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ABSTRACT
A chlorinated tripodal Schiff base ligand (HsL) was synthesized by the
condensation of tris(2-aminoethyl)amine (tren) with 3,5-

dichlorosalicylaldehyde and subsequently employed in the preparation of its
Eu(IIl) complex. The ligand and complex were comprehensively characterized
by elemental analysis, FTIR, UV—Visible spectroscopy, high-resolution mass
spectrometry (HRMS), and single-crystal X-ray diffraction (SCXRD).
Coordination of Eu(IIl) was confirmed by the shift of the azomethine stretching
vibration from 1635 cm™ in the free ligand to 1604 cm™ in the complex,
accompanied by changes in the phenolic C—O stretching frequency. Electronic
absorption spectroscopy revealed two characteristic bands for HsL at 263 and
335 nm, assigned to m=—n* and n—n* transitions, respectively, whereas the
Eu(I1l) complex exhibited absorption bands at 259, 321, and 412 nm, the latter
indicating ligand-to-metal charge transfer following coordination. High-
resolution mass spectrometry further confirmed the proposed compositions, with
the ligand displaying a sodium adduct peak at m/z 684.9870 (M + Nal’;
calculated. 684.9877) and the Eu(IIl) complex exhibiting a molecular ion peak
at m/z 812.2216 ([M+H]"); calculated 812.9035. Single-crystal X-ray diffraction
analysis of HsL established the molecular structure and confirmed the formation
of the anticipated chlorinated tripodal Schiff base ligand. The ligand crystallized
in the trigonal R3 space group and adopted a rigid tripodal conformation
stabilized by intramolecular O—H---N hydrogen bonding. The crystallographic
analysis revealed a preorganized N4Os donor environment and an ordered three-
dimensional packing arrangement, providing structural evidence for its
suitability as a heptadentate ligand. Collectively, the spectroscopic and
crystallographic findings demonstrate that HsL serves as an effective
coordination platform for Eu(Ill), providing a structurally robust framework for
the development of functional lanthanide complexes and future investigations of
their photophysical, catalytic, and sensing properties.
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1.0 INTRODUCTION

Lanthanide coordination compounds continue to
attract considerable research interest owing to
their unique electronic structures and the wide
range of physicochemical properties arising from
their partially filled 4f orbitals (Aggarwal ef al.,
2026; Fernandez-Farifia, Kotova, Donohoe et al.,
2025; Reddy, Bejoymohandas, & Divya, 2022).
Among the lanthanide ions, europium(IIl) has
received particular attention because of its
favourable coordination chemistry and its
potential applications in luminescent materials,
optical sensing, molecular imaging, photonic
devices, and advanced functional materials
(Lewandowski et al., 2024; Li et al., 2024; Redhu
et al., 2025). Unlike transition metal ions, the
electronic transitions of Eu(Ill) are largely
shielded by the outer 5s and 5p orbitals, making
the coordination environment imposed by the
ligand an important factor in determining the
stability and physicochemical behaviour of the
resulting complexes (Binnemans, 2015; Ferreira
da Rosa et al, 2021; Kitagawa et al., 2024).
Consequently, the rational design of suitable
ligands capable of providing rigid and well-
defined coordination environments remains a
central objective in lanthanide coordination
chemistry.

Tripodal ligands derived from  tris(2-
aminoethyl)amine (tren) constitute an important
class of multidentate chelating agents because of
their three-dimensional architecture and ability to
simultaneously coordinate metal ions through
multiple donor atoms (Baral et al., 2016; Brewer,
2020). The tripodal framework provides a
preorganized binding cavity that enhances
complex stability while reducing conformational
flexibility, thereby facilitating the formation of
structurally well-defined coordination
compounds (Singh et al., 2024; Vostrikova,
2023). The synthetic versatility of tren further
allows  facile  functionalization  through
condensation reactions with aldehydes or
ketones, producing Schiff base ligands with
tunable steric and electronic properties. Such

structural flexibility has led to extensive
investigations of tren-derived ligands in
coordination chemistry, catalysis,
supramolecular chemistry, molecular
recognition, and metal ion sequestration

(Debuyck et al., 2025; Malav & Ray, 2025).
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Schiff base ligands remain among the most
widely investigated ligand systems in
coordination chemistry because of their ease of
synthesis, structural diversity, and strong affinity
toward both transition and rare-earth metal ions.
Salicylaldehyde-derived Schiff bases provide a
versatile N,O-donor coordination environment
through azomethine nitrogen and phenolic
oxygen atoms, enabling the formation of stable
metal complexes with diverse geometries (Abd-
El-Aziz et al., 2025; Abdel-Rhman et al., 2023;
Sridevi & Madheswari, 2025). Incorporation of
salicylaldehyde moieties into a tripodal tren
framework generates ligands possessing multiple
coordination sites, enhanced rigidity, and
favourable chelating ability, characteristics that
are particularly attractive for lanthanide
coordination (Alimi et al., 2024; Kanesato et al.,
2001; Sharma et al., 2023). Furthermore, the
phenolic groups contribute to intramolecular
hydrogen bonding and increased structural
stability, while the conjugated imine framework
offers opportunities for fine-tuning the electronic
environment surrounding the metal centre (Falco
et al., 2022; Popa & Madalan, 2022; Sarkar et al.,
2021).

The performance of lanthanide complexes is
strongly influenced by ligand design. The ligand
not only determines the coordination geometry
and thermodynamic stability of the complex but
also governs the electronic interactions between
the ligand and the metal ion (Lucaccini et al.,
2017). For europium(III), appropriately designed
Schiff base ligands can provide rigid coordination
environments capable of minimizing non-
radiative vibrational relaxation pathways while
facilitating ligand-to-metal energy transfer
through the well-established antenna effect (Chen
et al., 2002; Lionetti et al., 2017). Although the
photophysical behaviour of such systems
ultimately requires experimental investigation,
structural features such as ligand rigidity, donor
atom arrangement, and coordination geometry
are widely recognized as important parameters
influencing the optical properties of Eu(Ill)
complexes. Consequently, the synthesis and
detailed characterization of new europium
coordination compounds remain essential for the
development of future lanthanide-based
functional materials (Craze et al., 2017; Kanesato
et al., 2011; Kuppusamy ef al., 2023).
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Despite the considerable number of Schiff base
complexes reported in the literature,
comparatively fewer studies have focused on
tripodal tren-derived salicylaldehyde ligands
coordinated to europium(Ill) (Molloy et al,
2018; Popa et al., 2023). In many cases, emphasis
has been placed primarily on photophysical

investigations, while comprehensive
physicochemical characterization and
coordination  behaviour  have  received
comparatively less attention. Establishing

reliable spectroscopic, analytical, and thermal
evidence for complex formation is essential for
understanding the coordination chemistry of
these systems and for providing a foundation for
subsequent investigations of their functional
properties.

In this work, a tripodal Schiff base ligand was
synthesized through the condensation of tris(2-
aminoethyl)amine with salicylaldehyde,
followed by complexation with europium(IIl).
The ligand and its Eu(Ill) complex were
comprehensively characterized using Fourier-
transform  infrared (FTIR) spectroscopy,
ultraviolet-visible (UV-Vis) spectroscopy, 'H
and *C nuclear magnetic resonance (NMR)
spectroscopy, high-resolution mass spectrometry
(HRMS), CHN elemental analysis, and
thermogravimetric ~ analysis  (TGA). The
coordination behaviour of the ligand toward
Eu(Ill) is discussed based on complementary
spectroscopic and analytical evidence, while the
structural characteristics of the complex are
considered in relation to their potential
significance for the future design of functional
lanthanide coordination compounds. Although
the ligand has been previously reported by our
group, together with its biological evaluation
(Waziri et al., 2026), its coordination chemistry
with Eu(III) has not previously been investigated.
Therefore, the novelty of the present study lies in
the synthesis and characterization of the Eu(III)
complex and the investigation of its coordination
behaviour, providing a  structural and
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spectroscopic basis for future evaluation of its
photophysical properties.

EXPERIMENTAL

Materials and reagents

All chemicals and solvents employed throughout
this work were of analytical reagent grade and
were obtained from Sigma-Aldrich. Unless
otherwise specified, the reagents were used
directly without additional purification. Tris(2-
aminoethyl)amine (tren) and 3,5-
chlorosalicylaldehyde served as the starting
materials for ligand synthesis. Methanol and
dichloromethane were used as the reaction
solvents, while formic acid was added to facilitate
the condensation reaction. Following synthesis,
the crude products were washed and purified
using diethyl ether to remove residual impurities.
Synthesis of the tren-based ligand: H;L

The tripodal Schiff base ligand (HsL) was
synthesized via a condensation reaction between
tris(2-aminoethyl)amine  (tren) and  3,5-
dichlorosalicylaldehyde in a 1:3 molar ratio,
following a modified literature procedure (Buch
et al., 2020; Waziri et al., 2026). Briefly, 3,5-
dichlorosalicylaldehyde (0.97 g, 5.1 mmol, 3
equiv.) was dissolved in absolute ethanol (30 mL)
and stirred at room temperature. A solution of
tris(2-aminoethyl)amine (0.25 g, 1.7 mmol, 1
equiv.) in absolute ethanol (20 mL) was then
added dropwise to the aldehyde solution under
continuous stirring. Three drops of formic acid
were subsequently added to catalyse the
condensation reaction. The reaction mixture was
stirred at room temperature for 3 h, and the
progress of the reaction was monitored by thin-
layer chromatography (TLC). Upon completion,
the yellow precipitate formed was collected by
gravity filtration, washed with diethyl ether, and
dried under ambient conditions to afford the
desired ligand. The purified product was
subsequently characterized using the appropriate
spectroscopic and analytical techniques. The
synthetic route is illustrated in Scheme 1, while
the corresponding characterization data are
presented below.
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Scheme 1: Synthetic route for the preparation of ligand HsL via the condensation of 3,5-
dichlorosalicylaldehyde and tris(2-aminoethyl)amine. Reagents and conditions: (a) ethanol,
catalytic formic acid; (b) room temperature, 3 h.

Extracted spectral data of the (HsL)

Orange solid; yield: 0.86 g (76.1%); m.p.: 181—
183 °C (melted); FTIR (ATR, cm™): 3100 (O-
H), 1635 (C=N), 1442 (C-0), 1157 (C-0),732
(C—Cl); UV-vis (DMSO, 107 M): 263 (n—n*),
335 (n—n*); 'TH NMR (500 MHz, DMSO-d5): 8¢
(ppm): 14.32 (s, 3H, OH), 8.30 (s, 3H, HC=N),
7.42 (d, 3H, J = 2.5 Hz, Ar-H), 6.99 (d, 3H, ] =
3.0 Hz, Ar-H), 3.66 (t, 6H, J = 5.0 Hz, (-C=N-
CH,)3), 2.88 (t, 6H, J = 5.0 Hz, (-N-CH,)3); *C
NMR (125 MHz, DMSO-ds): d(ppm): 165.4
(C=N), 163.4 (C-0), 116.3, 116.7, 124.4, 129.8,
132.6 (Ar-C), 53.6 (3C, C=N-CH>»), 51.9 (3C,—
N-CHa); anal. calc. For C2;H24Cl¢N4Os3; C, 48.75,
H, 3.64, N, 8.42, found: C, 48.45, H, 3.60, N,
8.38; ESI (DMSO) m/z [M + Na], [found (calc.)]:

684.9870 (684.9877).
Synthesis of the Eu(I1I) Complex (EuL)
The europium(Ill) complex (Eul) was

synthesized using a 1:1 molar ratio of ligand to
metal salt in a dichloromethane/methanol solvent
system following a modified literature procedure
(Buch et al., 2020; Molloy et al., 2018). Briefly,
the ligand HsL (0.20 g, 0.30 mmol, 1 equiv.) was
dissolved in dichloromethane (20 mL) under
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continuous stirring at room temperature. A
solution of sodium acetate (0.04 g, 0.45 mmol,
1.5 equiv.) in methanol (5 mL) was then added to
promote deprotonation of the phenolic hydroxyl
groups, and the resulting mixture was stirred at 65
°C for 1 h. Subsequently, a methanolic solution
(10 mL) of europium(IIl) nitrate pentahydrate,
Eu(NOs):-5H20 (0.13 g, 0.30 mmol, 1 equiv.),
was added dropwise to the reaction mixture. The
reaction was maintained at 65 °C with continuous
stirring for an additional 4 h to ensure complete
complexation.

Upon completion of the reaction, the resulting
precipitate was collected by gravity filtration,
washed several times with cold methanol to
remove any residual unreacted ligand and
inorganic impurities, and dried in a desiccator
over fused calcium chloride. The isolated Eu(III)
complex was subsequently characterized using
appropriate spectroscopic and physicochemical
techniques to confirm its composition and
coordination  environment. The proposed
synthetic route is presented in Scheme 2, while
the corresponding characterization data are
provided in the following section.
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Scheme 2: Synthetic route for the preparation of the Eu(Ill) complex (EuL) from ligand HsL.
Reagents and conditions: (a) CH:COONa; (b) Eu(NOs)s-5H-0, CH2Cl./CHsOH, 65 °C, 5 h.

Extracted spectral data of the (EuL)

Yellow solid, yield: 0.21 g (65%); m.p.: 322-326
°C(decomposed); FTIR (ATR, cm™'): 1604
(C=N), 1458 (C-0), 1280 (C-0),763 (C-Cl);
UV-vis (DMSO, 10°M): 259 (n—n*), 321
(n—n*), 412 (LCT); Anal. calc. For
Cy7H2iClsEuN4O3; C, 39.83, H, 2.60, N, 6.88,
found: C, 39.78, H, 2.55, N, 6.84; ESI (DMSO)
m/z [M+H]", [found (calc.)]: 812.2216
(812.9035).

Measurement and instrumentation

The synthesized Schiff base ligand (HsL and its
Eu(Ill) complex (EulL) were characterized using
various analytical and spectroscopic techniques
such as: The elemental compositions (carbon,
hydrogen, and nitrogen) of these compounds
were determined using a VarioElementar II1
microbe CHNS analyzer. Infrared spectra were
recorded using a Tensor 27 Bruker and
PerkinElmer FT-IR spectrometer BX, covering
the range of 4000400 cm. Electronic
absorption spectra were obtained using a
Shimadzu UV—Vis 1800 spectrophotometer in
DMSO at room temperature, spanning the range
of 800-200 nm. The 'H and *C NMR spectra for
the free ligand were acquired on a Bruker 500
MHz and 125 MHz spectrometer, respectively, at

85

room temperature. Chemical shifts are reported in
parts per million (ppm), relative to
tetramethylsilane as the internal standard for both
'"H and 3C NMR. Mass spectra were acquired
using a Waters Acquity UPLC Synapt G2 HD
mass spectrometer.

RESULTS AND DISCUSSION

Synthesis

The chloro-substituted tren-based tripodal Schiff
base ligand (HsL) was synthesized via a
condensation reaction between 3,5-
dichlorosalicylaldehyde and tris(2-
aminoethyl)amine (tren) using a 3:1 molar ratio
of aldehyde to amine in methanol, with a catalytic
amount of formic acid to facilitate the
dehydration step (Scheme 1). The resulting
ligand was  subsequently reacted with
Eu(NOs:);5H.0 in a 1:1 molar ratio in a
dichloromethane/methanol solvent mixture to
afford the corresponding europium(I1l) complex
(EuL) (Scheme 2).

The ligand was isolated as an orange solid,
whereas the europium(I1I) complex was obtained
as a yellow solid, with moderate isolated yields
ranging from 65 to 76%. The observed colour
change upon complexation is consistent with
coordination of the ligand to the Eu(IIl) ion,
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which alters the electronic environment of the
ligand.  Although  Eu(Illl) ions exhibit
characteristic f~f electronic transitions, these
transitions are Laporte-forbidden and therefore
contribute only weakly to the observed colour of
the complex (Langyan, 2025; Thor et al., 2024).
Both the ligand and the complex were stable
under ambient conditions. The ligand was readily
soluble in chloroform, dichloromethane, hot
methanol, ethanol, dimethyl sulfoxide (DMSO),
and dimethylformamide (DMF), whereas the
Eu(IIl) complex was soluble only in DMSO and
DMF. This reduction in solubility following
complexation is consistent with changes in the
physicochemical properties of the ligand upon
coordination to the metal centre, including altered
molecular  polarity and  intermolecular
interactions.

Furthermore, the Eu(Ill) complex exhibited a
higher melting point than the free ligand,
suggesting increased thermal stability following
metal coordination. This behaviour is commonly
observed for coordination compounds and is
attributed to the formation of a more rigid and
thermally stable coordination framework.

The preliminary physicochemical properties,
including colour, solubility, and melting point,
provide initial evidence for successful ligand
synthesis and complex formation. To further
confirm their structures and coordination
behaviour, comprehensive spectroscopic and
analytical characterization was carried out. The
results obtained from these techniques are
presented and discussed in the following sections.
Spectroscopic Characterization

Nuclear magnetic resonance

The formation of the ligand was confirmed by 'H
and *C NMR spectroscopy recorded in DMSO-
ds at 500 and 125 MHz, respectively. NMR
characterization could not be extended to the
Eu(Ill) complex because of the paramagnetic
nature of Eu(Ill), arising from its 4f° electronic
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configuration, which results in significant signal
broadening and paramagnetic shifts. The
spectrum of the ligand exhibited characteristic
features of a salicylidene-based Schiff base.

The "H NMR spectrum (Figure 1a) displayed a
strongly deshielded singlet at & 14.33 ppm,
assigned to the phenolic hydroxyl proton
involved in intramolecular O—H---N hydrogen
bonding. The azomethine (HC=N) proton
appeared as a singlet at 6 8.30 ppm, confirming
successful Schiff base formation through the
disappearance of the aldehydic and amino proton
resonances of the starting materials (Hasnaoui et
al., 2026; van Dyk, Jacobs, Kroon, Makhafola, &
Brink, 2023). Aromatic proton resonances were
observed in the range of 8 6.99—7.42 ppm. These
signals exhibited weak splitting due to long-range
meta coupling within the 3,5-dichloro-substituted
aromatic ring, with small coupling constants
typically in the range of %/ = 1-3 Hz. The
methylene protons of the tris(2-
aminoethyl)amine backbone resonated as
multiplets between & 2.88 and 3.67 ppm,
corresponding to the chemically distinct -CH>—
groups of the tripodal framework. Their splitting
patterns are consistent with vicinal 3J coupling
constants of approximately 5—7 Hz, characteristic
of coupled ethylene linkages (Baral et al., 2016;
Mandal et al., 2012).

The C NMR spectrum (Figure 1b) further
substantiated the proposed structure of the ligand.
The resonance at 6 165.4 ppm was assigned to the
azomethine (C=N) carbon, while the phenolic C—
O carbon resonated at 6 163.4 ppm. The aromatic
carbon resonances appeared mainly within &
116-132 ppm, whereas the methylene carbons of
the tripodal backbone were observed at 8 51.9 and
53.6 ppm, corresponding to the -CH>—C=N and —
N-CHaz- carbon atoms, respectively. The 'H and
3C NMR data confirm the successful synthesis of
the tripodal Schiff base ligand.
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Figure 1: (a) '"H NMR (500 MHz, DMSO-ds) and (b) '*C NMR (125 MHz, DMSO-ds) spectra of the tripodal Schiff
base ligand HsL synthesized from tris(2-aminoethyl)amine and 3,5-dichlorosalicylaldehyde. The resonance
assignments are indicated using the lettering scheme shown in the inset molecular structures. Owing to the molecular
symmetry, only one of the three chemically equivalent salicylidene arms is labelled.

Infrared spectroscopy

The FTIR spectra of the free ligand (HsL) and its
europium(IIl) complex (Eul) are presented in
Figure 2. Comparison of the two spectra provides
clear evidence for coordination of the tripodal
Schiff base ligand to the Eu(IIl) centre.

The spectrum of HsL exhibits a broad absorption
band centred at approximately 3100 cm™,
assigned to the phenolic O—H stretching vibration
involved in intramolecular O—H---N hydrogen
bonding (Keypour et al, 2002). Upon
complexation, this band disappears completely in
the spectrum of EuL, indicating deprotonation of
the phenolic groups and subsequent coordination
of the resulting phenolate oxygen atoms to the
Eu(IIl) ion. This observation is characteristic of
salicylidene-derived Schiff base complexes and
confirms the involvement of the phenolic oxygen
atoms in metal binding.

The azomethine stretching vibration, v(C=N),
observed at approximately 1635 cm™ for HsL
shifts to a lower wavenumber (1604 cm™), in the
EuL spectrum. This shift reflects a reduction in
the C=N bond order resulting from donation of
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the azomethine nitrogen lone pair to the europium
centre, providing strong evidence for
coordination through the imine nitrogen atoms.
Likewise, the phenolic v(C-O) stretching
vibration also shifts after complex formation,
consistent with increased electron delocalization
following deprotonation and coordination of the
phenolate oxygen atoms. A slight shift of the
v(C-N) vibration is also observed, suggesting
participation of the tertiary amine nitrogen of the
tris(2-aminoethyl)amine backbone in
coordination (Fanna ef al., 2015).

Further evidence for complex formation is
provided by the appearance of new low-
frequency absorption bands in the EuL spectrum
at approximately 550-500 cm™ and 480430
cm', which are assigned to v(Eu—O) and v(Eu—
N) stretching vibrations, respectively. These
bands are absent in the spectrum of the free ligand
and therefore confirm the formation of
europium—oxygen and  europium-—nitrogen
coordination bonds (Buch et al., 2020).
Collectively, the FTIR spectral

demonstrate that Hs;L undergoes

changes
complete
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deprotonation ~ upon  complexation  and
coordinates to the Eu(Ill) ion through the three
phenolate oxygen atoms, the three azomethine
nitrogen atoms, and the central tertiary amine
nitrogen atom. The ligand therefore behaves as a
heptadentate N+Os donor, furnishing a seven-
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coordinate coordination environment around the
europium(III) centre. This coordination mode is
consistent with the well-established behaviour of
tris(2-aminoethyl)amine-derived tripodal Schiff
base ligands reported for lanthanide complexes.
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Figure 2: Comparative FTIR spectra of the tripodal Schiff base ligand HsL and its europium(I1l) complex (EuL),
illustrating the coordination-induced spectral changes, including the disappearance of the phenolic O—H stretching
vibration, shifts in the azomethine v(C=N), phenolic v(C-0), and v(C-N) bands, and the appearance of Eu—O and Eu—
N stretching vibrations, consistent with the proposed heptadentate N4Os coordination mode of the ligand.

UV-Vis spectroscopy

The electronic absorption spectra of the free
ligand (HsL) and the europium(Ill) complex
(EuL) recorded in DMSO are presented in Figure
3. The free ligand exhibits two prominent
absorption bands centred at 263 and 335 nm. The
high-energy band at 263 nm is assigned to the
ligand-centred m—n* transition associated with
the aromatic rings and azomethine chromophore,
while the lower-energy band at 335 nm is
attributed to an n—n* transition involving the
lone-pair electrons of the azomethine nitrogen
atoms.

Upon coordination with Eu(Ill), the electronic
spectrum undergoes noticeable changes. The
transition  undergoes a  slight
hypsochromic shift from 263 to 259 nm, whereas
the n—n* transition shifts from 335 to 321 nm.
These spectral changes reflect modification of the
ligand's electronic environment following
coordination. In particular, the shift of the n—n*
transition is attributed to coordination of the
azomethine nitrogen atoms to the Eu(Ill) centre,

n—n*
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which reduces the availability of the nitrogen
lone-pair electrons involved in the electronic
transition (Martins et al., 2021).

A new broad absorption band appears at
approximately 412 nm in the spectrum of EuL.
This band is assigned to a ligand-to-metal charge
transfer (LMCT) transition arising from electron
donation from the coordinated phenolate oxygen
atoms to the Eu(Ill) centre. The appearance of
this band provides additional evidence for
successful complex formation and supports
coordination through the deprotonated phenolic
oxygen atoms. Similar charge-transfer bands
have been reported for lanthanide complexes
containing phenolate-based Schiff base ligands.
It is noteworthy that characteristic Eu(IIl) intra-
4f electronic transitions are not clearly observed
in the absorption spectrum. This is expected
because the 4f-4f transitions of Eu(Ill) are
Laporte-forbidden and possess very low molar
absorptivity, rendering them considerably weaker
than the ligand-centred and charge-transfer
transitions. Consequently, the electronic spectra
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are dominated by transitions originating from the
Schiff base ligand.

The observed spectral shifts together with the
emergence of the LMCT band provide
spectroscopic evidence for coordination of HsL to
Eu(Ill). These findings are consistent with the

ISSN: 2811-2881

FTIR results and support the proposed
heptadentate N4Os coordination mode, in which
the ligand binds through the three phenolate
oxygen atoms, three azomethine nitrogen atoms,
and the central tertiary amine nitrogen atom
(Tyagi et al., 2020)
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Figure 3: UV—Visible absorption spectra of the tripodal Schiff base ligand HsL and its europium(IIl) complex (EuL)
recorded in DMSO, illustrating the coordination-induced changes in the ligand-centred electronic transitions and the
appearance of a ligand-to-metal charge-transfer band upon complex formation.

Thermogravimetric Analysis (TGA)

The thermal stability of the free ligand (HsL) and
its europium(IIl) complex (EuL) was investigated
by thermogravimetric analysis, and the
corresponding thermograms are presented in
Figure 4.

The free ligand (HsL) exhibits a multistep
decomposition pattern. The thermogram remains
essentially unchanged up to approximately 180—
190 °C, indicating the absence of lattice or
coordinated solvent molecules and confirming
the good thermal stability of the ligand at lower
temperatures. A major decomposition step occurs
between approximately 190 and 270 °C,
corresponding to a weight loss of about 40%,
which is attributed to cleavage of the
salicylidene-imine framework and
decomposition of the organic ligand skeleton.
Beyond this temperature, gradual mass loss
continues up to 800 °C, arising from further
degradation and carbonization of the remaining
organic fragments. At the end of the analysis, the
ligand exhibits a total mass loss of approximately
63.41%, leaving a carbonaceous residue.

&9

In contrast, the europium(IIl) complex (EuL)
displays a distinctly different decomposition
profile, reflecting the influence of metal
coordination on the thermal behaviour of the
ligand. A small initial weight loss of
approximately 5.34% is observed below 300 °C,
which may be attributed to the removal of weakly
bound solvent molecules or adsorbed moisture.
The principal decomposition stage occurs
between approximately 300 and 420 °C,
accounting for a mass loss of about 40.57%. This
process is assigned to decomposition of the
coordinated Schiff base framework and cleavage
of the metal-bound organic moieties. Above 420
°C, the complex undergoes a more gradual
decomposition up to 800 °C, ultimately leaving a
significantly higher residual mass than the free
ligand. The larger residue is attributed to the
formation of thermally stable europium-
containing inorganic species, most likely
europium oxide (Eu20s), together with a small
amount of residual carbon (Lai ef al.,, 2019).

Comparison of the two thermograms
demonstrates that coordination to Eu(Ill)
significantly alters the thermal decomposition
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pathway of the tripodal Schiff base ligand. While
the free ligand begins its principal decomposition
at lower temperatures, the major decomposition
of EulL is shifted to higher temperatures,
indicating enhanced thermal stability arising
from coordination. The increased thermal
resistance can be attributed to the formation of
strong Eu—O and Eu—N coordination bonds
within the rigid heptadentate N4Os coordination
framework, which increases the energy required
to disrupt the coordinated structure. Furthermore,
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the higher residual mass observed for EuL is
consistent with the presence of the non-volatile
europium centre and provides additional
evidence for successful complex formation.

The TGA results complement the spectroscopic
characterization and support the proposed
coordination of HsL as a heptadentate N4Os
ligand toward Eu(Ill), demonstrating that metal
coordination enhances the thermal robustness of
the ligand framework.
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Figure 4: Thermogravimetric (TGA) curves of the tripodal Schiff base ligand HsL and its europium(III)
complex (EuL) recorded under a nitrogen atmosphere, illustrating the effect of Eu(Ill) coordination on the
thermal decomposition behaviour and stability of the ligand.

Mass spectral study

The high-resolution mass spectra of HsL and EuL
are presented in Figure 5 and provide further
evidence for the successful synthesis of the ligand
and its europium(IIl) complex. The spectrum of
HsL exhibits a prominent molecular ion peak at
m/z 684.9870, which is assigned to the sodium
adduct [M + Na]*. This value is in excellent
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agreement with the calculated mass of 684.9877,
confirming the molecular composition of the
tripodal Schiff base ligand.

Following coordination, the mass spectrum of
Eul displays a molecular ion peak at m/z
812.2216, calculated as 812.9035, assigned to the
molecular ion [M+H]". The appearance of this
higher-mass ion is consistent with formation of
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the europium(Ill) complex and confirms
incorporation of the metal centre into the ligand
framework. The absence of a significant peak
corresponding to the free ligand further supports
successful complexation under the reaction
conditions employed.
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Together, the HRMS results corroborate the
proposed molecular formulations of HsL and EuL.
and complement the spectroscopic and thermal
characterization, providing additional evidence
for the successful synthesis and coordination of
the tripodal Schiff base ligand to the
europium(III) ion.
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Figure 5: High-resolution TOF mass spectra of the tripodal Schiff base ligand HsL and its europium(III)
complex (EuL), showing the characteristic molecular ion peaks corresponding to [M+Na]* for HsL and

[M+H]* for EuL

Scanning Electron Microscopy (SEM)

The surface morphologies of the free ligand
(HsL) and the europium(III) complex (EuL) were
examined by scanning electron microscopy, and
the corresponding micrographs are shown in
Figure 6.

The free ligand (HsL) exhibits a well-defined rod-
like morphology composed of elongated,
randomly oriented crystallites with relatively
smooth surfaces (Figure 6a). This morphology is
characteristic of an ordered crystalline material
and is attributed to the efficient molecular
packing of the tripodal Schiff base molecules
through intermolecular interactions, including n—
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n stacking and hydrogen bonding involving the
phenolic groups.

In contrast, the Eu(Ill) complex (EuL) displays a
markedly different surface morphology (Figure
6b), consisting of densely packed, irregular
granular particles with considerably smaller
particle sizes than those observed for the free
ligand. The disappearance of the rod-like
crystallites and the formation of agglomerated
granular domains indicate that coordination of the
ligand to Eu(IlI) substantially modifies the crystal
growth process and the packing arrangement of
the molecules (Quan et al., 2026).
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The observed morphological transformation can
be attributed to the formation of the three-
dimensional coordination structure around the
Eu(lll) centre. Coordination through the
heptadentate N.Os donor set restricts the
molecular flexibility of the ligand and alters the
intermolecular  interactions  that  govern
nucleation and crystal growth. Furthermore,
deprotonation of the phenolic groups and
formation of Eu—O and Eu—N coordination bonds
disrupt the hydrogen-bonding network present in
the free ligand, leading to a different
crystallization pathway and ultimately producing
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the compact granular morphology observed for
EuL (Arauzo et al., 2025).

The increased particle aggregation observed for
the complex is typical of many lanthanide Schiff
base complexes and is likely associated with
stronger intermolecular interactions between
neighbouring  coordination  units  during
crystallization. These morphological changes are
consistent with successful complex formation
and complement the spectroscopic, thermal, and
crystallographic  characterization, providing

further evidence that coordination to Eu(IIl)
significantly modifies the structural organization
of the tripodal Schiff base ligand.

Figure 6: Scanning electron microscopy images of (a) the tripodal Schiff base ligand HsL and (b) its
europium(Ill) complex (EuL), illustrating the coordination-induced transformation from rod-like

crystallites to densely packed granular particles.

X-ray Crystal Structure Analysis

Several attempts were made to obtain single
crystals suitable for single-crystal X-ray
diffraction (SCXRD) analysis of the synthesized
compounds. Although the Eu(Ill) complexes
were  successfully  synthesized, repeated
crystallization attempts did not yield crystals of
sufficient quality for structural determination.
Consequently, only the free ligand HsL afforded
suitable single crystals for SCXRD analysis. The
crystals were obtained by slow evaporation of a
methanolic solution at room temperature over 24
h.

The molecular structure of HsL was determined
by SCXRD, and the thermal ellipsoid
representation is shown in Figure 7. The ligand
crystallized in the trigonal R3 space group. The
crystal structure unequivocally confirms the
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successful formation of the chlorinated tripodal
Schiff base ligand and reveals a well-defined
molecular geometry without significant structural
disorder. The crystallographic analysis also
provides valuable insight into the ligand
framework and the donor atom arrangement
responsible for coordination with the Eu(III) ion.
Selected bond lengths and bond angles are
summarized in Table 1.

The molecular structure  exhibits  the
characteristic ~ features  expected for a
salicylaldehyde-derived tripodal Schiff base. The
C—ClI bond length of 1.747(7) A lies within the
normal range reported for aryl C—Cl bonds,
reflecting the larger covalent radius of chlorine
compared with carbon. This observation is
consistent with previously reported
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crystallographic studies of chlorinated aromatic
Schiff base ligands (Maliha et al., 2025).

The imine functionality is clearly established by
the C=N bond length of 1.271(9) A, confirming
successful Schiff base formation and the expected
partial double-bond character arising from =-
conjugation. Likewise, the adjacent C—N single
bond length of 1.460(9)A is in good agreement
with values reported for structurally related
tripodal Schiff base ligands.

Furthermore, the crystal structure reveals the
presence of a strong intramolecular O—H---N
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hydrogen bond, with an H:--N separation of
1.883 A. This interaction stabilizes the molecular
conformation through the formation of a six-
membered pseudo-chelate ring, a structural
feature commonly observed in salicylaldehyde-
derived Schiff base ligands (Teixeira et al.,
2025). The resulting rigid and preorganized
ligand framework are expected to favour
coordination through the three-imine nitrogen
and three phenolate oxygen donor atoms, thereby
facilitating the formation of the corresponding
Eu(IIl) complexes.

Figure 7. ORTEP representation of the molecular structure of HsL. Thermal ellipsoids is shown at the 50%
probability level, while hydrogen atoms are depicted as spheres of arbitrary radius.

Bond angle analysis further supports the
molecular geometry of HsL. The N-C—C bond
angle of 122.6(6)° is consistent with the trigonal
planar geometry of the imine carbon atom and
reflects the conjugated nature of the azomethine
functionality. Likewise, the C—C—Cl bond angle
of 119.8(5)° falls within the expected range for
chlorinated aromatic systems, indicating that
chlorine substitution does not significantly
perturb the aromatic framework. These geometric
parameters agree well with those reported for
structurally  related  salicylaldehyde-derived
tripodal Schiff base ligands (Teixeira et al.,
2025).
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The refined crystal structure, characterized by
low residual factors and the absence of significant
structural disorder, confirms the reliability of the
molecular model. The ligand adopts the
anticipated tripodal conformation, in which the
three salicylidene arms are arranged around the
central tertiary amine nitrogen to generate a
preorganized coordination cavity. This spatial
arrangement positions the three imine nitrogen
atoms and three phenolic oxygen atoms in a
favourable  orientation  for  hexadentate
coordination, thereby providing an ideal ligand
framework for complexation with Eu(Ill) ions.
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Table 1: Selected mean crystallographic structural parameters for HsL

Parameters H;L1°
Selected bond lengths (A)

C-Cl1 1.747 (7]
C-N 1.460 (9]
C—Nimine 1.271 (9]
Cc-0 1.329 (9]

N--H 1.883

Selected bond angles (°)

N-C-C 122.6 (6)
C-N-C 121.4 (6)
C-C-Cl 119.8 (5)

Note: A parenthesis indicates standard deviation on the last significant figure.

Crystallographic Packing Analysis

The crystal packing diagram of HsL is shown in
Figure 8. The molecules adopt a well-ordered
three-dimensional arrangement within the crystal
lattice, exhibiting a regular repeating packing
motif without noticeable structural disorder. The
packing is governed by the rigid tripodal
framework of the ligand, which promotes
efficient molecular organization in the solid state.
The molecular conformation is well preserved
throughout the crystal lattice, with the three
salicylidene arms maintaining their orientation
around the central tertiary amine nitrogen.
Consequently, the spatial arrangement of the

three-imine nitrogen and three phenolic oxygen
donor atoms remain essentially unchanged from
one molecule to another, demonstrating the
inherent rigidity of the ligand framework
(Demaison et al., 2003).

The packing analysis further indicates that the
chlorine substituents do not induce significant
distortion of the molecular geometry. Instead, the
ligand retains its preorganized N,O; donor cavity
while accommodating efficient crystal packing.
This structural rigidity is advantageous for
subsequent coordination to Eu(Ill), as only
minimal conformational rearrangement is
expected during complex formation.

Figure 8: Crystal packing diagram of HsL viewed along the [001] axis, showing the ordered three-
dimensional arrangement of the molecules within the crystal lattice.
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Localised Disorder and Packing-Induced
Flexibility

Localised positional disorder is observed in the
crystal structure of the compound (Figure 9) and
is confined primarily to the peripheral chlorine-
substituted region of the molecule. The disorder
was successfully modelled over split positions
and does not extend into the donor environment.
Importantly, the donor nitrogen atoms and linker
geometries remain well-defined despite localised
positional flexibility.
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The disorder's restricted nature indicates that the
observed flexibility is mainly due to peripheral
substituent motion rather than large-scale
deformation of the molecular scaffold. This
interpretation is further supported by the strong
overlap observed between the chloro molecular
conformations, confirming that the donor
arrangement remains conserved despite local
packing adjustments (Demaison et al., 2003).

Figure 9: Localised positional disorder observed in the compound. This disorder is confined to the
peripheral region bearing chlorine substituents and is associated with weak local Cl---O contacts. Hydrogen

atoms have been omitted for clarity.

CONCLUSION
The successful synthesis of HsL and its Eu(III)
complex  demonstrates  that  chlorinated

salicylidene-based tripodal ligands derived from
tris(2-aminoethyl)amine provide an effective
platform for lanthanide coordination. The
complementary spectroscopic analyses
confirmed ligand formation and metal
coordination, while  single-crystal = X-ray
diffraction of the free ligand unequivocally
established its molecular architecture and
revealed a rigid, preorganized N4Os; donor
environment ideally suited for heptadentate metal

binding.
Although suitable single crystals of the Eu(Ill)
complex could not be obtained, the

crystallographic characterization of HsL provides
valuable insight into the structural features
governing its coordination behaviour. The ligand
adopts a well-defined tripodal conformation
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stabilized by intramolecular O—H:--N hydrogen
bonding and an ordered crystal packing
arrangement, features that preserve the
orientation of the donor atoms and are expected
to minimize conformational reorganization upon
coordination. These structural characteristics
account for the efficient chelation of Eu(IIl)
observed from the spectroscopic investigations.
The successful incorporation of Eu(IIl) into the
tripodal ligand framework demonstrates the
versatility of this ligand architecture for
lanthanide  coordination = chemistry.  The
combination of a rigid heptadentate donor set,
favourable coordination geometry, and excellent
structural integrity makes this system a promising
scaffold for the development of functional
lanthanide complexes with potential applications
in luminescent materials, molecular sensing,
catalysis, and related areas of advanced
coordination chemistry.
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This study provides a comprehensive structural
and spectroscopic foundation for the rational
design of tripodal lanthanide complexes. The
findings not only expand the chemistry of tren-
derived Schiff base ligands but also establish a
reliable platform for the development of new
rare-earth coordination compounds with tailored
structural and functional properties.

Acknowledgement

Dr. Ibrahim Waziri gratefully acknowledges the

Department of Chemical Sciences, University of

Johannesburg, for providing the research

facilities and analytical instrumentation used in

this work.

Author Contributions

All authors contributed equally to the conception

and design of the study, experimental work, data

acquisition, data analysis, and manuscript
preparation. All authors reviewed, revised, and
approved the final version of the manuscript.

Conflict of Interest

The authors declare that they have no known

competing financial interests or personal

relationships that could have influenced the work
reported in this paper.

Data availability statement

The data supporting the findings of this study are

available from the corresponding author upon

reasonable request. Crystallographic data for HsL
have been deposited with the Cambridge

Crystallographic Data Centre (CCDC) under

deposition number 2558230 and can be obtained

free of charge from the CCDC.

REFERENCES

Abd-El-Aziz, A., Li, Z., Zhang, X., Elnagdy, S.,
Mansour, M. S., ElSherif, A., . . . Abd-
El-Aziz, A. S. (2025). Advances in
coordination chemistry of Schiff base
complexes: A journey from
nanoarchitectonic design to biomedical
applications.  Topics in  Current
Chemistry, 383(1), 8.

Abdel-Rhman, M. H., El-Asmy, A. A., Ibrahim,
R., & Hosny, N. M. (2023). New Schiff
base ligand and some of its coordination
compounds: synthesis, spectral,
molecular modeling and biological
studies. Journal of Molecular Structure,
1279, 135023.

Aggarwal, V., Dalal, S., Malik, S., Singh, D.,
Sindhu, J., Kumar, S., . . . Kumar, P.

96

ISSN: 2811-2881

(2026). A complete perspective on
lanthanide  coordination = complexes:
Fundamentals, mechanisms and
applications. Coordination Chemistry
Reviews, 562, 217948.

Alimi, L. O., Liu, X., Zhang, G., Moosa, B., &
Khashab, N. M. (2024). Polar organic
cages for efficiently  separating
azeotropic mixtures. Chemical
Communications, 60(77), 10768-10771.

Arauzo, A., Zaltariov, M.-F., Bartolomé, E.,
Fuertes, S., Tigoianu, I.-R., Shova, S., &
Cazacu, M. (2025). Multifunctional Eu
(ii1) and Sm (iii) coordination polymers
built with silane-bridged dicarboxylate
ligand: structure, luminescence and
magnetism.  Jouwrnal of Materials
Chemistry C, 13(35), 18508-18522.

Baral, M., Gupta, A., Akbar, R., & Kanungo, B.
K. (2016). A Novel Tris (2-aminoethyl)
amine Based Tripodal Ligand: Synthesis
and Solution Coordination Studies with
Trivalent Iron and Chromium. Journal of
Applied Chemistry, 2016(1), 3757418.

Binnemans, K. (2015). Interpretation of
europium (III) spectra. Coordination
Chemistry Reviews, 295, 1-45.

Brewer, G. (2020). Structural evidence of spin
state selection and spin crossover
behavior of tripodal schiff base
complexes of tris (2-aminoethyl) amine
and related tripodal amines.
Magnetochemistry, 6(2), 28.

Buch, C. D., Hansen, S. H., Tram, C. M., Mitcov,
D., & Piligkos, S. (2020a).
Functionalized Trigonal Lanthanide
Complexes: A New Family of 4f Single-
Ion Magnets. [Inorganic Chemistry,
59(22), 16328-16340.

Buch, C. D., Mitcov, D., & Piligkos, S. (2020b).
Lanthanide  cryptate = monometallic
coordination complexes. Dalton
Transactions, 49(39), 13557-13565.

Chen, Q.-Y., Luo, Q.-H., Fu, D.-G., & Chen, J.-
T. (2002). A study on the heterodinuclear
cryptates [LnCul (DMF)](CI04) 2-
MeCN (Ln= Gd, Eu, Tb, Dy, Y)—
synthesis, characterization, magnetic and
electrochemical properties. Journal of
the Chemical Society, Dalton
Transactions, 31(14), 2873-2878.



Mala G. A. et al.

Craze, A. R., Huang, X.-D., Etchells, 1., Zheng,
L.-M., Bhadbhade, M. M., Marjo, C. E.,
... Lindoy, L. F. (2017). Synthesis and
characterisation of new  tripodal
lanthanide complexes and investigation
of their optical and magnetic properties.
Dalton Transactions, 46(36), 12177-
12184.

Debuyck, J., Wink, R., Daelman, B., Sijbesma, R.
P., & Du Prez, F. E. (2025). Comparing
Triaminononane and TREN  as
Trifunctional Amine Cross-Linkers in
Covalent Adaptable Networks. ACS
Polymers Au, 5(5), 613-619.

Demaison, J., Margules, L., & Boggs, J. E.
(2003). The equilibrium C—Cl, C-Br, and
C-I bond Ilengths from ab initio
calculations, microwave and infrared
spectroscopies, and empirical
correlations.  Structural ~ Chemistry,
14(2), 159-174.

Falco, A., Neri, M., Melegari, M., Baraldi, L.,

Bonfant, G., Tegoni, M., . . . Marchio, L.

(2022). Semirigid ligands enhance

different coordination behavior of Nd

and Dy relevant to their separation and
recovery in a non-aqueous environment.

Inorganic Chemistry, 61(40), 16110-

16121.

D. J., Smith, A., Zhang, Y., Li, L.,

Shepherd, N. D., Harman, D. G., & Li, F.

(2015). Synthesis and characterisation of

two new tripodal metalloligands

incorporating zinc (II). Journal of

Inclusion Phenomena and Macrocyclic

Chemistry, 82(1), 173-178.

Fernandez-Farifia, S., Kotova, O., Donohoe, S.
R., & Gunnlaugsson, T. (2025). Current
developments and future perspectives on
the formation of luminescent lanthanide
supramolecular self-assembly
architectures with a focus on nitrogen-
based donor ligands. Chemical Society
Reviews, 54(23), 11226-11265.

Ferreira da Rosa, P. P., Miyazaki, S., Sakamoto,
H., Kitagawa, Y., Miyata, K., Akama, T.,
. .. Taketsugu, T. (2021). Coordination
geometrical effect on ligand-to-metal
charge  transfer-dependent  energy
transfer processes of luminescent Eu (II1)

Fanna,

97

ISSN: 2811-2881

complexes. The Journal of Physical
Chemistry A, 125(1), 209-217.

Hasnaoui, A., Khaldoune, K., Ait Lahcen, N.,
Mague, J. T., Fdil, N., Rafya, M., . . . El
Firdoussi, L. (2026). Schiff base
cadmium complexes: Synthesis, crystal
structure, theoretical studies and
antibacterial  activity.  Journal  of
Molecular Structure, 146382.

Kanesato, M., Nagahara, K., Igarashi, K., Sato,
K.-i., Kikkawa, Y., & Goto, M. (2011).
Synthesis, characterization and emission
properties of yttrium (III) and europium
(IIT) complexes of a tripodal heptadentate
Schiff-base ligand N [CH2CH2NCH (2-
OH-3-MeC6H3)] 3. Inorganica Chimica
Acta, 367(1), 225-229.

Kanesato, M., Ngassapa, F. N., & Yokoyama, T.
(2001).  Crystal  Structure of a
Gadolinium (III) Complex of Tripodal
Tris  (((5-chlorosalicylidene) amino)
ethyl) amine. Analytical Sciences,
17(11), 1359-1360.

Keypour, H., Salehzadeh, S., & Parish, R. (2002).
Synthesis of  Two Potentially
Heptadentate ~ (N40O3)  Schiff-base
Ligands Derived from Condensation of
Tris (3-aminopropyl)-amine and
Salicylaldehyde or 4-
Hydroxysalicylaldehyde. Nickel (II) and
Copper (II) Complexes of the Former
Ligand. Molecules, 7(2), 140-144.

Kitagawa, Y., Ueda, J., & Tanabe, S. (2024). A
brief  review of  characteristic
luminescence properties of Eu3+ in
mixed-anion compounds. Dalton
Transactions, 53(19), 8069-8092.

Kuppusamy, S. K., Vasilenko, E., Li, W.,
Hessenauer, J., Ioannou, C., Fuhr, O., . .
. Ruben, M. (2023). Observation of
narrow optical homogeneous linewidth
and long nuclear spin lifetimes in a
prototypical [Eu (trensal)] complex. The
Journal of Physical Chemistry C,
127(22), 10670-10679.

Lai, J., Wang, T., Zhang, H., Ye, L., Yan, C., &
Gu, W. (2019). Modulating the
photoluminescence of europium oxide
nanoparticles by controlling thermal
decomposition conditions. Journal of
Luminescence, 214, 116534.



Mala G. A. et al.

Langyan, R. (2025). Synthesis, characterization,
luminescence study and Judd-Ofelt
analysis of highly luminescent Eu (III)
complexes. Next Materials, 8, 100749.

Lewandowski, E. C., Arban, C. B., Deal, M. P.,
Batchev, A. L., & Allen, M. J. (2024).
Europium (II/IIT) coordination chemistry
toward applications. Chemical
Communications, 60(77), 10655-10671.

Li, Y.-L., Wang, H.-L., Zhu, Z.-H., Wang, Y.-F.,
Liang, F.-P., & Zou, H.-H. (2024).
Aggregation induced emission dynamic
chiral europium (III) complexes with
excellent circularly polarized
luminescence and smart sensors. Nature
Communications, 15(1), 2896.

Lionetti, D., Day, V. W., & Blakemore, J. D.
(2017). Noncovalent immobilization and
surface characterization of lanthanide
complexes on carbon electrodes. Dalton
Transactions, 46(35), 11779-11789.

Lucaccini, E., Baldovi, J. J., Chelazzi, L., Barra,
A.-L., Grepioni, F., Costes, J.-P., &
Sorace, L. (2017). Electronic structure
and magnetic anisotropy in lanthanoid
single-ion magnets with C 3 symmetry:
The Ln (trenovan) series. [norganic
Chemistry, 56(8), 4728-4738.

Malav, R., & Ray, S. (2025). Recent advances in
the synthesis and versatile applications of
transition metal complexes featuring
Schiff base ligands. RSC advances,
15(28), 22889-22914.

Maliha, S. R., Datta, S., Badiganti, J., Rajamoni,
J., Szatkowski, L., & Xu, J. (2025). Study
of halogen substitution effects on the
structural and electronic properties of
overcrowded alkene rotors. New Journal
of Chemistry, 49(47), 20558-20566.

Mandal, S., Seth, D. K., & Gupta, P. (2012).
Encapsulating ruthenium and osmium
with tris (2-aminoethyl) amine based
tripodal ligands. Polyhedron, 31(1), 167-
175.

Martins, D., Santos, D. A., & Macédo, M. A.
(2021). Intra-4f transitions-induced red
emission in ZnO-Eu203 ceramic.
Radiation Physics and Chemistry, 183,
109392.

Molloy, J. K., Fedele, L., Jarjayes, O., Philouze,
C., Imbert, D., & Thomas, F. (2018).

98

ISSN: 2811-2881

Structural and spectroscopic
investigations of redox active seven
coordinate  luminescent  lanthanide
complexes. [norganica Chimica Acta,
483, 609-617.
Popa, A. D., & Madalan, A. M. (2022). Silver (I)
complexes with a luminescent tripodal
Schiff base ligand derived from fluorene-
2-carboxaldehyde. Polyhedron, 220,
115849.
Popa, A. D., Raducda, M., & Madalan, A. M.
(2023). Luminescent La3+, Eu3+ and
Tb3+ mononuclear complexes with a
Schiff base tripodal ligand derived from
9-anthracenecarboxaldehyde.
Polyhedron, 239, 116441.
Quan, B., Peng, G., Chen, F., Ye, L., Yue, Z., Ma,
R., & Zeng, H. (2026). Influence of
aggregation behavior of FEu (iii)
complexes with phosphine oxide
auxiliary ligands on their photophysical
properties. New Journal of Chemistry,
50(26), 11026-11039.
M., Bejoymohandas, K., & Divya, V.
(2022). Luminescent lanthanide
coordination compounds as potential
mitochondria-targeting probes:
Molecular engineering to bioimaging.
Dyes and Pigments, 205, 110528.
Redhu, S., Singh, D., Malik, S., Dalal, A., Kumar,

Reddy,

S., Malik, R. S., . . . Sindhu, J. (2025).
Designing  luminescent Eu  (III)
complexes with heteroligands: A

comprehensive spectroscopic, DFT and

Judd-Ofelt study. Journal of

Luminescence, 286, 121364.

S., Kim, M., & Lee, H. 1. (2021).

Catecholase activities of copper (II)

complexes with N4 ligands. Bulletin of

the Korean Chemical Society, 42(7),

1037-1046.

Sharma, B., Verma, A., Saini, S., & Kumar, U.
(2023). Tris [(3-salicylideneimino) ethyl]
amine an effective ATRP ligand for the
copolymerization of n-butyl acrylate and
1-octene. Journal of Polymer Research,
30(3), 126.

Singh, S., Kanungo, B., & Baral, M. (2024).
Coordination competency of a flexible
polyfunctional tripodal framework: an
insight on solution thermodynamics and

Sarkar,



Mala G. A. et al.

DFT studies. Journal of Inclusion
Phenomena and Macrocyclic Chemistry,
104(5), 219-231.

Sridevi, N., & Madheswari, D. (2025). Synthesis,

characterization, and biological
evaluation of Schiff base ligand and their
metal complexes: implications for

coordination chemistry and biomedical
applications. Polyhedron, 117796.

Teixeira Campos, P., Burchardt Ferreira, L.,
Cunha do Couto, P. H., & Back, D. F.
(2025). Influence of Halogen and Its
Position on Crystal Packing: Proposals
for Molecular-Level Crystallization
Mechanisms of Isomeric Halogenated
Benzoximes. ACS omega, 10(51),
63028-63043.

Thor, W., Neto, A. N. C., Moura Jr, R. T., Wong,
K.-L., & Tanner, P. A. (2024). Europium
(II) coordination chemistry: structure,

spectra and hypersensitivity.
Coordination Chemistry Reviews, 517,
215927.

Tyagi, A., Nigam, S., Sudarsan, V., Majumder,
C., Vatsa, R., & Tyagi, A. (2020). Why
do relative intensities of charge transfer
and intra-4ftransitions of Eu3+ ion invert

99

ISSN: 2811-2881

in yttrium germanate hosts? Unravelling

the  underlying intricacies  from
experimental and theoretical
investigations. Inorganic  Chemistry,

59(17), 12659-12671.

van Dyk, H., Jacobs, F. J. F., Kroon, R. E.,
Makhafola, T. J., & Brink, A. (2023).
Characterisation, structural
investigations and biological activity of
substituted salicylidene-based
compounds. Journal of Molecular
Structure, 1276, 134737.

Vostrikova, K. E. (2023). The Tripodal Ligand’s
4f Complexes: Use in Molecular
Magnetism. Inorganics, 11(7), 307.

Warren, G. L., Andrews, C. W., Capelli, A.-M.,
Clarke, B., LalLonde, J., Lambert, M. H.,

Senger, S. (2006). A critical
assessment of docking programs and
scoring functions. Journal of medicinal
chemistry, 49(20), 5912-5931.

Waziri, 1., Sookai, S., Morerwa, Z. G., Said, M.
A., & Muller, A. J. (2026). Halogen-
tuned tripodal Schiff base ligands:
synthesis, antibacterial activity, and
DFT-guided mechanistic insights. RSC
advances, 16 (37), 40829—40852.



