light emission diodes, fluorescent
lighting, luminescence sensors, liquid crystal technologies and
biomedical imaging applications. Additionally, the lanthanides
are found to possess the coordination numbers and geometries.
The paramount significance of coordination compounds of
rare earths in cancer treatment and diagnosis stems from the
potential exploitation of paramagnetic properties exhibited by
lanthanides and their compounds. These compounds are gene-
rally used in medicine as MRI contrast media [11].

The luminescent intensities of the lanthanide complexes
are intricately linked to the organic ligand ability to efficiently
absorb UV light, facilitate energy transfer from the ligand to
metal and the effectiveness of lanthanide metal luminescence,
as highlighted in previous studies [12,13]. Moreover, these
complexes demonstrate noteworthy luminescent properties,
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such as quantum yield, molar extinction coefficient, extended
fluorescence lifespan and significant stokes shifts [14].

The synthesis of numerous lanthanide(III) complexes,
conducted in solution state and the solid state, acquiring remark-
able importance attributed to their significant biological activ-
ities. A review of the literature reveals that the number of studies
on the solid-state synthesis of lanthanide(III) complexes with
vanillin is very limited. In current study, we describe three
lanthanide(III) complexes formed with the Schiff base ligand
derived from vanillin and L-valine amino acid, in solid state.

EXPERIMENTAL

Analytical grade chemicals were utilized in this investi-
gation. Sm(III), Nd(III), Dy(III) chloride hexahydrate, L-valine,
Vanillin (Sigma-Aldrich) and KOH (Merck) were employed
for the synthesis without further purification. Spectroscopic
grade reagents were used for the spectral studies.

Physical measurements: By using Perkin-Elmer 2400
CHNO elemental analyzer, C, H, N and O analysis of the comp-
ounds were analyzed. FT-IR spectrum was documented covering
the spectral range of 4000-400 cm–1 (KBr disks) on Perkin-Elmer
C96217 model spectrophotometer. The FAR-IR spectrum of
the Ln(III) complexes was obtained using a 3000 Hyperion
Microscope with Vertex 80 FTIR System within the range of
500-30 cm–1. Electronic spectrum was determined by utilizing
Perkin-Elmer Lambda-25 UV-Visible spectrophotometer within
the run of 200-800 nm in the solid state, employing KBr disks.
1H NMR spectra was determined by utilizing a Bruker-Avance
III HD 400 MHz One Bay FT NMR spectrometer. The photo-
luminescence (PL) spectrum was captured using a sophisti-
cated Fluorescence Spectrometer, FLS 1000, spanning the range
of 200-800 nm. TG/DTG analysis was employed to determine
simultaneous thermal analyzer. Mass spectrometry was per-
formed using the HRMS spectrophotometer in the HREMI
Thermo-Scientific Exactive System. Conductivity measure-
ments were recorded at 298 K in DMSO solvent (10–3 M) using
the Systonic Model 303 conductivity meter. The magnetic
measurements were conducted on a Sherwood Scientific Gouy
Balance and the melting points were determined using an Analab
melting point apparatus.

Synthesis of Schiff base ligand K(val-van): The Schiff
base ligand was synthesized through the condensation of vanillin
and L-valine as reported in earlier procedures [15,16]. The
equimolar ratio of valine with vanillin and KOH were weighed,
put in an agate and then thoroughly grinded until the mixture

became sticky form. The reactant’s colour changed yellow and
took around 30 min a solid powder was obtained. The products
were washed with a small amount of cold dehydrated ethanol
and subjected to recrystallization in hot ethanol. Following
this, the products were dried in a vacuum drying oven at 40 ºC.

K(val-van): Yellow solid; m.p.: 94 ºC; yield 88%. Anal.
calcd. (found) % of  KC13H16O4N: C, 53.99 (52.38); H, 5.53
(5.18); N, 4.84 (4.42); O, 22.11 (21.89). IR: (KBr, λmax, cm–1):
3165 ν(O-H), 1660 ν(C=N), 1586 νas(COO)–, 1334 νs(COO)–,
1270 ν(C-O); 1H NMR (500 MHz, CH3OH, δ ppm): 3.95 (3H,
s, –OCH3), 7.59 (1H, s, HC=N), 7.01-7.43 (m, 6H, ArH). 4.5–
5.0 (1H, S, CH3), 9.817 (1H, s, OH). ESI-MS (m/z ): 289.37;
UV-Vis (λmax, nm): 226, 284, 400, 512.

Synthesis of lanthanide(III) complexes: In an agate mortar,
corresponding lanthanide(III) chloride (5 mmol) was added to
Schiff base ligand (5 mmol) and ground for 45 min. The solid
products obtained was filtered off, washed with dehydrated
ethanol and distilled water several times and dried in a vacuum
drying oven at 70 ºC for roughly 72 h (Scheme-I).

[Sm(val-van)2(H2O)3Cl]·H2O (1): Yellow solid; yield: 76%;
m.p.: 255 ºC; molar conductance: 10 Ω-1 cm2 mol-1; µeff: 1.60
B.M. Anal. calcd. (found)% for SmC26H38O12N2Cl: C, 41.24
(41.28); H, 4.98 (5.02); N, 3.60 (3.70); O, 25.35 (25.40); Sm,
19.89 (19.87). IR: (KBr, λmax, cm–1): 3356 ν(H2O), 1656
ν(C=N), 1580, νas(COO)–; 1309, νs(COO)–; 1232, ν(C-O); 432,
ν(M-N), 369, ν(M-O), 316, ν(M-Cl), ESI-MS (m/z): 755.81;
UV-Vis (λmax, nm): 235, 300, 393.

[Nd(val-van)2(H2O)3Cl]·H2O (2): Light violet; yield: 76%,
m.p.: 250 ºC; molar conductance: 12 Ω-1 cm2 mol-1; µeff: 3.60
B.M. Anal. calcd. (found)% for NdC26H38O12N2Cl: C, 41.55
(41.61); H, 4.83 (5.06); N, 3.66 (3.73); O, 25.44 (25.61); Nd,
19.23 (18.20). IR (KBr, λmax, cm–1): 3223 ν(H2O), 1642 ν(C=N), 1582
νas(COO)–, 1310 νs(COO)–, 1229 ν(C-O), 425 ν(M-N), 350
ν(M-O), 312 ν(M-Cl); 1 H NMR (500 MHz, DMSO, δ ppm):
3.972 (s, 3H, OCH3), 4.963 (s, 1H, HC=N), 6.645-7.669 (m,
6H, ArH); ESI-MS (m/z): 749.81; UV-Vis (λmax, nm): 244, 345,
523, 580, 743, 800.

[Dy(val-van)2(H2O)3Cl]·H2O (3): Yellow solid; yield: 78%,
m.p.: 240 ºC; molar conductance: 10.05 Ω-1 cm2 mol-1; µeff:
10.00 B.M. Anal. calcd. (found)% for DyC26H38O12N2Cl: C,
40.55 (40.62); H, 4.82 (4.94); N, 3.58 (3.64); O, 24.89 (25.00);
Dy, 21.10 (21.16). IR (KBr, λmax, cm–1): 3351 ν(H2O), 1651 ν(C=N),
1582 νas(COO)–, 1309 νs(COO)–, 1220 ν(C-O), 468 ν(M-N),
363 ν(M-O), 318 ν(M-Cl); ESI-MS (m/z): 767.95; UV-Vis
(λmax, nm): 242, 344, 392.
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Antimicrobial studies: The antibacterial activity of the Schiff
base ligand and its lanthanide(III) complexes was investigated
against two bacterial strains (Escherichia coli, Staphylococcus
aureus). The antifungal activity was assessed against two path-
ogenic fungal strains (Aspergillus niger, Rhizopus) using the
Agar well diffusion method. Mueller-Hinton Agar was utilized
to evaluate the antimicrobial activity of the compounds. All
samples were dissolved in 100% DMSO to achieve a final con-
centration of 20 µg/mL. The samples were loaded into the wells
and the activity was analyzed. Amikacin and nystatin were used
as positive standards for antibacterial and antifungal studies,
respectively, while DMSO served as the negative control. All
plates were incubated for 24 h at 37 ºC and the zone of inhi-
bition around the disc was measured in millimeters (mm).

Antioxidant activity assay: The antioxidant activity of
the Schiff base ligand and its lanthanide(III) complexes, as well
as the standard, was evaluated based on the radical scavenging
effect using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) method.
This method is one of the simplest approaches for calculating
free radical scavenging activities. Prior to UV measurements,
a methanolic solution of DPPH (60 µM) was prepared and 3.9
mL of solution was mixed with varying concentrations of the
methanol compound mixture (25, 50, 75 and 100 µg/mL). The
samples were kept in the dark for 15 min at room temperature
and the decrease in absorbance was measured at 515 nm using
a UV-Vis spectrophotometer. The experiment was conducted
in triplicate, with a control sample prepared containing the same
volume without any extract and reference ascorbic acid was
included. A 95% methanol solution was used as the blank.
Ascorbic acid, dissolved in distilled water to create a stock
solution with a concentration of (1 µg/100 µL), served as the
reference standard. Radical scavenging activity was calculated
by the following formula:

control test

control

A  at 0 min A
Inhibition (%) 100

A  at 15 min

−= ×

Anti-inflammatory activity: Reaction mixture (0. 5 mL)
consisted of test compounds and an aqueous solution of 0.45
mL BSA (3%) and varying concentration of compounds (25,
50, 75, 100 mg/mL) pH was adjusted to 6.3 using small amount
of 1 N HCl. The samples were incubated at 37 ºC for 20 min.
and then heated at 80 ºC for 2 min. After cooling the samples,
2.5 mL phosphate buffer saline (pH-6.3) was added to each
tube. The absorbance was measured using a spectrophotometer
at 416 nm. The percentage inhibition of protein denaturation
was calculated as follows:

control sample

control

A A
Inhibition (%) 100

A

−
= ×

Antidiabetic activity: The reducing sugars produced by
the action of α-amylase react with dinitrosalicylic acid, reducing
it to a brown-coloured product, nitro amino salicylic acid. Different
concentrations of the sample, ranging 12.5 to 200 µg/mL, were
prepared from a stock concentration of 1 mg/mL and made up
to 1000 µL using 25 mM phosphate buffer at pH 6.9. This solution
also contained 25 µL of porcine α-amylase at a concentration
of 0.5 mg/mL. The mixtures were incubated at 25 ºC for 10 min.

After pre-incubation, 25 µL of 0.5% starch solution in 25 mM
phosphate buffer at pH 6.9 was added. The reaction mixtures
were further incubated at 25 ºC for 10 min. The reaction was
stopped by adding 50 µL of 96 mM 3,5-dinitrosalicylic acid
colour reagent. The microplate was then incubated in a boiling
water bath for 5 min and cooled to room temperature. Absor-
bance was measured at 540 nm using a microplate reader (Erba,
Lisascan) and acarbose was used as the standard drug.

Larvicidal activity: Mosquito larvae were collected from
water habitats in Nagercoil city, India using a wide-mouth cont-
ainer. The mosquito samples were then brought to the laboratory,
morphologically identified using standard manual methods and
utilized for larvicidal activity studies. Cleaned sterile beakers
were selected and 20 early instar larvae of Culex were placed in
100 mL of tap water. To this, 100 ppm of synthesized compounds
was added. A control group consisting of 20 larvae in tap water
(without compounds) was also prepared. The beakers were
left undisturbed for 24, 48, 72 and 96 h to observe the mortality
of the Culex larvae.

RESULTS AND DISCUSSION

The comparison of experimental and calculated elemental
percentages reveals a strong agreement, affirming the stoichio-
metry of the synthesized compounds. All the synthesized three
lanthanide(III) complexes exhibit a 1:2 (M:L) stoichiometry.
They demonstrate solubility in DMSO, springly solubility in
ethanol and methanol and insolubility in acetone, chloroform
and distilled H2O.

Molar conductivity: The conductance data of the lanth-
anide(III) complexes were found to be within the range of 10.00-
12.00 Ω–1 cm2 mol–1. These findings suggest the lanthanide(III)
complexes are non-electrolytic and the chloride ion is present
within the coordination sphere.

Magnetic moment: Measurements for determining the
magnetic susceptibility values of the lanthanide(III) complexes
were conducted to elucidate the exact structure. The obtained
effective moments of Ln(III) complexes were 1.60, 3.60 and
10.00 B.M. for Ln = Sm3+, Nd3+ and Dy3+, respectively, providing
the strong support for the proposed structures [17,18]. In these
complexes, the magnetic moments are not affected by the ligand
field, suggesting that the 4f electrons do not take part in bond
formation [19,20].

IR spectral studies: The Schiff base ligand shows a strong
band at 1660 cm–1 which attributed to the stretching vibration
of azomethine group (-HC=N), these bands was shifted to lower
frequencies on complexation 1656-1642 cm–1, indicating that
azomethine nitrogen coordinated to the metal ions [21]. The
asymmetric and symmetric stretching frequency of carboxylate
(COO–) group of the ligand appears as a strong band at 1586
cm–1 and a weak band at 1334 cm–1 (Fig. 1). These bands are
shifted around 1582-1580 cm–1 and 1310-1309 cm–1 during
complexation, the ∆ν (> 250 cm–1) suggested the unidentate
coordination of the carboxylate with Ln(III) ion. Furthermore,
the phenolic C-O stretching vibration, observed at 1270 cm–1

in the Schiff base ligands, exhibited a significant shift to the
lower frequency range of 1237-1220 cm–1 upon coordination,
confirming the coordination of the ligand to the metal ion in
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Fig. 1. FT- IR spectrum of Schiff base ligand; K(val-van)

the corresponding metal chelates. Spectral bands in the range
3356-3223 cm–1 for ν(O-H) were assigned to water molecules
present in the complexes, which are in agreement with mass
and thermal results [22-25]. The coordination mode of Schiff
base ligands was further supported by the new frequencies
occurring in the Far-infrared spectra of Sm(III), Nd(III) and
Dy(III) complexes. In the lower frequency region, the Far-IR
bands at 432, 425 and 468 cm–1 arise due to ν(M-N) and 369,
350 and 363 cm–1 arise due to ν(Ln-O) and 316, 312 and 318
cm–1 ν(M-Cl) frequencies, respectively [26,27]. From the
spectra, it may be concluded that these Ln(III) complexes have
almost similar structure and the Schiff base ligand coordinates
with the metal ion in tridentate manner. The spectra of the
synthesized Sm(III) complex are given in Fig. 2.

UV-Vis spectral studies: The electronic absorption spectra
of the Schiff base and its Ln(III) complexes are shown in Table-1.
The Schiff base ligand was characterized by four main bands
at 226, 284, 400 and 512 nm, which can be attributed to the π–π*

and n–π* of benzene ring and azomethine group, respectively
(Fig. 3). The spectra of the Ln(III) complexes typically exhibit
the characteristic bands of Schiff base ligand, displaying alter-
ations in both frequencies and intensities. These shifts and changes
in absorption band intensities are indicative of the coordination
of Schiff base ligands to the metal center.

TABLE-1 
UV-VISIBLE SPECTRAL DATA OF THE SCHIFF BASE  

LIGAND AND ITS LANTHANIDE COMPLEXES 

Compounds λmax (nm) Band assignments 

Schiff base Ligand; K(val-van) 

226 
284 
400 
512 

π→π* 
π→π* 
n→π* 
n→π* 

[Sm(val-van)2(H2O)3Cl]·H2O 
235 
300 
393 

π→π* 
LMCT 
n→π* 

[Nd(val-van)2(H2O)3Cl]·H2O 

244 
345 

523, 580 
743, 800 

π→π* 
n→π* 

4I9/2→4G7/2, 
4G5/2 

4I9/2→4F7/2 

[Dy(val-van)2(H2O)3Cl]·H2O 
242 
344 
392 

π→π* 
LMCT 
n→π* 
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Fig. 3. UV-Vis spectrum of Schiff base ligand; K(val-van)

The absorption bands of the Sm(III) complex exhibit a
slight red shift to lower frequencies at transitions around 235,
300 and 393 nm. The emergence of a new band at approximately
300 nm provides additional evidence for complex formation.
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The 300 nm band is assigned to the LMCT transfer, while the
band around 393 nm may be attributed to the π–π* transition
state of the azomethine coupled with charge transfer from the
ligand to the metal (Fig. 4). Similarly, the Nd(III) complex
display the transitions at 244, 345 and 523 nm, also the lower
intensity bands at 580 (4I9/2→4G7/2,

4G5/2) and 743, 798 (4I9/2→
4F7/2) nm. The Dy(III) complex shows at 242, 344 and 392 nm
transitions (Fig. 5) [28,29]. The lanthanide ions do not appre-
ciably contribute to the spectra of their complexes since f–f
transitions are Laporte forbidden and very weak.

Band gap measurement: The band gap is of fundamental
importance of the complexes were calculated from the UV-Vis
spectra [30,31]. The absorbance was employed to approximately
calculate the absorption coefficient (α) by using the relation;

1
ln A

d
α = (1)

The optical band gap (Eg) was calculated from the relation;

αhν = A (hν – Eg)m (2)

where m is equal to (1/2 and 2) direct and indirect transitions,
respectively. The direct band gap values were 2.75 (calcd. 2.51),
2.64 (calcd. 2.53) and 2.69 (calcd. 2.51) eV for Sm(III), Nd(III)
and Dy(III) complexes, respectively. The absorption data reveals
the direct transition of the complexes of semi-conducting in
nature.

Photoluminescence studies: The luminescent property
of Schiff base ligand and its Ln(III) complexes were explored
through fluorescence spectra recorded in the solid state. The
emission spectrum was recorded with excitation at 320 nm
and the Schiff base ligand exhibits a fluorescence band at 412 nm
attributed to π–π* transition (Fig. 6a). The emission spectrum
of Sm(III) complex was recorded upon excitation at 380 nm,
revealing luminescence bands corresponding to 4I9/2→4G9/2
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(513) and 4I9/2→2H11/2 (602, 663) nm electronic transitions. It
exhibited sharp emission bands resulting from f–f transitions
of the samarium ion (Fig. 6b). Similarly, the Nd(III) complex,
recorded upon excitation at 390 nm, displayed luminescence
bands corresponding to 4I9/2→4G11/2 (496) and 4I9/2→2H11/2 (632)
nm transitions, respectively [18,32]. Under the excitation, the
Nd(III) complex exhibited characteristic fluorescent property
(Fig. 6b). The Dy(III) complex, recorded upon excitation at
390 nm, exhibited characteristic emission peaks arising from
4F9/2→6H15/2 (490) and 4F9/2→6H11/2 (638) nm transitions (Fig.
6b). Based on these results, these complexes are excellent
candidates for potential fluorescence applications [33,34].

1H NMR spectral studies: The NMR spectrum of the
ligand was taken in methanol at room temperature. The Schiff
base ligand exhibited a signal at δ 3.95 ppm is attributed to the
3H singlet of the (–OCH3) group. The peak at δ 7.59 ppm was
assigned to the azomethine proton, HC=N, 1H singlet. As the
molecule contains an aromatic ring, the multiple signals between
δ 7.01-7.43 ppm were assigned to the aromatic ring proton reson-
ances. The peak for CH3 protons was observed at δ 4.5-5.0 ppm in
the Schiff base ligand, corresponding to methyl protons. The
hydroxyl proton appeared at δ 9.817 ppm as a singlet [35,36].
In the NMR spectrum of Nd(III) complex, the disappearance
of the (-OH) peak and the shift of the aromatic peak to a higher
value confirm the formation of the complex. The signals at δ
3.972 ppm (singlet, 3H, OCH3), δ 4.963 ppm (singlet, 1H,
HC=N) and the range of δ 6.645-7.669 ppm (multiplet, 6H,
ArH) are attributed to the aromatic protons [37].

Mass spectral studies: The spectrum of Schiff base had a
prominent molecular ion [KC13H16O4N], m/z = 293.15 [M+4H]+;
[calcd. 289.15] a.m.u confirming the molecular weight of Schiff
base ligand. The base peaks at m/z = 206, which corresponds
to the fragment [C13H4NO2] and other important peaks 137 and
252 are due to the loss of [C7H7NO2], [KC11H3NO4] and frag-
ments from the parent molecule [38,39]. The spectrum of the
samarium(III) complex confirms the stoichiometry of the
complex [Sm(val-van)2(H2O)3Cl]·H2O, with the base peak at

m/z = 120.08, indicating the loss of [C4H10NO3]. Other important
peaks were 124, 169, 185, 199, 254, 300, 319, 351, 439, 457,
473, 573, 683, 720 and 755. The molecular ion peak at m/z =
[755.14], [calcd. 755.81] a.m.u. which is equivalent to its mole-
cular weight.

The spectra of [Nd(val-van)2(H2O)3Cl]·H2O shows the base
peak at m/z = 331 was due to the loss of [C14H7N2O8]. Other
important peaks are 154, 162, 179, 197, 211, 252, 303, 363,
409, 457, 549, 645, 734 and 773. The molecular ion peak at
m/z = [773.14+ Na+2H]+ [calculated = 749.81] a.m.u. which
is equivalent to its molecular weight.

The mass spectra of [Dy(val-van)2(H2O)3Cl]·H2O shows
the base peak at m/z = 309 was due to the loss of [C14H17N2O6].
Other important peaks were 157, 161, 165, 189, 231, 235,
253, 313, 317, 341, 415, 512, 590, 694 and 792. The molecular
ion peak at m/z [792.71+Na+2H]+ [calculated = 767.95] a.m.u.
which is equivalent to its molecular weight. The coordination
of water molecules were identified in the mass spectra of Sm(III),
Nd(III) and Dy(III) complexes. The mass fragmentation and
analytical results matched to the stoichiometric ratio of the
synthesized complexes.

Thermal studies: The synthesized Ln(III) complexes were
subjected to thermogravimetry (TG) and derivative thermo-
gravimetry (DTG) under a N2 environment. This approach was
employed to analyze their thermal behaviour, including aspects
such as thermal stabilities and decomposition stages. The sugges-
ted stepwise thermal degradation patterns, detailing the temp-
erature-dependent decomposition and the formation of respe-
ctive metal oxides are outlined in Table-2. All the lanthanide
(III) complexes show almost the same type of decompositions
stages resulting in the formation of metal oxide [40,41].

[Sm(val-van)2(H2O)3Cl]·H2O (1): TG/DTG studies show
that Sm(III) complex undergoes thermal decomposition in
three stages (Fig. 7a). In first stage, the loss of one lattice water
molecule takes place in the temperature range 50-115 ºC with
weight loss of 2.30% (calcd. 2.38%). The second stage decom-
position occurs in the temperature range 120-220 ºC with an
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observed weight loss of 7.06% (calcd. 7.14%), which corres-
ponds to the removal of three coordinated water molecules.
The third stage of decomposition occurred at the temperature
range from 220-685 ºC, with weight loss of 70.59% (calcd.
70.91%), which corresponds to the loss of two organic moieties
and chlorine and the formation of stable oxide.

[Nd(val-van)2(H2O)3Cl]·H2O (2): In Nd(III) complex, the
first stage of decomposition started at 50 ºC and completed at
118 ºC; the mass loss corresponding to one mole of lattice
water per mole of the complex (weight loss found 2.40%; calcu-
lated, 2.38%). Second stage of decomposition occurs in the
range 120 to 245 ºC, the mass loss corresponds to three moles of
coordinated water per mole of complex (weight loss found
7.20%, calculated, 7.00%). The third stage of decomposition
took place in the temperature range from 246 to 690 ºC and
the loss of two organic moieties and chlorine (weight loss found,
71.49%; calculated, 71.40%) (Fig. 7b).

[Dy(val-van)2(H2O)3Cl]·H2O (3): In Dy(III) complex, the
first stage of decomposition started at 52 ºC and completed at
110 ºC. The mass loss was corresponding to one mole of lattice
water per mole of complex (weight loss found 4.48%; calcu-
lated 4.27%). Second stage of decomposition occurs in the
range 115 to 255 ºC. The mass loss corresponds to three moles
of coordinated water per mole of complex (weight loss found
7.03%; calculated 7.00%). The third stage of decomposition
took place in the temperature range from 257 to 680 ºC and the
loss of two organic moieties and chlorine (weight loss found
69.79%; calculated 69.70%) (Fig. 7c).

It suggests that the decomposition of synthesized Ln(III)
complexes leads probably to appropriate metal oxide as the

TABLE-2 
THERMOGRAVIMETRIC DATA OF THE COMPLEXES 

Compounds Decomp. 
stages 

Temp.  
range (°C) 

Mass. loss% 
(calcd. found) 

Probable assignments 

I 50-115 2.30/2.38 Loss of one lattice water 
II 120-220 7.14/7.06 Loss of three coordinated water [Sm(val-van)2(H2O)3Cl]·H2O 
III 220-685 70.91/70.59 Loss of organic moieties and chlorine, formation of Sm2O3 
I 50-110 2.40/2.38 Loss of one lattice water 
II 120-245 7.20/7.00 Loss of three coordinated water [Nd(val-van)2(H2O)3Cl]·H2O 
III 246-690 71.49/71.40 Loss of organic moieties and chlorine, formation of Nd2O3 
I 52-110 2.34/2.32 Loss of one lattice water 
II 115-255 7.03/7.00 Loss of three coordinated water [Dy(val-van)2(H2O)3Cl]·H2O 
III 257-680 69.79/69.70 Loss of organic moieties and chlorine, formation of Dy2O3 
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final products (Sm2O3, Nd2O3 and Dy2O3). An independent pyro-
lysis experiment was also carried out for each of the Ln(III)
complexes studied and the loss of mass determined in each
case was compared with that obtained from TG analysis [42].

Biological assays

Antibacterial activity: The results of the bactericidal and
fungicidal investigations for the compounds are summarized
in Table-3, employing the well diffusion method. Inhibition
zone values (in mm) were measured and compared with the
standard. Each compound was DMSO solution, with a refer-
ence drug as a positive control and solvent DMSO as a negative
control. At concentration of 40 µg/mL, ligand showed a 7 mm
zone for S. aureus, while the complexes exhibited the highest
activity with inhibition zones of 15, 9 and 9 mm, respectively.
Similarly, at the same concentration, Schiff base ligand [K(val-
van)] displayed a 15 mm inhibition zone for E. coli and the
Ln(III) complexes demonstrated the highest activity with inhib-
ition zones of 16, 12 and 12 mm, respectively. From the results
revealed that at a concentration of 40 µg/mL, Sm(III) complex
showed higher activity against Gram-positive bacteria (S. aureus
and E. coli). It is suggested that functional groups such as
hydroxyl or azomethine groups in the complexes play a major
role in their antibacterial activity. Chelation significantly reduces
the polarity of the metal ion through partial sharing of the positive
charge with donor groups, allowing for electron delocalization
over the entire chelate ring. This chelation-induced increase
in lipophilicity facilitates the passage of the core metal atom
through the lipid layer of the cell membrane, potentially enhan-
cing the antibacterial property.
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Antifungal activity: The in vitro antifungal activity against
A. niger and Rhizopus was investigated for the compounds. At
a concentration of 40 µg/mL, the Schiff base ligand exhibited
the highest inhibition zone of 7 mm against A. niger, surpassing
the two complexes Sm and Nd with inhibition zones of 10 and
12 mm, while the Dy(III) complex showed 10 mm. Similarly,
against Rhizopus, the Schiff base ligand showed the highest
inhibition zone of 7 mm compared to the other complexes at
10, 15 and 12 mm. From the results revealed that at concentra-
tion of 40 µg/mL, the Nd(III) complex displayed higher activity
against fungal strains (A. niger and Rhizopus) compared to the
standard, Schiff base ligand and Ln(III) complexes. Based on
their antimicrobial activity against pathogenic microorganisms,
all synthesized Ln(III) complexes were found to be more potent
than their respective Schiff base ligand. The activity of the
complexes is dependent on the ligand’s chelation ability, the
nature of nitrogen donor ligands, the total charge of the comp-
lex, the presence and nature of the metal ion neutralizing the
ionic complex and the nuclearity of the metal center in the
complex [43-45].

Antioxidant activity: Antioxidant activity of the comp-
ounds was studied by the DPPH method, comparing scaven-
ging activities with ascorbic acid. Table-4 details radical
scavenging effects at varying concentrations showing increased
effects for Ln(III) complexes at 25, 50, 75 and 100 µg/mL.
The antioxidant activity was quantified using IC50 in this study.
The Sm(III) complex was significantly more efficient in quen-
ching DPPH radical than the other complexes and standard
[46,47]. The IC50 values of Schiff base ligand, Sm(III), Nd(III)
and Dy(III) complexes were 2.43, 11.14, 19.17 and 14.15%,
respectively. Lanthanide(III) complexes, due to ligand coordi-
nation, are more effective free radical scavengers than their corr-
esponding Schiff base ligands. Metal Schiff base antioxidants
are currently recognized for safeguarding living systems from
oxidative stress or free radicals. Differences in antioxidant
activity may be linked to factors like chelate ring size, axial
ligation and the degree of unsaturation in the chelate ring, influ-
encing complex redox properties [48,49].

Anti-inflammatory activity: The anti-inflammatory activity
of the compounds was assessed by studying their ability to
inhibit protein denaturation, specifically heat-induced albumin
denaturation. The concentration-dependent analysis revealed
that at 25, 50, 75 and 100 µg/mL (Table-5), the Nd(III) complex
exhibited significant activity compared to the ligand [50]. In
the context of global interest in the role of inflammation in
human and animal diseases, synthesizing more potent anti-
inflammatory drugs with fewer side effects is crucial.

TABLE-4 
ANTIOXIDANT ACTIVITY OF SCHIFF BASE  

LIGAND AND ITS LANTHANIDE COMPLEXES 

Compounds Conc. 
(µg/mL) 

OD at 
515 nm 

Inhibition 
(%) 

IC50 
(µg/mL) 

 Control 0.715   
25 0.728 3.56 
50 0.690 9.76 
75 0.681 11.01 

Schiff base ligand, 
K(val-van) 

100 0.646 14.00 

2.43% 

25 0.694 12.93 
50 0.576 19.44 
75 0.556 22.23 

[Sm(val-
van)2(H2O)3Cl]·H2O 

100 0.539 24.61 

11.14% 

25 0.548 23.35 
50 0.533 25.45 
75 0.502 29.79 

[Nd(val-
van)2(H2O)3Cl]·H2O 

100 0.490 31.46 

19.17% 

25 0.610 14.68 
50 0.591 17.34 
75 0.576 19.44 

[Dy(val-
van)2(H2O)3Cl]·H2O 

100 0.554 22.51 

14.15% 

25 0.451 46.56 
50 0.402 87. 36 
75 0.400 90.02 

Ascorbic acid 

100 0.395 93.12 

42.07% 

 
TABLE-5 

ANTI-INFLAMMATORY ACTIVITY OF SCHIFF  
BASE LIGAND AND ITS LANTHANIDE COMPLEXES 

Compounds Concentration 
(µg) 

OD at  
416 nm 

Inhibition 
(%) 

 Control 1.052  
25 0.829 21.00 
50 0.801 23.85 
75 0.791 24.80 

Schiff base ligand; 
K(val-van) 

100 0.782 25.66 
25 0.748 28.89 
50 0.722 31.36 
75 0.698 33.65 

[Sm(val-
van)2(H2O)3Cl]·H2O 

100 0.672 36.12 
25 0.779 25.95 
50 0.762 27.56 
75 0.742 29.27 

[Nd(val-
van)2(H2O)3Cl]·H2O 

100 0.728 30.79 
25 0.776 26.20 
50 0.754 28.32 
75 0.732 30.41 

[Dy(val-
van)2(H2O)3Cl]·H2O 

100 0.715 32.03 

 
Antidiabetic activity: The compounds were evaluated

for their antidiabetic efficacy by primarily assessing α-amylase

TABLE-3 
ANTIMICROBIAL ACTIVITY OF THE SCHIFF BASE LIGAND AND ITS LANTHANIDE COMPLEXES 

Bacterial strains (mm) Fungal strains (mm) 
Compounds 

Concentration 
(µg/mL) S. aureus E. coli A. niger Rhizopus 

Schiff base ligand, K(val-van) 40 7 15 7 7 
[Sm(val-van)2(H2O)3Cl]·H2O 40 15 16 10 10 
[Nd(val-van)2(H2O)3Cl]·H2O 40 9 12 12 15 
[Dy(val-van)2(H2O)3Cl]·H2O 40 9 12 10 12 

Standard 40 25 25 25 25 
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inhibition, contrasting the results with standard acarbose, as
shown in Table-6. The antidiabetic activity at the concentration
of 12.5, 25, 50, 100 and 200 µg/mL. The IC50 values of Schiff
base ligand, Sm(III), Nd(III) and Dy(III) complexes were found
to be 28.54, 35.07, 25.31 and 26.08%, respectively. The anti-
diabetic activity of the Nd(III) complex exhibited significant
inhibitory effects compared to both the standard and the Schiff
base ligand. This research emphasizes the development of new
drugs, even for complex disorders like diabetes mellitus, given
its global health impact. Schiff base metal complexes have
shown promising insulin-mimetic qualities in various research
studies addressing abnormal insulin production, the root cause
of diabetes mellitus [51].

TABLE-6 
ANTI-DIABETIC ACTIVITY OF SCHIFF BASE  

LIGAND AND ITS LANTHANIDE COMPLEXES 

Compounds Conc. 
(µg/mL) 

OD at 
540 nm 

Inhibition 
(%) 

IC50 
(µg/mL) 

 Control 0.2541   
12.5 0.1792 29.4765 
25 0.1688 33.5694 
50 0.1628 35.9307 
100 0.1536 39.5513 

Schiff base ligand 

200 0.1497 41.0861 

28.54% 

12.5 0.1632 35.7733 
25 0.1578 37.8984 
50 0.1514 40.4171 
100 0.1428 43.8016 

[Sm(val-
van)2(H2O)3Cl]·H2O 

200 0.1402 44.8248 

35.07% 

12.5 0.1848 27.2727 
25 0.1715 32.5068 
50 0.1636 35.6158 
100 0.1578 37.8984 

[Nd(val-
van)2(H2O)3Cl]·H2O 

200 0.1432 43.6442 

25.31% 

12.5 0.1836 27.7449 
25 0.1782 29.8701 
50 0.1732 31.8378 
100 0.1626 36.0094 

[Dy(val-
van)2(H2O)3Cl]·H2O 

200 0.1512 44.4958 

26.08% 

12.5 0.1531 39.7481 
25 0.1457 42.6604 
50 0.1396 45.061 
100 0.1263 50.2952 

Acarbose standard 

200 0.1175 53.7584 

38.26% 

 
Larvicidal activity: The larvicidal activity data of the

compounds against Culex quinquefasciatus mosquito larvae
are shown in Table-7. The synthesized Ln(III) complexes
demonstrated a significant the larvicidal effect suggesting their
potential as insecticidal agents for mosquito control. Speci-

TABLE-7 
MORTALITY VALUES OF SCHIFF BASE  

LIGAND AND ITS LANTHANIDE COMPLEXES 

Larvicidal activity (%) 
Compounds 

24 h 48 h 72 h 96 h 
Schiff base ligand; K(val-van) 10 16 19 23 
[Sm(val-van)2(H2O)3Cl]·H2O 10 16 22 25 
[Nd(val-van)2(H2O)3Cl]·H2O 14 18 24 28 
[Dy(val-van)2(H2O)3Cl]·H2O 12 18 20 26 

 

fically, the Nd(III) complex exhibited an increased mortality
rate compared to the Schiff base ligand and the complexes,
against the Culex mosquitoes.

Conclusion

The synthesis of Sm(III), Nd(III) and Dy(III) complexes
with the Schiff base ligand derived from L-valine and vanillin
by solid-state method was accomplished. The synthesized comp-
ounds were characterized by elemental analyses, molar conduc-
tivities, magnetic susceptibility, FT & FAR-IR, UV-Vis, NMR,
ESI-MS spectra and thermal analyses. The 1H NMR data sugg-
ested that the deprotonated phenolic oxygen after the comp-
lexation. In these complexes, the tridentate Schiff base ligand
coordinated to Ln(III) ion through phenolic-oxygen, azomethine-
nitrogen and carboxylate–oxygen atoms forming stable compl-
exes, with a coordination number ten. The complexes display
characteristic luminescence emissions from the central metal
ions, attributed to efficient energy transfer from the Schiff base
ligand to the metal center. Band gap measurements of 2.75,
2.64 and 2.69 eV for Sm(III), Nd(III) and Dy(III), respectively,
fall within the semi-conducting range. Antioxidant activity
assessment using a radical scavenging method shows that the
Ln(III) complexes exhibit more effective antioxidant activity
than the standard. Antimicrobial screening reveals higher activity
for the Ln(III) complexes compared to the Schiff base ligand.
In terms of anti-inflammatory activity, all the lanthanide(III)
complexes exhibit significant inhibition of protein denaturation
compared to the Schiff base ligand. The complexes also demon-
strate good inhibitory activity for α-amylase. In larvicidal activity,
the lanthanide(III) complexes show an increased mortality rate
compared to the Schiff base ligand and display good activity
against Culex mosquitoes. Also the synthesized lanthanide(III)
complexes may serve as potential insecticidal substances in
mosquito control. The study concludes that these lanthanide(III)
compounds possess intriguing physical, chemical and poten-
tially advantageous chemotherapeutic properties.
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