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Chapter 1

INTRODUCTION

1.1. History and Chemistry of Lanthanides

Lanthanide was discovered by Lieutenant Karl Axel Arrhenius way back in 1787
as an unusual black mineral near Ytterby, Sweden. The mineral was studied by Swedish
chemist Johan Gadolin in 1794 and found it to contain a new element and after the name
of the village, called it as Yttria." The discovery of the rare mineral did not straight away
isolate all the elements; it took a decade to separate them all. One of the problems at that
time was that the scientist did not know that they have been working with a complete
group of metal and so they were classified as ‘rare earth metal’. After discovery of
Lutetium, Henry Mosely discovered that on bombarding the sample of an element with
cathode ray there was fifteen rare earth elements with atomic no. 57 (Lanthanum) to 71
(Lutetium) out of which element with atomic no. 61 (Promethium) was missing. From the
laboratory in Tennessee, during fission of Uranium atoms, Marinsky, Glendenin and
Coryell discovered an isotope of element 61. The element was classified and named as
Promethium in 1947 and with this discovery the Lanthanide series were completed.*”
They are extremely similar to each other in properties and are assembled in a same
substance so the Lanthanides are rare but are not paucity as they are difficult to derive the
elements in its pure form. It was hard to distinguish the element of Lanthanide, but with
the introduction of the spectroscopy in nineteen century each Lanthanide was well defined
by its spectroscopic properties.* The word Lanthanide is from a Greek word “lanthanein”
which means “lying hidden” introduced by Victor Goldschmidt in 1925.% The Lanthanides
are broadly distributed on the earth crust with a concentration of 10-300 ppm. The most
abundant element Cerium is found in a concentration of 60-80 ppm, and then comes the
Neodymium and Lanthanum with half abundance of Cerium. Praseodymium, Samarium,
Gadolinium and Dysprosium with abundance of 5-10 ppm and the other element with less
abundance, the least abundance is Lutetium (> 0.05ppm).°

Lanthanides are found to be present in monazite sand, sediments and coal fly
ash.”® Lanthanides have a similar physico-chemical properties as they occur together in
the earth crust and they are classified as f-block elements as the valence electron of the
elements lies in the 4f orbital. These f-block are called the inner transition elements as

they lie much deeper than that of the d-orbitals.”'® Bohr stated that the Lanthanides have a
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ground state configuration [Xe]4f" 5d' 6s? (where n=0-14) and have a changeable
oxidation state i.e. +2, +3 and +4 oxidation states and among them the most stable one is
+3 oxidation state because the inner shell of the 4f sub-shell is a part of the inner Xenon
core. Lanthanides are a group of 15 elements that are located between Barium and

Hafnium as one series in the 6™ row of the periodic table."!

1.2. Lanthanide Contraction and Coordination Number

On moving from the left to right in the periodic table with the increase in the atomic
number of the element i.e. from La™ to Lu™ there is a steady decrease in the covalent and
ionic radii, this phenomenon is known as the Lanthanide contraction. The contraction in
the Lanthanides occurs as the extra orbital electron in the nuclear charge which is
incompletely shielded by the 4f-eclectron resulting in the smaller atomic radii as the
electron 6s are pulled towards the nucleus.'*"

The atomic radii of La™ is 1.061 A, where as the Lu® has 0.850 A. The radii of
these rare earth ions are about the same size because of the Lanthanide contraction.'* Due
to these interesting features of Lanthanides, the elements present resemble each other and
so it is difficult to isolate them individually."> The contraction does not only affect the
Lanthanides but also the elements beyond. According to Fajan's rule, decrease in size increase
the covalent character and decreases the basicity of the Lanthanides. As the size of the ionic
radii decrease it has the tendency to form more stable complexes and there is a small
increase in electronegativity of the trivalent ions.'® Similar structures are shown when any
compounds of the rare earth are crystallized but the crystal dense towards the series as the
lattice parameters decrease. Due to contraction across the Lanthanide series, the
parameters determining the properties of the Lanthanide can be kept constant, while small
increment can be varied in the lattice spacing, which has attracted the attention of
scientists for research.'’

In 1960s, the coordination number (CN) of Lanthanides was found to be much
higher than 6 and how the complex with lower coordination number such as 2, 3 and 4 are
possible for the research to synthesize.'® The coordination number of a complex can be
affected by different factors such as relative size of the metal, charge which depends on
the electronic configuration of the metal and the ligand." Aqueous solution of Lanthanides
have a coordination number 9 and 8 which can be elevate to 12 on inclusion of ligand.” In

most of the Lanthanide complexes, coordination number were found to be between 2 to
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12, out of which the 8 coordination number is the most common one. Lanthanide
coordination number shows two distinguishable features than that of the other transition

metals:

1.2.1. Large Coordination Numbers

Lanthanides mostly show 8 or 9 coordination number while that of other transition
metals show 4 or 6 coordination number. One of the factors that affect the large
coordination number is the large ionic radii of Lanthanides. For example Iron and Copper

shows 55 and 54 A respectively while that of the Lanthanides shows around 80-110 A.

1.2.2. Variable Coordination Numbers

Comparing with the transition metals, crystal field stabilization energy of
Lanthanides shows much smaller stabilization energy, therefore, the bonding of lanthanide
are not directional and so the coordination number varies from 2 to 12.*!

The Lanthanide contraction phenomena shows that, with the increase in the atomic
number (Z) decreases the ionic radii, it can be excepted that around the central metal ion
less anion will be present and so the coordination will be lesser with increase Z value. The
halides and the oxides shows this behavior, as for example the LaCl; shows 9 coordination
number while that of LuCls shows 8 coordination number. Similar changes can be
observed in many complexes of transition metals. The hydrated Ln*" ions of the earlier
lanthanide series (Ln=La-Gd) shows nine-coordinate [Ln(OH,)s]>" ions while those in the
later (Ln=Tb-Lu) shows eight-coordinate [Ln(OH,)s]*" ions with an aggregate of
intermediate metal. Sometimes the coordination numbers are also found to be constant

throughout the series.*

1.3. Magnetic and Spectroscopic Properties of Lanthanides

Lanthanides have fascinating electromagnetic and light properties as Ln’" ions have
unpaired electrons in the f-orbital. The ground state and the excitation state of the
Lanthanides are well separated from each other that it is thermally out of reach, so the
magnetic properties are determined with ground state. From the coupling of spin and
orbital angular momentum the magnetic moments of Ln’" can be well described.”
Consequences of the spin-spin, spin-orbital and orbital-orbital interactions gives the

magnetic compartment of the transition metals or the Lanthanides.** All the Lanthanides
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elements except for Lu’" shows paramagnetic at higher temperature while at lower the
temperature they shows anti-ferromagnetism and on lowering temperature they may show
ferromagnetism.25

Lanthanide ions have a noticeable colour both in solid and aqueous state due to f-f
transitions as they have partly filled f-orbitals. Almost all the ions show absorption near
UV region of the spectrum or in the visible region except for Lu®" which have a full f-
shell.*

In 1866, Busen observed a sharp absorption line of a rare compound which was
further analyzed by J. Becquerel in 1906. But the genesis of the spectra remained
unrevealed until in 1930s when Karamers and Becquerel and Bethe put forward that all the
provenance were due to the electronic structure of the 4f-configuration (f-f transition).?’
The studies continues and in the early 1940, the first spectroscopic studies of the
Lanthanide ion in aqueous solution were observed using purified Eu*" and with the change
in the solvent and the concentration there is a difference in the absorption spectrum of the
element and when excited with ultraviolet light they were found to have a high
luminescent properties. Organic ligand having a light-harvesting chromophore with
suitable photophysical properties when coupled with Lanthanides, the Ln®" has the ability
to produce luminescence by photosensitization. Lanthanides possess excellent
photophysical properties as they have a distinctive colour, which has attractive Ln>" ions
to be used in imaging, colour reproduction and 1ighting.28’29

Lanthanide ions have two transition states which affect the electronic spectra; they
are the allowed and forbidden transition. Allowed transitions are the f-d transition which
exhibits a strong broad band and intense band. Lanthanides involved a large energy level
and they differ with the change in the ligand, while the forbidden transitions are the f — f
transition with sharp and narrow spectral bands. For example taking the characteristic of
Eu’ in UV, they give a spin and electric-dipole transition which do not show a splitting
and so the selection rule (Laporte, spin and selection rule for orbital angular momentum)
are relaxed.”” The internal 4f-transition in the spectral region of the Lanthanides and the
sensitivity of this transition towards coordination to the ligand makes it an interesting
property to investigate the coordination chemistry of Lanthanides in aqueous, semi
aqueous and non-aqueous solution. Many applications of the Lanthanides have been
discovered for the last few decades and it’s found that most of the applications are

concerned with the spectral properties of Lanthanides. Progress in the theory and practice
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of Lanthanide absorption spectroscopy come across some of the difficulties which can be
corrected using the optical spectroscopy. One of the characteristic properties of
Lanthanide is the week narrow absorption in Ultra-violet and Infra-Red region of the

spectrum.3 !

1.4. Synthesis and Importance of Lanthanide Complexes

The chemistry of the Lanthanides has been achieving much progress in different
studies and researches. They have the achievements in the field in of coordination
chemistry,* inorganic chemistry,> application in industries and agriculture,** medical and
biological application,” magnetic resonance imaging agent (MRI),***” bio-imaging,™
lighting devices,” lasers,*” telecommunications*' and the application of the Lanthanides
are also remarkably increasing as an excellent diagnostics and prognostic probe in
biological and clinical aspects.** Lanthanides are also found to have excellent physical and
chemical properties because its electronic configuration is special.*

For the last 20 years, the Lanthanide complexes in the organic solution and aqueous
solution are attracting much interest as their ground state and excited state have many
activities.* Lanthanides are mostly ionic salts and are hard acceptors. Lanthanide ions
form stable complexes with oxygen and nitrogen donor ligands and form 9 or 8
coordinations. When Lanthanide complexes synthesized with monodented ligand they
formed weak complexes but when they are synthesized with chelated ligands, result in
stronger complexes because of the chelate effect.** Lanthanide ions possess smaller atomic
radii with high positive charge, satisfying the optimum condition for resulting in a higher

347 50 they are used for the formation of coordination compounds

coordination number,
and supramolecular system like the helicate, grids, interlock and bundle molecule which
cannot be attained applying frequently used templating ions (ligand-based reactions on the
coordination site of the metal) and so utilizing of the Lanthanide ions result in distinctive
and stable complexes with functional and flexible structure.”® Lanthanide complexes in
solution manifest many properties and the complexes usually exhibits a narrow emission
band, large Stroke’s shifts, long excited lifetime and emit in the red and green region.
Although the excitation of the Lanthanide ions itself have a weak luminescence signal due
the fact that the absorption band within the 4f-electrons are forbidden.**°

The formation of Lanthanide complexes with oxygen, sulfur and nitrogen donor

atoms as ligands can be a good factor as the Lanthanide ions favor to coordinate to this site
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of the ligand due to its high charge density, Lewis acids and are reactive metals. As the
ligands acts as transmitter for the complexation, they are used for the transportation of
energy in order to attain systematic excitation state.”’>* Lanthanide ions have a similar
characteristic with that of the other elements such as calcium and magnesium, so they have
the ability to replace them with Ln®" ions and can be utilized as probe in place of Ca and
Mg metals for the investigation of the structural functions of bimolecular reactions.”>”’

In 1999, P. R. Maravalli et al. synthesized a series of Lanthanide(IIl) complexes
using 3-N-methyl piperidion-4-salicylidene amino- 5- mercapto- 1, 2, 4-trazole ligand
with Ln (IIT) nitrate; where Ln = La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, ER, Yb and Y by direct
reaction method (Figure 1.1). The complexes prepared were characterized by different
methods and suggested the structure of the complexes. The spectral studies show that the
coordination bonding between the metal and the ligand is a bidentate one and proposed the

complexes to have coordination number six.”®

C —Hzc—( )—SH

=)

E\I nH,0
| Hs~( 7*CH2 Q

Ln=La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Er, Yb, Y; n:1-3_

Figure 1.1. Proposed Structures of the Complexes.

In 2001, I. P. Kostova et al. reported the synthesized Lanthanide(Ill) complexes with
4-methyl-7-hydrocoumarin ligand and studied their thermal analysis and the various
spectral properties using different spectroscopic methods. The synthesized complexes
were identified and characterized by elemental analysis, IR, NMR, conductivity, Mass
spectroscopy, DTA and TGA.” Irena Kostova and group in 2005 synthesized some of the
Lanthanide complexes and disclosed its antineoplastic activity and its cytotoxic effect. The
complexes were found to have metal-ligand coordination through hydroxyl group.®*'

As Lanthanide(Ill) complexes were used as a detector of natural sugar and as a

cancer biomarker at a certain pH, O. Alpturk and co-workers in 2006 designed complexes
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of Lanthanide which shows a successful detection of natural sugar and exhibits enhanced
fluorescence emission.”

B. S. Kumari et al. (2009) synthesized a series of Lanthanide(III) chloride
complexes with heterocyclic Schiff base (2-(N-salicylideneamino)-3-carboxyethly-4,5-
dimethylthiophene) base under microwave irradiation in solid state (Figure 1.2). The
spectral studies showed that the metals were coordinated at the ONO donor site of the
ligand acting as a neutral tridentate and studies shown from the X-ray diffraction of the
lanthanide (IIT) complexes results in orthorhombic. The synthesized complexes were also

reported to be a promising antimicrobial agents.®

e HCO
H,C / J Cly
NI
/N\.' Ln/N S CH;
Gt
OH 0 CH
3
cl I
HsC,0

Ln = La(III), Ce(I1I), Pr(I1I), Nd(I1I), Sm(IIT), Eu(III),Gd(III)

Figure 1.2. Structure of the Lanthanide(IIT) Complexes.

In 2009, T. Moaienla and co-workers studied the comparative absorption spectra of
Lanthanide with L-phenylalanine, L-glycine, L-alanine, and L-apartic in the presence and
absence of Ca®” in organic solvents. The investigation shows that 4f-4f transition
Lanthanides can be utilized to study the binding nature of biologically important ligands.
From the different studies and evaluated parameters (Slator-Condon F, Racah EX, spin-
orbit coupling constant &4, Nephelauxetic B, oscillator strength and Judd-Ofelt T)) it is
found that the absorption spectra of Lanthanide complexes in DMF solvent was the most
favorable one among the organic solvents used.®*

N. V.S. Rao and co-workers (2010) synthesized new Lanthanide complexes, Tb(IIl),
Dy(Ill), and Gd(III) of N-aryl base showing mesomorphism (Scheme 1.1); all the
synthesized complexes were characterized and it is observed that electronic properties are
dominated by the donor-acceptor of the organic chromophore ligand and the emission

maxima shows a ligand-driven strong fluorescence with large Stokes shift. The nature of
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the interaction (Vander Waals interaction, electrostatic interaction) between the
coordinated ligand and the Lanthanide ions leads to an increase transition temperature and

thermal stability.65

OCyoHay OCyoHy, OCoHy,
OH 0CoH,, @
O
' @) 1Y)
i " ! iii ANH
11 X .H N
©\Oﬂ—> _— > N X 1 Tb/ 74
0 N AN
CHO I!I
HC
X
(@)

Ci4Hyg OCyoH,, .1
C14qu -144129

1.CyoH,Br, KHCO;3, KI, dry acetone, reflux, 40h
ii. Tetradecylaniline, glacial AcOH, absolute EtOH, reflux, 4h
iii. Tb(NOs)3; Acetonitrile/ EtOH, reflux, 4h

Scheme 1.1. Synthesis of Lanthanide(III) complexes.

M. R. Anoop et al. (2011), reported the synthesis, thermal and spectral study of
1,2-diphenyl-4-butyl-3,5-pyrazolidione(phenylbutazone) Lanthanide(IIl) complexes which
were characterized by elemental analysis, IR, molar conductance, Uv-Vis and NMR
spectra. In their study the spectra show that the phenylbutazones act as a bidentate and
mono-ionic ligand coordinating at the carbonyl oxygen of the ligand ring. TGA analysis
showed the thermal stability of the complex and the kinetic and thermodynamic
parameters were also evaluated for the dehydration and decomposition state of the
complexes. From the different spectral characterizations analysis data they have given the

possible structure of the complexes which is shown in Figure 1.3.%°

(D
AN
\

5 H0 2 H,0

M=La’", Ce**

Figure 1.3. Possible Structures of Lanthanide(IIT) Complexes.
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V. C. Devi and R. N. Singh studied on the change in coordination of Pr(II) and
uracil in different organic solvents and observed the absorption bands. The energy
interaction and energy dipole intensity parameter were calculated using 4f-4f transition
spectra as a probe. From the study, it was reported that minor change in the coordination
of the Pr(Ill) complexes were affected by different coordination site depending on the
nature of the bonding between the metal and the ligand and the organic solvents used in
2011.%7 Using furan-2-carboxylic acid as a ligand, R. Gupta and his group synthesized a
biologically active La(IIl), Sm(IIl), Gd(IIT) and Dy(IIl) complexes and their spectral were
characterized and reported in 2012. The synthesized complexes were found to have more
promising activity then that of the ligand itself.®®

A. Hussain et al. (2012) synthesized Lanthanide(II) complexes (Figure 1.4) with 4-
phenyl-2,2,6,2-terpyridine, curcumin and diglucosylcurcumin and studied their DNA
photocleavage and photocytotoxicity activity. The coordination between the ligands and
the Ln*" ions increase the hydrolytic stability and photocytotoxicity of the ligands. This
study made a way for the Lanthanide(III) complexes to the field of photochemotherapeutic
applications as the synthesized complexes were found to be suitable for
photochemotherapeutic applications as it doesn’t show any hydrolytic DNA cleavage

activity and it also show photocytotoxicity in HeLa cancer cells.®’

Ln=La(I1I), Gd(IIT)

Figure 1.4. Schematic Structures of Lanthanide Complexes.
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X. Hu et al. (2013) successfully synthesized series of Lanthanide amidate
complexes by direct protonolysis and studied its structural diversity. The characterization
data show that the complexes possessed abundant and different structures with varying
coordination mode. Coordinations at the carbonyl oxygen site of the ligand both in the
anionic and neutral with rare earth metal complexes, high molecular weight and low
distributions of molecular weight of heterotatic-rich polymers and the ability for the ring-
opening polymerization of rac-lactide using lanthanide amidate complexes as a catalyst
were also reported in this study.”” Again in 2014, L. Zhao et al. by simple silylamine
elimination prepared two novel amidate rare-earth metal amide of Ln[SiMes),]; and
proligand N-(2,6-diisoprophylphenyl) benzamide (Scheme 1.2), both the complexes were
reported to have two chelating amidate; coordinated terahydrofuran and amino group
molecule. Complexes were also found to have an excellent catalyatic activity for

aldehydes and a moderate activity for inactivated ketones.”"

Me;$i),N N
’ + Ln[N(SiMe3),] L(>e3 - S >_©
Y25 60°C, 15h QOX o 5

N-(2,6-diisopropylphenyl)benzamide Ln=Yb,Y

TZ

Scheme 1.2. Synthesis of Earth Metal Complexes.

S. M. A. Barody and H. Ahmad, (2015) synthesized four Ln (III) complexes [where
Ln=La(III), Ce(IIl), Sm(IIl) and Gd(IIT)]. The ligand used was a new mesogen Schiff base
name N-N-di-(pentyloxybenzoate) salicylidene-1,3-diamino propane which was prepared
by 1:2 reaction of 4-pentyloxy(4-forml-3-hydroxy)-benzoate and 1,3-diaminopropane.
The complexes are characterized by FT-IR, elemental analysis, NMR, Mass, magnetic
susceptibility and molar conductivity. Investigation of the data collected shows that two of
the ligand is bonding to the metal in stereochemistry: one deprotonated phenolic oxygen
and the other bidentate through phenolic oxygen (Figure 1.5). From the studies of thermal
stability TGA/DSC curve of the complexes, it was found to be very stable thermally.72
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Ln = La (III), Ce (III), Sm (III) and Gd (I1I)

Figure 1.5. Suggested Molecular Structure of the Lanthanide Complexes.

R. Su et al. (2016), reported a Lanthanide polymer nanostructure by template-
free solvothermal methods using DMF as a solvent and ligand 2-methyl benzoic acid. The
outcome of the reaction was characterized by elemental analysis, powder X-ray
diffraction, scanning electron microscopy and downward luminescence which give a
characteristic transitions.”” Berezhnytska et al. (2017), synthesized a series of
polycomplexes of Neodymium(III) nitrate with 2-methyl-5-phenylpenten-1-3,5-dione and
allyl-3-oxo-butanoate. The nature and the structure of the coordination were found to be
dependent on the ligand and they remain constant on polymerization which was important
for the investigation of the coordination and the structure of the polyhydra.74 C. Lian et al.
(2017), reported a synthesized and characterized novel coordinated polymer of Ln(III)
(Ln=Pr(III), GA(IIT) and Yb(III)) and 1,1-(2,4,6-trimethylbenzene- 1,3,5-triyl(methylene))-
tris (pyridine-4-carboxylic acid) and N,N-dimethylacetamide as ligand. Examining the
polymer, they are found to be iso-morphous and iso-structural exhibiting the cavate 14-
membered cages which gives infinite 1D metallic chain through two COO™ groups that
later interlinks to polymerize into 3D porous scaffold. The study also shows that they can
be used as a luminescent probe toward Pd*"ions.”

Single-crystal to single-crystal phase transition phase of a newly anion
Lanthanide(IIT) complexes were synthesized (Figure 1.6), characterized and reported by 1.
Olyshevets et al. (2018) using dimethyl[(4-methylphenyl)sulfonyl] amido phosphate as a
ligand. The study leads to a highly thermal stability, red luminescence dominated by °Dy -
’F, transition and a longer emission decay period which support the complexes for further

application in light-emitting diode.”
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Figure 1.6. Schematic Representations of Lanthanide(III) Complexes.

M. P. C. Campello et al. (2019), reported a series of Lanthanide (III) complexes
which were stabilized by mixed ligand of three B-diketonate units and a phenanthroline
derivative (Figure 1.7). Using DMSO and PBS as a solvent UV-Vis and florescent spectra
were recorded exhibiting an absorption and emission bands at 350 nm and 520 nm
respectively. The complexes show a similar cytotoxic activity towards ovarian cancer cells
and the effect of the complexes particularly the Eu (III) complex in the mitochondria and
lysosome which were determined through the Transition Electron Microscopy (TEM).
These studies pointed out the potentiality of the complexes as an anticancer agent which

could challenge for future investigations.”’

R=H,NH,
Ln=Sm, Eu, Tb

Figure 1.7. Molecular Structures of the Complexes.
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Lanthanide complexes are making a remarkable way into synthetic clay as they
exhibit a charismatic trait. Y. Wang et al. (2019), outline the development of the
luminescent organic — inorganic material using Lanthanide complexes as the host. The
study provides excellent aqueous solubility, hydrogel with self sustaining, and thin,
flexible and independent films of the hybrid material. The luminescent properties of the
Lanthanide complexes retained even on the impact of the clay and so, it boosted the
luminescence of the hybrid material which were used for the chemical molecule and the
sensing of metal ions luminescent. In view of the different trait that the hybrid exhibit, its
novel material were reported to be auspicious in the field of biology, therapeutic, security
and solar cells.”®

In 2020, R. Li et al. reported the synthesis of Lanthanide(III) complexes as a suitor
for the photoluminescence device and a photo-magnetic functional using Ln(III), Sm(III),
Dy(Ill) and 2,2'-bipyridine-6,6'-dicarboxylic acid. Their magnetic properties, florescent
properties and crystallography of the compounds were examined; showing a long lasting
luminescent, excellent quantum capability and a strong f-f transition. Dy(IlI) complex
shows a single magnetic manner and were moderate in magnetization, which can be

served as the photo-magnetic activity.”

A unique potential biological agents of
Lanthanide(III) complexes were synthesized through reaction between two biologically
active molecules 2-carbaldehyde thiophene and salicylic acid hydrazide, and
Sm(NOs3);.6H,0, Eu(NO;);.6H,0, Dy(NO3);.6H,0, and LaCl;.6H,O which were set-forth
by R. Fouad in 2020. On exploring the complexes, it was disclosed that the coordination
was at the OONS site of the donor ligand (Figure 1.8) and characterization were done
through different methods such as the FT-IR, Mass, H' NMR, molar conductance and
elemental analysis for further studies. The complexes were also reported to exhibit

promising anti-tumor, anti-microbial, anti-oxidant agent and anti-microbial agent against

bacteria which are more convincing than that of the reference drug.*
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Figure 1.8. Structure of Lanthanide Metal Complexes.

T.D. Nguyen and group in 2020 synthesized a highly-purified f-element nitrate
using Lanthanides as there is a struggle to obtain it in a pure form which mostly preferred
sophisticated apparatus with high temperature. Using an aqueous reaction, the lanthanide
complexes were prepared by combining Lanthanide salts (Lanthanum, Cerium,
Praseodymium, Neodymium and Europium) and a ligand which holds high nitrogen (5,5'-
bis(tetrazolato)amine monohydrate). Nano-structural lanthanide nitrate, formed were
obtained on dehydration of the synthesized complexes as under an inert environment, they
have the ability to go through self-extension burning reaction. The study shows that the
Ln’" ions possessed a very low reduction potential and so they have the courtesy to react
with the nitrogen to give Ln(IIl) nitrate rather than Lanthanide itself. This new way of
producing an authentic Lanthanides/Actinides nitrate may provide a way into the
application in nuclear fuels in the coming days.*!

L. Zeybel and D. A. Kose in the beginning of 2021 reported a hydrothermal
synthesis of Lanthanide cations (Eu, Tb, Ho, Er, Yb) with acesulfame-K (Scheme 1.3).
The synthesized complexes were analyzed and characterized through Mass, NMR, IR,
Solid state UV-Vis and elemental analysis. On examining the TGA curve shows that the
hydrated water coordinates outside the coordination sphere. The coordination of the

complexes were found to be six coordinates.*?
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Scheme 1.3. Synthesis of Acesulfame Lanthanide Metal Complexes.

Lanthanide complexes have drawn the interest of many researchers to synthesize,
characterize and investigate its applications, and with it L. Zhu et al. (2021) reported a
satisfactory coordination for stabilizing Lanthanide monochloride and monoborohydrate
using p-diketiminato as the ligand (Scheme 1.4). On the investigation of the ring opening
polymerization in lactide, Lanthanide monoborohydrate were found to have an efficient
capability for L-lactide and rac-lactide to give the o,w-telechelic polylactide diols with

high molecule weight and moderate molecular weight distribution.*

SIS w  SAE
@/\Q NaBi, / THE @/\Q

Lanthanide monoborohydrate

Lanthanide monochloride

Ln=Yb, Sm, Nd, La, THF =Tetrahydrofuran, NaBH,=Sodium borohydride and ‘Bu= tert- butyl group

Scheme 1.4. Synthesis of Lanthanide Monoborohydrate from Lanthanide Monochloride

Complexes.

Lanthanide complexes have many other implementations in different fields.
Complexes of Lanthanides have made its way into the field of nano science and
technology as the complexes can decompose to oxide molecule of nano size.** Lanthanide
complexes were also found to have DNA cleaving ability and with increase in time the
potentiality of the complexes also increases due to the change in the DNA strain on the
insertion of the complex into the DNA.**® The complexes of Lanthanides were found to
have capability to act as antibacterial agents to fight pathogenic strains that causes urinary

tract infections.®” Currently hydrolysis is securing a lot of interest in biotechnology and as
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the lanthanide ions have been discovered to obtain phosphodiesterolytic activity with
increasing pH, they made a way into biotechnology province.*®® As Lanthanides hold a
long lifetime period of emission, they applied as luminescent biolabeling. They can be

found in the market as Lanthanide label kit which can be utilized for the labeling.89

1.5. Chemical Kinetics

Chemical Kinetics can be defined as the study of chemical rate of a reaction. It is
also known as the reaction kinetics and it complement with thermodynamic which have to
do with the overall change in the reaction i.e. from initial state to final state for a synthesis
but it does not concern with the reaction rate directly as the rate is examined by chemical
kinetics. Comprehension of the process of the reaction is must in chemistry, so the
chemical kinetics was added in the syllabus of the chemistry discipline with different
features respective to the course of study and the level of education. To develop reaction
mechanism kinetics is adapted such as in organic synthesis, chemical engineering,
chemical mechanism, analytical, stability of commercial products as of pharmaceutical
drugs. Further, they are applied for the rate theories for the evaluation of equilibrium,
solvent properties, and analysis of solution depending on the rate of the reaction.’’

With the change in temperature, concentration and amount of catalyst added, the
rate of reaction change; this is due to the fact that on increasing temperature it increases
the collision resulting in increase of the numbers of molecule intersecting the threshold
energy. In order to complete a reaction a molecule need to have a certain amount of energy
to break a bond and coordinate with other molecule to develop the required compound.
That certain amount of energy required to start the chemical reaction is known as the

Activation Energy (Ea) which varies with different type of reactions.’>”
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Figure 1.9. Schematic Representations of Activation Energy for a Reaction.

1.6. Scope and Aim of the study

Over the past few decades, Lanthanide complexes have gained a lot of attention in
various researches due to its implementation in Inorganic chemistry, Organometallic,
Industries, Agriculture, Biotechnology, Biomolecular, Lighting Device, Imaging, Labeling
and nano-sciences. Currently one of the most needed magnetic and luminescent materials
for LEDs, Bio-medical, NMR shift reagent, MRI contrast agent, telecommunication and
lasers need to be synthesize with Lanthanide ions which has a unique magnetic and
photophysical properties that could offer a charm and attraction to many researcher’s
interest. Lanthanide ions are known to be one of the best non-enzymatic agents for DNA
and RNA hydrolysis; they can also interact with peroxide and free radical without forming
into radicals.

Because of the vast applications and importance of Lanthanide complexes our
interest is to synthesize a series of Lanthanide complexes using Praseodymium,
Neodymium, Europium and Gadolinium with different biologically active organic ligands
and the spectral characterization were done through IR, UV-vis, Florescence and CHN-
analysis for conformations of the complexation and coordination of the metal and ligand.
Chemical kinetics and thermodynamic parameters were also evaluated to provide the

details of the reaction mechanism.
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Chapter 2

Microwave-assisted Fast and Efficient Green Synthesis of Curcumin
Lanthanide (Pr’*, Nd**, Eu’" and Gd*") Complexes and Investigation of
their Spectroscopic and Kinetic Studies

Abstract

In the present study, we report the Microwave-assisted green synthesis of curcumin
lanthanide complexes from curcumin ligand (L") and lanthanide chlorides (LnCls-xH,0;
where; Ln=Pr’", Nd**, Eu’" and Gd*") in presence of triethylamine (Et;N) in ethanol at 180
°C for 5 min and investigated their spectroscopic and chemical dynamic studies. The
spectroscopic and physico-chemical properties of the curcumin ligand (L') and its
lanthanide(IIT) complexes [L'sPrCls] (2.1a), [L'sNdCl3] (2.1b), [L'5EuCls-6H,0] (2.1c¢),
[L'3GdCl3-6H,0] (2.1d) were studied by various means IR, UV-Vis, Fluorescence, TGA-
DTA and elemental analysis. The IR-spectra of curcumin lanthanide complexes;
L13LnC13-tzO (2.1a-d) were well interpreted based on the comparison of free curcumin
ligand (L") spectrum which predicts the formation of complexes (2.1a-d). The fluorescence
spectral studies of the curcumin lanthanide complexes demonstrate that there is a

quenching in fluorescence spectra with respect to the free curcumin ligand.

2.1. Introduction

Curcumin is one of the promising agent for the treatment of many diseases which
was first isolated in 1815 by Vogel and Pelletier' from the rhizome of turmeric herb
Curcuma longa and its medicinal properties are known for thousands of years, where it is
traditionally used as antiseptic, anti-inflammatory, for the relief of gastrointestinal
discomfort, analgesic and in cosmetics in India and China.> For the last decade,
scientifically, curcumin has been investigated for its remarkable therapeutic potentiality
against cardiovascular, nervous systems, obesity and diabetes.’ Curcumin is well
recognized as photosensitizer showing significant anti-cancer activity.*> Unfortunately, its
applications in clinical trials hindered due to its poor bioavailability.® Henceforth, there are
many strategies to overcome these poor solubility and higher stability factor and recently
curcumin and its derivatives were used as ligands with most of the transition metals for the
synthesis of curcumin metal complexes and reported their numerous spectroscopic and
medicinal properties.” Apart from transition metals, curcumin with alkali metals such as
Na, Be, Mg, Ca and Ba complexes were described and among the other main group

elements, curcumin boron complexes have been most comprehensively investigated.®
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Notably, very few reports were found on curcumin lanthanide complexes (Ln=La,
Y, Lu, Gd, Eu) with different synthetic methods and some curcumin complexes were
described with the spectator ligands which brings together in the coordination sphere for
the formation of stable curcumin lanthanide complexes due to large ionic radii, steric
saturation of lanthanide ions and also the Ln’generally prefer high coordination numbers
such as 8 or 9.” With regard to its importance and applications some of the current survey
on curcumin metal complexes are thrashed out below.

With the innumerable studies and incept of curcumin and its metal complexes, an
innovative synthesis of a soluble and crystallizable substituted curcumin metal complexes
were foreground by S. Waniner in 2015 (Figure 2.1). These substituted curcumin metal
complexes were found to have binate character and as an MRI agent they have the ability
to detect the tumour but cannot vandalized the tumour. In this study curcumin metal
complexes were also reported to have anti-oxidant properties and can be used as a drug
transporter. On reviewing the applications and importance pointed by different researcher,

. . . . . 10
curcumin complexes were speculated to be a “multi-anti” agent in the time to come.

_ — 2-
OCH, OCH;

H;COCO O CH O OCOCH;
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Figure 2.1. Structure of the Substituted Metal complexes.

B. Dinesh and R. Saraswathi in 2017 synthesized a nano-structured cupper curcumin
complex by electrochemical methods. The complexes in the aqueous solution shows a
potential electrochemical determination of 4-nitrophen due to its anti-interference ability
which can be utilized as an electrode sensor in various industrial applications with high

durable ability, inexpensive and effortless preparation.'’ N. Bicer ef al. (2018) synthesized
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curcumin complexes with Iron(Ill) and Manganese(Il) and were characterized showing an
octahedral geometry and two H,O molecules coordinating to the central metal (Figure
2.2). The complexes were reported to reduce the built-up of Beta Amyloid protein which

root Alzheimer and Dementia.'?

_HO ‘ ‘ OH_ _HO ‘ O OH_
\OO/ \OWO/
O O
\ / O\ 0
H,0—Fe—OH, cl H,0—Mn—OFH, 3H,0
/ \
0 lO O O
| HO OH| | HO OH |

Figure 2.2. Structures of Curcumin Fe(Ill) and Mn(II) Complexes.

Chemistry of lanthanide(Ill) and how they are capable of affecting photo-
cytotoxicity of the photo-active curcumin based ligand were discussed in 2020 by D.
Musib and co-workers. Curcumin based lanthanum (III) complexes (Figure 2.3) were
synthesized, characterized and on examining the complexes, in visible light, the complex
containing the curcumin base ligand were found to have photo-cytotoxicity activity against

HELA (Cervical Cancer) and MCF-7 (Breast Cancer) cell line."

Figure 2.3. Schematic Structure of Curcumin based Lanthanum(III) Complexes.

In the last few years, curcumin is getting a lot of attention traditionally and

scientifically due to its multi characteristic and benefits. Nevertheless, they have some
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shortcoming due to its hydrophobia, water insolubility, fast reaction and feeble
bioavailability. To overcome these drawbacks of curcumin, curcumin metal complexes
were created. S. Prasad et al. (2021) elaborated on how the curcumin metal complexes and
its applications in chemo preventive, therapeutic and pharmacologically became one of the
most necessities. Further discussion was done on curcumin metal complexes biological
activities and its importance in the radio imaging and also predicted for better treatment
and prevention of chronic diseases.'*

The potential applications of curcumin and its metal complexes prompted us to
develop the synthesis of curcumin lanthanide complexes. Therefore, the aim of the present
work is to describe the Microwave-assisted fast and efficient green synthesis of curcumin
lanthanide complexes (2.1a-b) and investigate their spectroscopic, physico-chemical and

kinetic studies.

2.2. Experimental
2.2.1. Materials and Methods

All the reagents and solvents were purchased from commercially available sources
and used without further purification. Melting points were recorded in open capillaries
using IKON melting point apparatus and are uncorrected. FT-IR spectra of the curcumin
ligand and its lanthanide complexes were recorded on Perkin-Elmer spectrophotometer
(Spectrum-Two) using KBr disk and values are expressed in cm™. Micro analytical (CHN)
data were obtained with a FLASH EA 1112 Series CHNS analyzer. UV-visible
spectrophotometer (Double Beam) Perkin Elmer, Lambda-35 is used for recording the
absorption bands of the curcumin ligand and its lanthanide complexes. All fluorescence
emission spectra of curcumin ligand and its lanthanide complexes were recorded using
fluorescence spectrophotometer Shimadzu RF- 6000 which is followed by the evaluation
of their quantum yields. pH values of the reactions were recorded using EUTECH
instrument pH 700. The TGA-DTA measurements of curcumin ligand and its lanthanide
complexes were performed on a Perkin-Elmer analyzer with the temperature range of 25 —
900°C.
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2.2.2. General Microwave-assisted Green Synthesis of Curcumin Lanthanide
Complexes [L13LnCl3-xH20] (2.1a-d)

Curcumin ligand (LY (0.368 g, 1 mmol) and Ln(II)Cl3-xH,O (where; Ln=Pr’",
Nd**, Eu*" and Gd®") (0.33 mmol) were mixed in a microwave reaction vial in which it was
added catalytic amount of trimethylamine (Et;N) in ethanol (2 mL). The reaction mixture
was mixed thoroughly with glass rod and was irradiated in a microwave reactor under 180
°C for 5 minutes. After completion of the reaction, the solid compound obtain was washed
with hexane for several times and collected through filtration. The yielded solid of
curcumin lanthanide complexes; [L;PrCl;] (2.1a), [L3NdCl;] (2.1b), [L3;EuCl;-6H,0]
(2.1d), [L3GdCl;-6H,0] (2.1d) were allowed to get air dried.

O 0

A = Et;N / EtOH
O O +  Ln(III)Cl3.xH,0 N ;
HO OH 180°C / 5 min

(0N O
Curcumin (L") Ln=Pr**, Nd**, Ev**, Gd*"

AXHzo

Curcumin Lanthanide (III) Complexes (2.1a-d)

Scheme 2.1. Microwave-assisted Synthesis of the Curcumin Lanthanide Complexes
(2.1a-d).

2.3. Results and Discussion

Herein, we report the microwave-assisted fast and efficient green synthesis of
curcumin chelated lanthanide complexes (2.1a-d). The Curcumin lanthanide metal
complexes were synthesized from curcumin (1,7-bis(4-hydroxyl-3-methoxypheny)-1,6-
heptadiene-3,5-dione) as ligand (Ll) and lanthanide metal chlorides (LnCl;-xH,O; Ln =

Pr’’, Nd®', Ev’” and Gd*") in 1:3 ratio in presence of catalytic amount of Et;N in ethanol
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under microwave irradiation at 180 °C for 5 min. The synthesized solid lanthanide
complexes were collected through filtration method from the reaction mixture by the
complete removal of the solvent followed by washing with the hexane for several times
and air dried at room temperature. The yielded curcumin lanthanide complexes (2.1a-d)
were stable at room temperature, which were analyzed through for various spectroscopic
properties. The resulting curcumin lanthanide complexes were well studied with FT-IR
spectroscopy, UV-Visible spectroscopy, Fluorescence spectroscopy, TGA-DTA analysis
and elemental analysis. The physico-analytical data of free curcumin ligand (L") and

curcumin lanthanide complexes (2.1a-d) were represented in Table 2.1.

Table 2.1. Physico-analytical data of free Curcumin Ligand (L') and its Lanthanide
Complexes (2.1a-d).

C d Yield Col CHN Analysis (%) Found(Calculated)
ompouncs (%) otour Carbon Hydrogen Nitrogen
Bright 68.52
Curcumin(L") - £ 342
orange (68.47) (5.47)

1 55.86 4.41
[L';PrCl;](2.1a) 86 Brown (55.95) (4.47) -
[L'sNdCl5](2.1b) 90 B 274 4.51

. rown -
S (55.81) (4.46)
[L';EuCly'6H,0](2.1¢) 93 Dark o148 4.86
uCly Jdec -
T brown (51.42) (4.93)
Dark
[L';GdCl;'6H,0](2.1d) 95 >1.32 4.85 -

brown (51.24) (4.91)
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2.3.1. FT-IR Spectral Characterization Studies
2.3.1.1. FT-IR Spectra of Curcumin Ligand (LY
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Figure 2.4. FT-IR Spectra of Curcumin Ligand (LY.

The FT-IR spectrum of the free curcumin ligand (L") showed a broad vibrational
peak at 3702 cm’ correspond to free phenolic OH group and a sharp peak at 3511 cm”
attributing to the enolic-OH stretching vibrations. The bands observed at 1627 cm™ and
1602 cm™ indicated the mixed vibrations of v(C=0) and band at 1509 cm™ frequency was
the most prominent which attributed to mixed vibrations of v(C=C) bonds, and the band at
1429 cm™ correspond to the v(CCC) bonds. The bands at 1281 cmand 1206 cm™ are
mixed vibrations aromatic C-O stretching. The peak observed at 1153 cm™ frequency
corresponds to the enolic C-O stretching vibrations. The mixed bending vibrations
observed for C=C and C-H bonds at 1026 cm™, 962 cm™, 856 cm™ and 808 c¢cm (Figure
2.4 and Table 2.2).
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2.3.1.2. FT-IR Spectra of Curcumin Praseodymium Complex [L13PrCl3] (2.1a)
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Figure 2.5. FT-IR Spectra of Curcumin Praseodymium Complex [L';PrCl;] (2.1a).

The curcumin praseodymium complex [L'sPrCl5] (2.1a) was characterized by
recording the FT-IR spectra. It was found that the prominent bands appeared in the free
curcumin ligand indicating the mixed vibrations of C=0 stretching at 1627 cm™ and 1602
cm” were completely shifted to lower frequencies values at 1622 cm™ and 1588 cm™. The
shifting of the bands in the complex IR spectra strongly signify that the formation of
complex with praseodymium metal at f-diketonate coordination site of the curcumin ligand
(LY. The OH stretching at 3511 cm™ which appeared in the free Curcumin ligand is
disappeared in the complex and a new band appearing at 419 cm™ supported the formation
of the M-O bond which supports the ligand coordination to the metal where this band was
not observed in the free Curcumin ligand (Figure 2.5 and Table 2.2).
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2.3.1.3. FT-IR Spectra of Curcumin Neodymium Complex [L13NdC13] (2.1b)
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Figure 2.6. FT-IR Spectra of Curcumin Neodymium Complex [L';NdCl5] (2.1b).

The characteristic FT-IR spectrum of the curcumin neodymium complex [L'5Nd Cls]
(2.1b) showed that the most prominent bands at 1627 cm™ and 1602 cm™ which appear in
the free ligand indicating the C=0 stretching shifted to lower frequencies at 1623cm™ and
1588 cm™ in the curcumin neodymium complex compound and a new band appearing at

412 cm™ due to M-O bond which suggests the ligand coordination with the metal which

band was not found in the free curcumin ligand (Figure 2.6 and Table 2.2).
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2.3.1.4. FT-IR Spectra of Curcumin Europium Complex [L13EuCl3-6HZO] (2.1¢)
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Figure 2.7. FT-IR Spectra of Curcumin Europium Complex [L';EuCl;-6H,0] (2.1¢).

Similarly for the IR spectra of the curcumin europium complex [L';Eu Cls-6H,0]
(2.1c¢) (Figure 2.7 and Table 2.2) shows that the band at 1627 cm™ and 1602 cm™ in free
ligand indicating the (C=0) stretching shifted to lower wavelength at 1622 cm™ and 1590
cm™ in complex supporting the formation of the curcumin europium complex and the new

band appearing at 418 cm™ supports the formation of the M-O bond.



Chapter 2 Microwave-assisted... 38

2.3.1.5. FT-IR Spectra of Curcumin Gadolinium Complex [L';GdCl;-6H,0] (2.1d)
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Figure 2.8. FT-IR Spectra of Curcumin Gadolinium Complex [L'3GdCl;-6H,0] (2.1d).

In the IR spectra of [L'3Gd Cls-6H,0] (2.1d), the band at 1627 cm™ and 1602 cm™
in free curcumin ligand (L") shifted to a lower frequency at 1622 cm™ and 1590 cm™
respectively after complexation which attribute to the C=O stretching and appearance of
the new band attributing M-O bond at 418 cm™ support the coordination of the curcumin
and gadolinium.

The supporting information for the FT-IR spectra for all the different stretching
bands of the free Curcumin ligand (L'), [L';PrCls] (2.1a), [L';NdCl;] (2.1b),
[L'3EuClsy-6H,0] (2.1¢) and [L'3GdCl;-6H,0] (2.1d) were provided in Table 2.2
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Ar

Ar

Compound v(ArOH, OH) wen (C=0)(C=0) (CO) v(C-0) v(C-H) v(M-0)
3702, 3511 3014 1627, 1602. 1429 1281, 1153 Rl
. 1

Curcumin (L") 1509 303 -
1 1622, 1588,

[L'3PrCls] (2.1a) - 3129 1500 1398 1280, 1121 1029, 974, 820 419
1 1623, 1588,

[L'sNdCLs] (2.1b) - 3127 s10 1426 1280. 1121 1028, 971, 816 412
1 1622, 1590,

[L'3EuCls-6H,0] (2.1¢) 3371 3128 510 1400 1280, 1122 1029, 975, 820 418
1 1622, 1590,

[L'5GdCls-6H,0] (2.1d) 3353 3161 1403 1280, 1122 1029, 975, 820 418

1509
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2.3.2. UV-Vis Spectroscopic Studies
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Figure 2.9. UV-VisS of Curcumin ligand (L") and its Lanthanide Complexes (2.1a-d) in
different solvents (conc.1x10™ M).

UV-Vis Spectra of Curcumin ligand (Ll) and its Lanthanide complexes (2.1a-d) in
different solvents such as dimethyl sulfoxide (DMSO), dimethylformamide (DMF),
methanol (MeOH) and 1,4-dioxane were recorded at conc. 1x10°M. A maximum
absorption bands occur at around 431 nm to 418 nm and an insignificant shoulder band at
around 440 nm on recording the electronic spectra of free curcumin ligand (L') in
different solvent medium. We observed that the increase in polarity of the solvent the
absorption band move toward the higher intensity. This happen due to n—n" transition as 7
orbitals are more stabilized by hydrogen bonding with polar solvent and so it required a
small energy for transition. Similarly, we have recorded for the curcumin lanthanide
complexes (2.1a-d) in dimethyl sulfoxide (DMSO), methanol, dimethylformamide (DMF)

and 1,4-dioxane solvents at same 1x10°M concentrations and found that with the increase
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in polarity of the solvent, the higher intensification of the absorption bands, found in all
the curcumin lanthanide complexes compared to the pure curcumin ligand (L") shown in
Figure 2.9 and Table 2.3. When there is complexation, the atomic radii of central metal,
Ln(IIl) expands thereby reducing the bond distance between the metal and the ligand
(curcumin) shows by the higher intensification of the absorption bands, known as the
Nephelauxetic effect (j3).

We observed that the absorption intensity of the free curcumin ligand and its
lanthanide complexes increases in the order as curcumin (L') < [L';PrCl;3] (2.1a) <
[L'3NdCLs] (2.1b) < [L'5EuCl3-6H,0] (2.1¢) < [L'3GdCl3-6H,0] (2.1d) which is due to the
increasing of electronegativity of the metals in the periodic table.

Table 2.3. UV-Vis Spectral values of Curcumin Ligand (L") and its Lanthanide Complexes
(2.1a-d).

Compound DMSO DMF MeOH 1,4-Dioxane
p Amax(a.1) Amax(.1) Amax(.11) Amax(2.11)
) X 431.50 425.5 419.35 418.35
Curcumin (L")
(0.3536) (0.1209) (0.1842) (0.1758)
| 431.50 426.7 422.35 418.75
[L'sPrCls] (2.1a)
(0.3953) (0.2059) (0.3559) (0.2364)
| 431.50 426.1 422.35 419.35
[L';NdCl;] (2.1b)
(0.4337) (0.2123) (0.4525) (0.3875)
| 430.80 425.5 422.95 418.75
[L'3EuCly-6H,0] (2.1¢)
(0.4841) (0.2779) (0.5321) (0.4110)
430.20 426.7 423.55 419.35

[L'5GdCl5-6H,0] (2.1d)
(0.5381) (0.3447) (0.5652) (0.4764)
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2.3.3. Fluorescence Spectral Characterization Studies
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Figure 2.10. Fluorescence spectra of Curcumin Ligand (L') and its Lanthanide
Complexes (2.1a-d).

The emission spectra of the curcumin ligand (L') and its lanthanide metal
complexes (2.1a-d) were recorded at concentration 1x10™ M using DMSO and DMF as
the solvents. The maximum absorption of the complexes is different and so the excitation
wavelength varied. The intensity of the higher polarity shows higher intensity and
excitation wavelength. Interestingly, we observed that there is drastic fluorescence decline
in the curcumin lanthanide complexes (2.1a-d) compared with that of free curcumin
ligand (L'). With the increase in the electronegativity of the lanthanide metals in the
periodic table the intensity of the complexes decreases giving the descending order:
Curcumin (L')> [L'sPrCl;] (2.1a)> [L';NdCl5] (2.1b)> [L';EuCls.6H,0](2.1¢c) >
[L'3GdCl;5.6H,0] (2.1d). The Quantum yield of the Curcumin lanthanide complexes (2.1a-
d) compared to the free ligand curcumin (LY gives the same quenching order as that of the

intensity of the florescence spectra (Figure 2.10 and Table 2.4).
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Table 2.4. Florescence Spectral data of the Curcumin Ligand (L') and its Lanthanide
Complexes (2.1a-d).

Compound Solvent Excitation Emission Intensity Quantum

(nm) (nm) (au) Yield (®y)

Curcamin (L) DMSO 432 545 203612 0.0142
DMF 25 530 26127.5  0.0053

1 DMSO 432 540 148144 0.0099
[L'sPrClL3] (2.1a) DMF 426 535 78382  0.0036
1 DMSO 432 540 112862 0.0058
[L'sNdCl5] (2.1b) DMF 426 525 61454  0.0023
1 . DMSO 430 535 72554 0.0038
[L'3EuCly-6H0] 2.1¢) - "y /p 427 525 50229  0.0020
| . DMSO 430 535 6611.0  0.0034
[L'5GdCl3-6H,0] 2.1d) /e 426 525 375.1 0.0018

2.3.4. Thermogravimetric Analysis

100 —
- Curcumin (Ll)
1
——[L',PrCl1,] (2.1a)
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Figure 2.11. TGA curve for the free Curcumin Ligand (Ll) and its Lanthanide Complexes
(2.1a-d).

The thermo gravimetric analysis was recorded at 10°C/minute at a temperature range

from 29°C to 900°C in nitrogen atmosphere in order to study the thermal behavior of
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curcumin ligand (L") and its lanthanide(III) complexes (2.1a-d) at different temperature.
From the obtained TGA curve the weight loss of the free curcumin ligand and the
lanthanide complexes at different temperature were analyzed experimentally and
theoretically.

The free curcumin ligand under goes five stages while those of the synthesized metal
complexes under goes more than five stages of decompositions. The first decomposition
was found at around 100 °C involving the loss of OH and H,O followed by decomposition
of the remaining composition of the curcumin ligand and the complexes. In all most all
the lanthanide metal complexes the metal oxide remained as the residue except for the
prasecodymium complex [L';PrCl;] (2.1a) which fully decomposed at 863.01 °C. The
detail decomposition of the compounds respected to the temperature is tabulated in Table

2.5.
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Table 2.5. Thermo Gravimetric Analysis of Curcumin ligand (L?) and its Lanthanide complexes (2.1a-d).

1 o,

Compound Temperature(’ C) (Exp\z*g:;gnil; t]/-l’glsltefnizical) Decomposed Compound
Curcumin (L") 29.00-90.22 16.011% / 16.835% 2(CH;0)

90.22 - 222.61 09.979% / 09.220% 20H

222.61 —-432.38 46.213% / 46.720% C¢H;CH=CH-CO-CH,-CO

432.38 -637.94 20.351%/20.375% CeHj;

637.94 -790.86 07.538% / 07.063% HC=CH
[L';PrCl5] (2.1a) 29.00- 101.15 28.845% /28.815% 6(OCHs;), 6(OH) and C¢H;CH=CH

101.15-172.95 07.204% / 07.418% CsH;CH=CH

172.95 -281.41 11.009% / 11.116% 2(CeHz)

[L';NdCL] (2.1b)

[L'3EuCly-6H,0] (2.1¢)

[L'3GdCly-6H,0] (2.1d)

281.41 -551.54

551.54 -863.01
29.00-114.84
114.84 -174.94
174.94 -276.87
276.87 —47.03
547.03 —12.85

29.00-93.32

93.32 -122.50
122.50 -173.82
173.82 -267.46
267.46 —388.81
388.81 —540.30
540.30 -828.71

29.00-95.120
95.120 -127.19
127.19 -195.80
195.80 -276.49
276.49 —547.92
547.92 -732.76

35.067% / 35.148%

17.875% / 17.476%
34.705% / 34.238%
05.300% / 05.536%
10.771% / 10.334%
27.346% / 27.861%
05.360% / 05.230%
17.172% / 17.719%
22.500% / 22.292%
05.108% / 05.100%
03.192% / 03.465%
08.301% / 08.024%
15.178% / 15.506%
10.728% / 10.201%
10.987% / 10.405%
24.006% / 24.077%
26.285% /26.816%
06.677% / 06.844%
05.248% / 05.082%
07.402% / 07.725%
27.092% / 27.445%
09.915% /09.776%
17.976% /17.196%

C6H3CH:CH-C-CH2-C-CH:CH- C6H3,C-CH2-C, CH=CH-C-
CHQ-C-CH:CH and Cl3

Pr06

6(OCH;), 6(0OH) and 2(C4H;CH)

CeH;

C¢H;CH=CH and 3(CH)

C6H3CH:CH-C-CH2-C-CH:CH C6H32(C-CH2-C), CH and C13
NdOq

6(H,0), 6(0CH;) and 20H
C6H3

3(OH)

HO-C¢H;CH=CH
2(C¢H3CH=CH) and CH=CH
2(CsHa)

3(C-CH,-C-CH)

Cl; and EuOg¢
6(H,0),6(0CH;) and 6(0OH)
C6H3CH:CH

C6H3

C6H3CH:CH
3(C¢H;CH=CH), CH=CH,2(C-CH,-C)
C-CH,-C and Cl;

GdOg
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2.3.5. Chemical Kinetic and Thermodynamic Studies

A chemical reaction is lead by stretching, bending and ultimately breaking of bonds
when molecules collide and the kinetic energy of the molecule is utilized. The minimum
energy required for a chemical reaction to occur is called activation energy (Ea)." Or it is
the difference between the threshold energy and the activation energy of the reactant
molecule. Considering the Arrhenius Equation, the activation energy of the chemical
reaction can be evaluated.'®
Which is represented as: k = Ae™*T (D)
Where A= frequency factor or the pre exponential factor, T= temperature, R= universal gas
constant, Ea= activation energy and k= rate constant.'’

Applying the Arrhenius rate equation the activation energy (Ea) of the complexation of
curcumin lanthanides complexes were evaluated by plotting log k (k=rate constant) against
/T x107.

Ea = Slope x 2.303 x R 2)
Using Van’t Hoff plot of log k against 1/T, '’ the thermodynamic parameters for the
complexation were calculated.'®

Ink = —""+ AS°R

Or Ink = —AG°RT 3)

Experimentally the studies of chemical dynamics have been performed by

recording the pH value of curcumin lanthanides complexes; [L'5PrCls] (2.1a), [L'sNdCl;]
(2.1b), [L'3EuCl;-6H,0] (2.1¢) and [L'3GdCl;-6H,0] (2.1d) at different temperatures for a
time interval of 10 minutes in ethanol medium which is shown in Table 2.6 and a plot of
pH against time were plotted (Figure 2.12, 2.14, 2.16 and 2.18 ) in order to analyze the rate
of the reaction or complexation at different temperature (288K, 298K, 308k, 318K and
328K) utilizing which the activation energy Ea were evaluated plotting the graph of Log k
against 1/T x 10™ . From Table 2.6 we can see that the pH values of the complexes increase
with increase in temperatures and time intervals in all the cases which show that the rate of
the complexation (k) of curcumin with the lanthanide in the formation of complexes in
ethanol medium increases as shown in Table 2.7, 2.9, 2.11 and 2.13 respectively, which is
inconsistent with the theoretical prediction of Arrhenius rate equation. The intercepts of the
plot log k versus 1/T x 107 provide the frequency factor or the pre exponential factor (A).
From the values of the activation energy (Ea) as tabulated in Table 2.7, 2.9, 2.11 and 2.13,

the negligibly low value of Ea signified that the reactions involved are fast ones. Observing
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the value of activation energy (Ea), evaluated from the graph, the order of the increasing
rate in the formation of complexes are in the sequence [L13PrC13] (2.1a)> [L13NdCl3]
(2.1b)> [L'5EuCly-6H,0] (2.1¢)> [L'5GdCl;-6H,0] (2.1d).

From the Van’t Hoff plot of In k against 1/T, (Figure 2.13, 2.15, 2.17 and 2.19) the
thermodynamic parameters such as Enthalpy change (AH®) entropy change (AS°®) and Gibbs
free energy change (AG®) of the complexation of [L'5PrCls] (2.1a), [L'sNdCLs] (21b),
[L'3EuCL]-6H,0 (2.1¢), [L'3GdCL]'6H,0 (2.1d), were evaluated which are tabulated in
Table 2.8, 2.10, 2.12 and 2.14. The negative value of the Gibbs free energy change (AG®)
indicates that the reaction is a spontaneous and also favorable one associated with the
positive values of Enthalpy change (AH®) conveying the complexation as endothermic one

and the entropy change (AS°) value as entropy driven one.
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Table 2.6. pH value of Curcumin Lanthanide Complexes (2.1a-d) at different temperature
with 10 minutes of time interval.

pH at different time interval (minutes)

Compound Tempoerature
C 0 10 20 30 40 50 60
[L';PrCl3] (2.1a) 15 1.08 1.10 1.15 1.19 1.22 1.25 1.29
25 .11 1.14 1.19 122 1.27 130 1.32
35 .12 1.16 1.21 1.26 1.29 131 1.34
45 1.15 1.20 1.23 1.28 131 135 1.38
55 1.19 1.22 1.27 130 135 139 142
[L';NdCl5](2.1b) 15 2770 272 274 279 2.83 2.84 2.86
25 277 2778 285 2838 290 293 294
35 289 291 295 299 3.02 3.04 3.08
45 3.03 3.07 3.13 3.16 3.18 3.21 3.23
55 3.06 3.10 3.15 3.19 3.22 3.25 3.28
[L'3EuCly-6H,0](2.1c) 15 1.88 190 194 197 203 2.09 2.13
25 230 234 238 243 248 252 2358
35 2770 275 279 2.82 2.88 297 3.00
45 280 2.84 290 296 3.01 3.05 3.12
55 284 286 292 3.05 3.09 3.13 3.17
[L'5GdCl3-6H,0](2.1d) 15 1.1 1.65 1.70 1.72 1.78 1.81 1.84
25 2.02 2,09 215 218 220 224 230
35 2.08 211 219 223 229 234 238
45 210 2.14 220 227 232 237 241
55 2.15 219 226 230 238 243 2.48
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different temperatures.
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Table 2.7. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and
Activation energy (Ea) of [L'; PrCl;] (2.1a).

Activation
Temperature A 403 Rate (k) Rate (k)
K UTKXI0O™ | v L 'Min” | Mol L's7x10° | 108K E“eagg])(Ea)
288 3.47 0.09684 1.61400 0.20790
298 3.35 0.09805 1.63400 0.21484
308 3.24 0.09842 1.64033 0.21493 0.00189
318 3.14 0.10190 1.69850 0.23006
328 3.24 0.1770 1.79500 0.25400
0.26 —
0.25
0.24 Slope = -0.09878
M
&
—~ 0234
0.22
021
020 T T T T T T T T T
30 31 32 33 34 35

1/Tx10”

Figure 2.13. Plot of log k versus (1/T)x10 ~ for the complexation of [L';PrCls] (2.1a) in

EtOH.

Table 2.8. Rate (k) and Thermodynamics parameter for the complexation of [L'5PrCls]
(2.1a) at different temperature.

Temperature Rate (k) AH’ AS° AG’
(K) MolL's'x107 (kJmol™) (JK' mol™) (kJmol™)
288 1.61400 0.00398 -1.14703
298 1.63400 0.00411 -1.22646
308 1.64033 0.00189 0.00412 -1.26812
318 1.69850 0.00455 -1.40144
328 1.79500 0.00486 -1.59591
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Table 2.9. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and

Activation energy (Ea) of [L'sNdCls] (2.1b).

Activation
Temperature A a3 Rate (k) Rate (k)
K UTKXIO™ | o1 Min! | Mol L s'x10° | 108K E“eagg])(Ea)
288 3.47 0.15645 2.60750 0.41622
298 3.35 0.16804 2.80066 0.44725
308 3.24 0.17669 2.94483 0.46901
0.00490
318 3.14 0.18221 3.03683 0.48241
328 3.04 0.20638 3.43966 0.53647
0.56 —
054
0.52 -
Slope =-0.25593
0.50 -
M
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Figure 2.15. Plot of log k versus (1/T)x 0 = for the complexation of [L'3 NdCls] (2.1b) in

EtOH.

Table 2.10. Rate (k) and Thermodynamics parameter for Complexation of [L'5NdCl5]
(2.1b) at different temperature.

Temperature Rate (k) AH’ AS° AG’
(K) Mol L” $'x10? (kJmol™) (JK' mol™) (kJmol™)
288 2.60750 0.00798 -2.29638
298 2.80066 0.00858 -2.55550
308 2.94483 0.00490 0.00896 -2.76724
318 3.03683 0.00925 -2.93867
328 3.43966 0.01028 -3.37071
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Table 2.11. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and
Activation energy (Ea) of [L';EuCl3'6H,0] (2.1¢).

Tempg ature |4 g1 x10° M(ﬁ*‘Ltﬁ %\l/i)in'l MolRIil'tleS('ll());10'3 Log k E?ncet%%t(ll%:)

288 347 0.25102 418366 0.62155 =
298 335 0.28188 469300 0.67193

308 324 031559 5.25983 072007 |  0.00685
318 3.14 0.32608 5.43466 0.73517

328 3.04 0.36206 6.03433 0.78062

0.80 4
-

Slope =-0.35818
0.75 4

0.70
0659 \

LogK

0.60 r T T T T T r
3.0 3.1 3.2 3.3 3.4 3.5
1/Tx10°

Figure 2.15. Plot of log k versus (1/T) x 10 ~ for the complexation of [L'3EuClz-6H,0]
(2.1¢) in EtOH.

Table 2.12. Rate (k) and Thermodynamics parameter for the complexation of
[L'5EuCl;-6H,0] (2.1c¢) at different temperature.

Temperature Rate (k) AH’ AS° AG’
(K) Mol L S'x107 (kJmol™) | (K" mol?) | (kJmol™)
288 4.18366 0.01192 -3.42897
298 4.69800 0.01288 -3.83568
308 5.25983 0.00685 0.01382 -4.25344
318 5.43466 0.01409 -4.47798
328 6.03433 0.01496 -4.90461
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Table 2.13. Rate (k) at different Temperature; i.e. 288K, 298K, 308K, 318K, and 328K and

Activation energy (Ea) of [L'sGdCl3-6H,0] (2.1d).

Activation
Temperature A 403 Rate (k) Rate (k)
K UTKXIO™ | proi L M | Mol L' sx10° | 108K E“e(rlgg])(Ea)
288 3.47 0.19247 3.20783 0.50621
298 3.35 0.23937 3.98950 0.60091
308 3.24 0.30270 5.04500 0.70286 0.00962
318 3.14 0.30439 5.07316 0.70527
328 3.04 0.31425 5.23750 0.71912
0.75
- Slope =-0.50291
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Figure 2.19. Plot of log k versus (1/T)x 10 3 for the complexation of [L'5GdCl5-6H,0]

(2.1d) in EtOH.

Table 2.14. Rate (k) and Thermodynamics parameter for the complexation of

[L'35GdCL3]-6H,0 (2.1d) at different temperature.

Temperature Rate (k) AH’ AS° AG’
(K) Mol L S'x 107 (kJmol ™) (JK'mol™) (kJmol™)
288 3.20783 0.00972 -2.79288
298 3.98950 0.01154 -3.43385
308 5.04500 0.00962 0.01348 -4.14700
318 5.07316 0.01353 -4.29626
328 5.23750 0.01379 -4.51832
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2.4. Conclusion

In conclusion, we report the novel microwave-assisted fast and efficient green
synthesis of curcumin lanthanide complexes (2.1a-d). All the synthesized curcumin
lanthanide complexes were well investigated for their various spectroscopic studies. In IR
spectra of all complexes, there is a chelate band shift in complexes comparing with that of
free curcumin ligand which reveals the possibility of the formation of complex. The UV-
Vis absorption spectra of the complexes increased to higher intensity with the increase in
the polarity of the solvents in all the curcumin lanthanide complexes. Interestingly, the
fluorescence spectroscopic studies were found that there is a quenching in curcumin
lanthanide complexes (2.1a-d) intensity comparing with that of free curcumin ligand (L").
The negligibly low value of activation energy (Ea) signified that the reactions involved are
fast ones. The negative value of the Gibbs free energy change (AG®) indicated that the
reaction is spontaneous and also favorable one. Positive values of Enthalpy change (AH®)
shows the complexation is endothermic one and the entropy change (AS°) value shows the

reaction is entropy driven.
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Chapter 3

Synthesis of Curcumin-thiosemicarbazone Lanthanide (Pr’*, Nd**, Eu*
and Gd*") Complexes and Investigation of their Spectroscopic and
Kinetic Studies

Abstract

In this chapter, we report the synthesis of curcumin-thiosemicarbazone lanthanide
complexes from curcumin-thiosemicarbazone ligand (L% and lanthanide chlorides
(LnCls-xH,0; where; Ln=Pr’", Nd**, Eu*"and Gd*") in presence of triethylamine (Et;N) in
ethanol reflux for 24 hours and investigated their spectroscopic and kinetic studies. The
spectroscopic and physic-chemical properties of the curcumin-thiosemicarbazone ligand
(L% and its lanthanide(IIl) complexes [L*PrCls] (3.1a), [L*3NdCl;] (3.1b), [L*EuCls]
(3.1¢), [L3GdCl3] (3.1d) were studied by various methods of IR, UV-Vis, Fluorescence,
TGA-DTA and elemental analysis. The FT-IRspectra of curcumin-thiosemicarbazone
lanthanide complexes were well interpreted based on the comparison of free curcumin

ligand spectrum which confirms the formation of complexes (3.1a-d).

3.1. Introduction

Thiosemicarbazone is an organic compound that embrace sulfur in it and consist N,
S-donor as a ligand. They are commonly synthesized by condensing thiosemicarbazide
alone with aldehydes and ketones. Investigation of this compound has been done for the
last few decades individually or with organic as well as inorganic compound or with metal
as metal complexes and discovered to possess a variety of biological activities together
with the application of treatment of numerous diseases. Regarding to the applications, first
reported in 1950s for the treatment of leprosy and tuberculosis and also further studies
shows their multiple applications as drug, anti-cancer, anti-tumor activities.'” Chemistry,
Pharmacology, and Biology are granting much interest towards thiosemicarbazone and its
derivatives as they possessed a diverse activities toward many diseases and not only that
they have several other applications.” Thiosemicarbazone coordinate with metallic cation
as a chelating ligand to give complexes which are broadly utilized by medicinal chemistry
for the development of drug and bioactive materials.°

Apart from the applications in medicinal chemistry, thiosemicarbazone are acquiring
multiple attentions because of its liability to change the bonding mode, structural variance,

and ion-sensing potentiality.”” Their applications were also found in analytical chemistry
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and industries.'” Due to flexibility as ligand with regard to metal ions they are titled as
superior coordination liability, constancy and finer selectivity and with its
photoluminescence properties they were utilized for tracking of drug in cancer cell."
Looking on to its numerous potentiality some of lately synthesized and application of
thiosemicarbazone metal complexes were reviewed.

With the opportunities put forwarded by bioinorganic chemistry towards
thiosemicarbazone transition metal complexes, J. Haribabu et.al. 2017 synthesized Ni(Il)
complexes of thiosemicarbazone ligand (Scheme 3.1) and examine some of its potentiality
biologically. X-ray crystallographies of the complexes shows square planar geometry and
were found to have significant binding affinity toward the targeted protein, together with it
they were found to have anti-oxidant activity and cytotoxicity activity against human lung

.12
and breast cancer cell line.
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Indole-based thiosemicarbazone ligands R N
H
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Scheme 3.1. Schematic Synthesis of Ni(Il) complexes.

The advances in mining and industries cause heavy metal ions pollution which is
becoming hazardous to human health as well as other living organisms because of its high
toxicity. Over viewing these disadvantage of the heavy metals, S. S. Panja and group in
2018 has developed and reported a multi-approachable thiosemicarbazone-based chemo
sensor for the recognition and exposure of 12 metal ions. The metal-ligand complexes
were found to have a potential probe and along with it they were found to be a good
detector for the metal ions individually or as a group."® As the coordination chemistry of
manganese ions are becoming an interest because of its biological activity and catalytic
potentiality. M. K. Bharty and co-worker in 2019 work on the synthesis of Mn(IIl)

complexes using 4-phenyl (phenyl-acetyl)-3-thiosemicarbazide (Figure 3.1) and 4-amino-
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5-phenyl-1,2,4-triazole-3-thiolate and further studied their potentiality towards
electrochemical oxygen reductions. X-ray crystallography shows an octahedral geometry
along with it the crystal structures were found stabilized by the inter-molecular and intra-
molecular interaction by hydrogen bonding. As electrocatalyst with affordable and
systematic methods, the complexes may be utilized as an oxygen reduction in fuel cells,

batteries and electrolytes.'*

)L
@”é\\
Q
i@

Figure 3.1. Structure of 4-phenyl (phenyl-acetyl)-3-thiosemicarbazide Mn(I1I) complexes.

Similar studies on the possible usage of the thiosemicarbazone metal complexes for
electrocatalyst along with the applications as energy storage devices and electro-sensor
were reported by B. Kaya et al. (2020) and found that the synthesized complexes as
proposed shows the potentiality towards the electrochemical technology.'” As pointed out
before thiosemicarbazone metal complexes at present are gaining lots of attention due to its
nitrogen and sulphur donor ligand capability of cytotoxicity activity which increases on
coordinating with metal ions such as the copper and nickel. Considering the potentiality D.
Sarker and co-workers in 2020 synthesized and characterized metal complexes of
thiosemicarbazone and put-forward a possible structure confirm by elemental analysis and
mass spectroscopy as shown in Figure 3.2 along with its investigation of its antibacterial

.. .. 16
activity shows an average activity.
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Figure 3.2. Proposed Structures of Synthesized Thiosemicarbazone Metal Complexes.

U. M. Osman et al. (2021) using a conventional methods synthesized a Ni(Il) complex
with thiosemicarbazone as ligand (Scheme 3.2). The synthesized complex was identified
by different spectroscopic methods. Single crystal X-ray of the crystallized complex shows
disfigured square planner geometry together with the coordination of the metal to nitrogen

and sulphur site of the donor ligand. 17
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CNH oxall

2:3 d
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\

4-(Diphenylamino)benzaldehyde-4-(2-fluorophenyl) thiosemicarbazone
Scheme 3.2. Chemical equation for the Synthesis of Thiosemicarbazone Ni(II) Complex.

S. Savir et al. (2021) synthesized a series of Ni(Il) complexes with oxygen,
nitrogen and sulfur tridented thiosemicarbazone and polyhydroxybenzldehyde and
characterized by various spectroscopic methods. The complexes were found to be square
planar geometry and they were found to have cytotoxic activity. The interaction of the
complexes with the DNA were confirmed through molecular docking studies.'® With the
increase of the heavy metal contaminations, Y. Yue and group recently (2021) have
synthesized a new mobile, high-precession and recyclable hydrogel sensor for the
detection of Cu®" ions in environment which was further coordinated with
thiosemicarbazone complexes and found to give an excellent hydrogel. The complex
hydrogel was discovered to be reversible from liquid state at high temperature to solid state

on cooling. The complexes were also found to possess anti-bacterial activity.'’



Chapter 3 Synthesis of Curcumin-thiosemi... 67

Other than the mentioned importance and application of thiosemicarbazone
complexes, they were found to be utilized for anti-cancer, anti-tumor, anti-oxidant,
hemolytic, bio-molecular interaction, drug for prediction of activity spectra of substance

225 In viewing the potentiality of

analysis and cross-coupling catalytic reaction.
thiosemicarbazone complexes have lead us to synthesize novel lanthanide complexes of
curcumin-thiosemicarbazone and characterized its spectroscopic, physico-chemical and

kinetics studies.

3.2. Experimental
3.2.1. Materials and Methods

All the reagents and solvents were purchased from commercially available sources
and used without further purification. Melting points were recorded in open capillaries
using IKON melting point apparatus and are uncorrected. FTIR spectra of the curcumin-
thiosemicarbazone ligand (L% and its lanthanide complexes (3.1a-d) were recorded on
Perkin-Elmer spectrophotometer (Spectrum-Two) using KBr disk and values are expressed
in cm™. Micro analytical (CHN) data were obtained with a FLASH EA 1112 Series CHNS
analyzer. UV-visible spectrophotometer (Double Beam) Perkin Elmer, Lambda-35 is used
for recording the absorption bands of the curcumin-thiosemicarbazone ligand and its
lanthanide complexes. All fluorescence emission spectra of curcumin-thiosemicarbazone
ligand and its lanthanide complexes were recorded using fluorescence spectrophotometer
Shimadzu RF- 6000 which is followed by the evaluation of their quantum yields. pH
values of the reactions were recorded using EUTECH instrument pH 700. The TGA-DTA
measurements of curcumin-thiosemicarbazone ligand and its lanthanide complexes were

performed on a Perkin-Elmer analyzer in air over the temperature range of 25-900°C.

3.2.2. Synthesis of Curcumin-thiosemicarbazone Ligand (LZ)

Solution of curcumin [1, 7- bis(4- hydroxyl-3-methoxypheny)l-1, 6- heptadiene-3,
5-dione] (1mmol, 0.368g) in ethanol medium was kept with continuous stirring in a
magnetic stirrer. Then, to it was added (3 mmol, 0.264g) of thiosemicarbazide and catalytic
amount of acetic acid. The reaction mixture was bright orange with some insoluble solid
residue which completely gets dissolved in the solvent after an hour of refluxing. After
keeping the reaction for about two and a half hours, precipitate started to be formed. The

resulting mixture was kept under reflux condition for 24 hours. On evaporation of the
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solvent, it gives a pale yellow compound; it was added ice cold water converting to a solid
which was collected through filtration and air dried after washing several times with water

(Scheme 3.3).

EtOH/Acetic acid
Reflux (24 h)

Curcuim Thiosemicarbazide

S
)LNHz
N—N

\
ShAAa s
HO
O\

0N

OH

Curcumin-thiosemicarbozone (L?)

Scheme 3.3. Synthesis of Curcumin-thiosemicarbazone Ligand (L?).

3.2.3 General Synthesis of Curcumin-thiosemicarbazone Lanthanide Complexes [L3
LnCl;] (3.1a-d)

The complex of the lanthanide was prepared by taken curcumin thiosemicarbazone
(3 mmol) in ethanol medium in a round bottom flask at 100° to it was added LnCl3-xH,O;
(where; Ln = Pr’’, N&', Ev’" and Gd3+) (1 mmol). To the reaction mixture was added
catalytic amount of triethylene amine (Et;N) and was keep for refluxing for 24 hours. After
which the reaction was allowed to evaporate the solvent completed on evaporation the
reaction mixture form a yellow compound which was washed with hexane for several time
and on washing with hexane the compound form a yellowish green which was collected
trough filtration. The complexes [L%PrCls] (3.1a), [L%NdCl;] (3.1b), [L*3EuCls] (3.1¢),
[L*GdCL] (3.1d) were allowed to air dried and stored in a glass vial for further

investigation (Scheme 3.4).
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Curcumin-thiosemicarbazone Lanthanide(IIT) Complexes (3.1a-d)

Scheme 3.4. Schematic synthesis of Curcumin-thiosemicarbazone Lanthanide Complexes
(3.1a-d).

3.3. Results and Discussion

Herein, we report synthesis of curcumin-thiosemicarbazone lanthanide complexes
(3.1a-d). The ligand curcumin-thiosemicarbazone (L2) was prepared from a reaction of
curcumin and thiosemicarbazide with a catalytic amount of CH3COOH in ethanol and
reflux for 24 hours. The Curcumin lanthanide metal complexes were then synthesized
using curcumin-thiosemicarbazone ligand (L*) and lanthanide metal chlorides
(LnCl;3-xH,0; Ln = Pr*f, Nd*', Eu®" and Gd3+) in 3:1 ratio in presence of catalytic amount
of EtsN in ethanol and reaction mixture was kept under reflux condition for 24 hours. The
solvent was completely evaporated by removing the condenser after 24 hours of refluxing.
The yielded solid, collected through filtration was washed with hexane for several times
and is allowed to air dried and then collected. The synthesized solid curcumin-
thiosemicarbazone lanthanide complexes (3.1a-d) were stable at room temperature, which
were characterised for various spectroscopic properties. The resulting curcumin lanthanide
complexes were well studied through FT-IR spectroscopy, UV-Visible spectroscopy,

Fluorescence spectroscopy, TGA-DTA analysis and elemental analysis. The chemical
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kinetics and thermodynamic parameters were evaluated by recording pH of the reactions at
different temperature. The physico-analytical data of free curcumin-thiosemicarbazone
ligand (L% and curcumin-thiosemicarbazone lanthanide complexes (3.1a-d) were

represented in Table 3.1.

Table 3.1. Physico-analytical data of Curcumin-thiosemicarbazone ligand (L') and its

Lanthanide complexes (3.1a-d).

Compounds Yield Colour CHN Analysis (% )Found(calculated)
P (%) Carbon  Hydrogen Nitrogen Sulphur
Curcumin- Pale 62.34 9.98 7.51
) ) ) - 5.06 (5.00)
thiosemicarbazone (L.°) yellow (62.40) (9.92) (7.57)
5 Yellowish 52.41 8.27 6.41
[L*PrCl;] (3.1a) 98.00 3.94 (3.99)
green (52.33) (8.32) (6.35)
5 Yellowish 52.31 8.36 6.41
[L5NdCL;] (3.1b) 97.67 3.94 (3.98)
green (52.22) (8.30) (6.34)
X 51.85 8.21 6.35
[L*EuCls] (3.1¢) 98.45 Brown 3.92 (3.96)
(51.96) (8.26) (6.30)
5 Pale 51.68 8.19 6.23
[L5GdCl;] (3.1d) 86.56 3.91 (3.95)

yellow  (51.78) (8.23) (6.28)
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3.3.1. FT-IR Spectral Characterization Studies
3.3.1.1. FT-IR Spectra of Curcumin-thiosemicarbazone Ligand (Lz)
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Figure 3.3. FT-IR spectra of Curcumin-thiosemicarbazone ligand (L?).

The FT-IR spectrum of the curcumin-thiosemicarbazone (L?) showed a peak at
3493 cm™ attributing to the OH stretching and absorption at 3325 cm™ and 3000 cm™
attributing to NH and CH. The absorption band at 2062 cm™ and 2003 cm™ indicating the
thiocyanate i.e. v(N-C=S) of the compound. The band observed at 1644 cm™, 1592 cm™
and the most prominent band at 1512 cm™ indicating the mixed vibration of v(C=C and
8(C=N). The bands at 1452 cm™ and 1429 cm™ are corresponding to the vibration of
v(CCC)bond. The peak observed at 1279 cm™ and 1155 cm™ correspond to C-O stretching
and the mixed bend vibrations of the C=C and C-H bond is observed at 1029 cm™, 955 cm”
"and 809 cm™ (Figure 3.3 and Table 3.2).
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3.3.1.2. FT-IR Spectra of Curcumin-thiosemicarbazone Praseodymium Complex

[L%PrCl;] (3.1a)
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Figure 3.4. FT-IR spectra of Curcumin-thiosemicarbazone Praseodymium Complex
[L%PrCli] (3.1a).

The FT-IR spectra characterization of curcumin-thiosemicarbazone praseodymium
complex [L*PrCls] (3.1a) shows that the sharp band at 2003 cm™ and a band at 2062 cm™
merge to form a sharp at 2056 cm™. The prominent bands appeared in the free curcumin-
thiosemicarbazone ligand indicating the mixed vibrations of C=N and C=C stretching at
1644 cm™ and 1512 cm™ were completely shifted to lower frequencies values at 1642 cm”
and 1511 em™. The shifting of the bands in the complex IR spectra is strongly signifying
that the formation of complex with praseodymium metal at N and S coordination site of the
curcumin-thiosemicarbazone ligand (L?*) and new bands appearing at 365 cm™ and 142 cm’
! supports the formation of the M-N bond and M-S bond respectively supporting the ligand
coordination to the metal where this band was not observed in the free curcumin-

thiosemicarbazone ligand (Figure 3.4 and Table 3.2).



Chapter 3 Synthesis of Curcumin-thiosemi... 73

3.3.1.3. FT-IR Spectra of Curcumin-thiosemicarbazone Neodymium Complex
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Figure 3.5. FT-IR spectra of Curcumin-thiosemicarbazone Neodymium complex
[L%NdCl;] (3.1b).

Analysing the FT-IR spectra of curcumin-thiosemicarbazone neodymium complex
[L*;NdCl5] (3.1b) also showed that the sharp band at 2003 cm™ and a band at 2062 cm™
integrate to form a sharp peak at 2058 cm™ and the prominent bands appeared in the free
curcumin-thiosemicarbazone ligand at 1644 cm™ and 1512 cm indicating the mixed
vibrations of C=N and C=C stretching completely shifted to lower frequencies values at
1641 cm™ and 1511 ecm™. The shifting of the bands in the complex IR spectra strongly
supported the formation of complex with neodymium metal at N and S coordination site of
the curcumin-thiosemicarbazone ligand (L?) and new bands arising at 359 cm™ and 172
cm™ supports the formation of the M-N bond and M-S bond respectively supporting the
coordination of the lanthanide to the free curcumin-thiosemicarbazone ligand (Figure 3.5

and Table 3.2).
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3.3.1.4. FT-IR Spectra of Curcumin-thiosemicarbazone Europium Complex
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Figure 3.6. FT-IR spectra of Curcumin-thiosemicarbazone Europium Complex [L*Eu Cls]
(3.1¢).

The FT-IR spectrum of curcumin-thiosemicarbazone europium complex
[L*:EuCls] (3.1¢) showed that the prominent bands at 1639 cm™ and 1511 cm™ attributing
to the mixed vibrations of C=N and C=C stretching which was shifted to a lower
wavelength as compared curcumin-thiosemicarbazone ligand (L?). Integration of the sharp
band at 2003 cm™ and a band at 2062 cm™ of the free ligand resulting in a sharp at 2058
cm™ in the complex. The shifting of the frequencies values fortify the coordination of
curcumin-thiosemicarbazone and europium metal and new bands arising at 372 cm™ and
172 ¢m™ confirm the formation of the M-N bond and M-S bond respectively supporting
the coordination of the lanthanide to the free curcumin-thiosemicarbazone ligand (Figure

3.6 and Table 3.2).
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3.3.1.5. FT-IR Spectra of Curcumin-thiosemicarbazone Gadolinium Complex
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Figure 3.7. FT-IR spectra of Curcumin-thiosemicarbazone Gadolinium Complex
[L%GdCL] (3.1d).

The sharp band at 2003 cm™ and a band at 2062 cm™ of the free ligand come together
result in a sharp band at 2068 cm™ after complexation and the bands at 1644cm™ and 1512
cm™ attributing to the mixed vibrations of C=N and C=C stretching shown in curcumin-
thiosemicarbazone ligand (L?) was shifted to a lower wavelength at 1640 em™ and 1511
cm’ after complexation of curcumin-thiosemicarbazone gadolinium complex [L%EuCli]
(3.1d). The shifting of the bands signifies the coordination of curcumin-thiosemicarbazone
and gadolinium metal and new bands arising at 387 cm™” and 170 cm” confirm the
formation of the M-N bond and M-S bond respectively supporting the coordination of the
gadolinium to the free Curcumin thiosemicarbazone ligand (Figure 3.7 and Table 3.2).

The results of the FT-IR spectra of all the curcumin-thiosemicarbazone complexes

(3.1a-d) along with curcumin-thiosemicarbazone (L?) are tabulated in Table 3.2
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Table 3.2. Major FT-IR spectral data of the Curcumin-thiosemicarbazone (L2) and its Lanthanide complexes (3.1a-d) (cm'l).

v(ArOH, Arv(NH) . V(C=N) ] ] ] _ ]
Compound OH) (CH) v( N-C=S) (C=C) Arv(CC) v(C- 0) v(C-H) v(M-N) v(M-Cl) v(M-S)
Curcumin- 3325, 2062, 1644, 1279, 1029, 955,
3493 1000 1452 ) ] ]
thiosemicarbazone(LL?) 2003 1592,1512 1155 809
Pl Gt 3450 3321 1642, 1279, 1033, 952,
r 1a 2056 1453 365 254
T 2999 15931511 1153 806 178
[LNdCL] (3.1b) o 1641, 127 1031, 952,
. 2 14 2
LABCh] G0 34580 3323, 1639, 1279, 1033, 951,
u AC
sEuCl; 1008 2065 isonisi 144 54 204 372 257 172
[L%GdCL] (3.1d) s o4 o e
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3.3.2. UV-Vis Spectral Characterization Studies
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Figure 3.8. UV-Vis spectra of Curcumin-thiosemicarbazone Ligand (L?) and its
Lanthanide Complexes (3.1a-d) in solvents (conc. 1x10°M).

UV-Vis spectra of curcumin-thiosemicarbazone ligand (L% and its lanthanide
complexes ((1-4) in different solvents such as dimethyl-sulfoxide (DMSO),
dimethylformamide (DMF), methanol (MeOH) and 1,4-dioxane were recorded at
concentration of 1x10°M. A maximum absorption band occurs at around 327 nm to 336
nm on recording the electronic spectra of free curcumin-thiosemicarbazone ligand (L?) in
different solvents. We observed that on increasing the polarity of the solvent the absorption
band move to the higher intensity. Similarly, on recording the curcumin-thiosemicarbazone
lanthanide complexes (3.1a-d) in dimethyl sulfoxide (DMSO), methanol,
dimethylformamide (DMF) and 1,4-dioxane solvents at same 1x10°M concentrations and

found that with the increase in polarity of the solvent the absorption bands move toward
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higher wavelength indicating bathochromic shift or the red shift in all the curcumin-
thiosemicarbazone lanthanide complexes (3.1a-d) as revealed in Figure 3.8 and Table 3.3.
When ligand interacts with the metal (Ln=Pr3+, Nd® ° Eu’’ and Gd® ") and forms complex,
the metal- ligand bond length is shortened and a strong bond is formed there by increasing
the absorption intensity of UV-Vis spectra of the complex compared to the intensity of the
absorption spectra of ligand alone (Nephelauxetic Effect). In all the solvents (DMF,
DMSO, MeOH and 1,4-Dioxane), the intensity of the pure ligand and complexes are in the
order L2<[L%PrCls] (3.1a) < [L%NdCL] (3.1b) < [L3EuCli] (3.1¢) < [L%GdCL] (3.1d)
which signifies the formation of the complexes of lanthanide with curcumin-
thiosemicarbazone ligand (L) which is in the same order of the electronegativity in the

periodic table.

Table 3.3. UV-Vis spectral values of Curcumin-thiosemicarbazone Ligand (L?) and its
Lanthanide Complexes (3.1a-d).

c | DMSO DMF MecOH 1,4-Dioxane
ompoun Amax(2.11) Anax(@.1)  Amax(@.l) Amax(2.11)
Curcumin- 336.35 332.70 328.80 327.75
thiosemicarbazone(L?) (0.8142) 0.7821)  (0.6412) (0.4676)
) 338.05 334.15 329.05 328.80
[L5PrCli] (3.1a) (0.9411) (0.8396)  (0.7096) (0.5043)
) 338.05 334.15 329.15 328.90
[L5NdCL] (3.1b) (1.4365) (1.0839)  (0.8688) (0.6820)
) 338.40 335.60 329.85 328.95
[L5EuCL] (31¢) (1.5869) (14734)  (1.3518) (1.2689)
338.40 333.40 329.80 328.65

[L%GdCL,] (3.1d) (1.9962) (1.7611)  (1.5935) (1.3746)
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3.3.3. Fluorescence Spectral Characterization Studies
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Figure 3.9. Fluorescence spectra of Curcumin-thiosemicarbazone Ligand (L*) and its
Lanthanide Complexes (3.1a-d) in different solvents.

The photoluminescence spectra of the curcumin-thiosemicarbazone ligand (L) and its
lanthanide(III) complexes (3.1a-d) were recorded in DMSO, DMF and MeOH medium at
concentration of 1x10 M. As the absorption coefficients of the lanthanide complexes are
larger than the organic ligand, the lanthanide ions plays important role to enhance the
quantum yield of luminescence emission for the complexes. The differences in the
maximum absorption intensity of the complexes and the excitation wavelength showing a
red shift after complexation in all the solvents used confirmed the co-ordination nature as
well as the transfer of energy of ligand with lanthanide ions. The intensity of the higher
polarity solvents shows higher intensity and excitation wavelength. Interestingly, we
observed that the fluorescence intensity increases after complexation of curcumin-

thiosemicarbazone lanthanide complexes (3.1a-d) compared with that of free curcumin-
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thiosemicarbazone ligand (L?). With the increase in the electronegativity of the lanthanide
metals in the periodic table the intensity of the complexes increase as curcumin-
thiosemicarbazone (L*) < [L*PrCls] (3.1a) < [LNdCls] (3.1b) < [L%EuCly] (3.1¢) <
[L*;GdCl5] (3.1d). The Quantum yield of the Curcumin lanthanide complexes (1-4)
compared to the free ligand curcumin-thiosemicarbazone (L?) also gives the same
ascending orders as that of the intensity of the florescence spectra as revealed in Figure
3.9 and Table 3.4. The higher the quantum yield of luminescent, the higher the sensitivity
of the applications and so [L*3GdCls] (3.1d) may have higher potentiality than that of the

other complexes and the curcumin-thiosemicarbazone.

Table 3.4. Florescence Spectra and Quantum yield for Curcumin-thiosemicarbazone
Ligand (L?) and its Lanthanides Complexes (3.1a-d).

Compound Solvent Emission Excitation Intensity Quantum

(nm) (nm) (a.u) Yield (@)
Curcumin- _ DMsO 42 370 12739.9  0.0024
thiosemicarbazone (L) /1 417 373 8761.4 0.0017
MeOH 400 355 2546 0.0010
[L2,PrCls] (3.1a) DMSO 424 367 146523 0.0099
DMF 418 376 10865.1  0.0036
MeOH 400 355 3512 0.0022
[L2NACls] (3.1b) DMSO 423 370 199614 0.0058
DMF 417 368 11649 0.0023
MeOH 400 355 4317.1 0.0019
[L%EuCl] 3.1¢) DMSO 421 369 245294 0.0038
DMF 417 364 19558.9  0.0020
MeOH 400 355 5083.6 0.0018
[L%GdCL] (3.1d) DMSO 420 366 274062 0.0034
DMF 417 366 238024  0.0018

MeOH 400 355 7651.1 0.0011
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3.3.4. Thermogravimetric Analysis
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Figure 3.10. TGA curve for Curcumin-thiosemicarbazone Ligand (L?) and its Lanthanide
Complexes (3.1a-d).

Thermogravimetic analysis (weight change) were recorded at 10°C/minute at a
temperature range from 29°C to 900°C under nitrogen atmosphere in order to study the
thermal behaviour of curcumin-thiosemicarbazone (Lz) and its lanthanide(IIl) complexes
(3.1a-d) at different temperatures. The thermal stability of the complexes were specified
by the ligand to a great extend and at an average temperature the decomposition of the
lanthanide complexes begins step by step and yield a residue of metal complexes even at
high temperature showing its thermal stability. From the obtained TGA curve the weight
loss of the free ligand and the metal complexes at different temperature were analyzed
experimentally and theoretically. The typical thermograms of the curcumin-
thiosemicarbazone and its lanthanide complexes [L%PrCls] (3.1a), [L*3NdCL] (3.1b),
[L%EuCli] (3.1c¢), and [L*GdCl;] (3.1d) are represented in Figure 3.10 and the detail
decomposition of the compounds with respect to the temperature is tabulated in Table 3.5.

The first decomposition of the curcumin thiosemicarbazone (L*) was observed at

temperature between 30°C-94°C with weight loss of 43.18%. Followed by second
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decomposition of 23.91% weight loss at temperature between 94 °C-266 °C and the third
decomposition at temperature ranging between 266 °C-369 °C, finally with complete
decomposition at 547 °C.

While those of the curcumin-thiosemicarbazone lanthanides complexes (3.1a-d)
showing five stages of decomposition with the left residue supporting the content of metal
for every end of the decomposition curve. In all the complexes the decomposition starts
with 18%-19% of weight loss with a temperature range between 30°C-150°C,
decomposition of the complexes continue till the fourth stage at around 530 °C-555 °C
corresponding to the molecules of the organic ligand and shows its thermal stability
thereafter with a residue of metal alone with the nitrogen and sulphur of the ligand

coordinated to it.
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Table 3.5. Thermo gravimetric analysis of the Curcumin-thiosemicarbazone Ligand (L*) and its Lanthanide Complexes (3.1a-d).

o Weight Loss (%)
Compound Temperature (° C) (Experiment/Theoretical) Decomposed Compound
Curcumin-thiosemicarbazone (Lz) 30.00 — 94.82 43.18 % /43.97% 2 (OCHj;), 2 (OH), C¢H; and NH,
94.82 —266.48 23.91% /23.64% C¢H;-CH=CH and CH,

[L*;PrCls] (3.1a)

[L%:NCL] (3.1b)

[L%EuCli] (3.1¢)

[L%GdCls] (3.1d)

266.84 —369.99
369.99 —547.71

30.00 — 137.82

137.82 - 304.24
304.24 — 448.77
448.77 — 543.20

30.00 - 109.15

109.15 - 276.46
276.46 —375.22
372.22 - 537.18

30.00 — 108.84

108.84 —290.65
290.64 — 382.09
382.09 —553.21

30.00 -119.13

119.13 —204.11
204.11 -411.32
411.32 -530.11

13.31%/ 13.71%

19.60% /19.14%

19.50% / 19.41%
13.47% / 1307%
28.03% / 28.46%
10.46% / 10.36%
28.54% / 28.86%

18.39% / 18.97%
22.49% /22.92%
16.48% / 16.73%
13.66% / 13.10%
28.00% / 28.52%
19.99% / 19.27%
24.19% / 24.59%
13.86% / 13.18%

12.41% /12.19%

29.53% /29.04%
17.23% /17.70%
5,16% /5.09%

28.27% / 28.85%
16.01% / 16.85%
33.33%/32.50%

CH=CH and S
2N and 3C

6 (OCH;)and 6 (OH),

2 (C6H3) and 3 (NHz)

2 (C6H3-CH) and 2 (C6H3)

2 (CH-CH) and 3 CI

3 (N-N-C-S), 3 (C-CH-C) and Pr
6 (OCHs) and 6 (OH),

4 (C6H3) and 3 (NHz)

2 (C¢Hs-CH) and 6 (CH)

2 (CH-CH),CH and 3 Cl

3 (N-N-C-S), 6 C and Nd

6 (OCH;) and 6 (OH),

5 (CeHs)

3 (NH,) 2(C¢H;-CH) and 5 (CH)
3(CH-CH),3H and 3 CI

3 (N-N-C-S), 6 C and Eu

6 (OCH;) and 5 (OH),

(C()H3) and 3H

3 (NH2 ), 5 (C6H3) and OH
4(CH-CH),3c and 3 Cl

3 (N-N-C-S), 3C and Gd

83
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3.3.5. Chemical Kinetic and Thermodynamic Studies
A chemical reaction is lead by stretching, bending and ultimately breaking of bonds
when molecules collide and the kinetic energy of the molecule is utilized. The minimum
energy required for a chemical reaction to occur is called activation energy (Ea).?® Or it is
the difference between the threshold energy and the activation energy of the reactant
molecule. Considering the Arrhenius Equation, the activation energy of the chemical
reaction can be evaluated.”’
Which is represented as: k = AeFRT (1)
Where A= frequency factor or the pre exponential factor, T= temperature, R= universal gas
constant, Ea= activation energy and k= rate constant.
Applying the Arrhenius rate equation the activation energy (Ea) of the complexation of
curcumin lanthanides complexes were evaluated by plotting log k (k= rate constant)
against 1/T x107
Ea = Slope x 2.303 x R (2)
Using Van’t Hoff plot of log k against 1/T, the thermodynamic parameters for the
complexation were calculated.”®
Ink = ===+ AS°R
Or Ink = —AG°RT 3)
Experimentally the studies of chemical dynamics have been performed by recording the
pH value of curcumin-thiosemicarbazone lanthanides complexes; [L*PrCly] (3.1a),
[L*NdCL] (3.1b), [L%EuCls] (3.1¢) and [L%GdCls] (3.1d) at different temperatures for a
time interval of 10 minutes in ethanol medium which is shown in Table 3.6 and a plot of
pH against time were plotted (Figure 3.11, 2.13, 2.15 and 2.17 )in order to analyze the rate
of the reaction or complexation at different temperature (288K, 298K, 308k, 318K and
328K) utilizing which the activation energy (Ea) were evaluated plotting the graph of Log
k against 1/T x 10° . From Table 3.6 we can see that the pH values of the complexes
increase with increase in temperatures and time intervals in all the cases which show that
the rate of the complexation (k) of curcumin with the lanthanide in the formation of
complexes in ethanol medium increases as shown in Table 3.7, 3.9, 3.11 and 3.13
respectively which is inconsistent with the theoretical prediction of Arrhenius. The
intercepts of the plot log k versus 1/T x 10” provide the frequency factor or the pre
exponential factor (A). From the values of the activation energy (Ea) as tabulated in Table

3.7, 3.9, 3.11 and 3.13, the negligibly low value of Ea signified that the reactions involved
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are fast ones. Observing the value of activation energy, evaluated from the graph, the order
of the increasing rate in the formation of complexes are in the sequence [L*;PrCls] (3.1a) <
[L%NdCL] (3.1b) < [L3EuCls] (3.1¢) < [L3GdCL] (3.1d).

From the Van’t Hoff plot of In k against 1/T,(Figure 2.12, 2.14, 2.16 and 2.18) the
thermodynamic parameters such as Enthalpy change (AH®) entropy change (AS°) and
Gibbs free energy change (AG®) of the complexation of [L23PrC13] (3.1a), [L23NdCl3]
(3.1b), [L:EuCl] (3.1¢) and [L%GdCls] (3.1d) were evaluated which are tabulated in
Table 3.8, 3.10, 3.12 and 3.14. The negative value of the Gibbs free energy change (AG®)
indicates that the reaction is a spontaneous and also favourable one associated with the
positive values of Enthalpy change (AH) revealing the complexation as endothermic one

and the entropy change (AS°) value as the reaction to be entropy driven.



Chapter 3

Synthesis of Curcumin-thiosemi... 86

Table 3.6. pH value of the Curcumin-thiosemicarbazone Complexes (3.1a-d) at different
temperature with 10 minutes of time interval.

Compound Temperature pH at different time interval (minutes)
°C 0 10 20 30 40 50 60
[L%PrCl5] (3.1a) 15 228 232 235 238 240 243 245
25 237 242 244 246 248 253 258
35 243 247 250 253 257 260 2.63
45 245 250 254 256 260 @ 2.63 2.67
55 252 256 259 262 268 271 275
[L*NdC1;](3.1b) 15 223 228 234 237 239 241 245
25 225 229 235 238 240 247 249
35 227 232 238 241 247 249 253
45 238 241 249 257 260 263 2.65
55 242 248 253 259 262 267 273
[L*;EuCl;](3.1¢) 15 337 343 348 353 358 3.6 3.62
25 342 345 352 3.60 366 368 3.70
35 350 359 3.66 3770 3.75 379  3.83
45 363 371 379 385 387 393 397
55 378 384 392 396 4.03 4.09 4.12
[L*GdCl3](3.1d) 15 410 413 419 423 429 431 433
25 422 426 428 434 44 442 448
35 431 436 439 444 448 454 459
45 441 444 449 451 457 465 4.0
55 445 451 458 462 468 473 475
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Figure 3.11. Plot of pH and time (10 minutes) for complexation of [L*PrCls] (3.1a) at
different temperatures.
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Table 3.7. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and
Activation energy (Ea) of [L%:PrCl;] (3.1a).

Activation
Temperature 1. 4n3 Rate(k) Rate(k)
K UTK x10 Mol L'Min" | Mol L s x10° | 108K E“e(r%)(Ea)
288 3.47 0.12317 2.05283 0.31235
298 3.35 0.15893 2.64883 0.42305
308 3.24 0.16541 2.75683 0.44040 0.00812
318 3.14 0.17345 2.89083 0.46102
328 3.24 0.19788 3.29800 0.51825
0.55 o
Slope =-0.42415
0.50
0.45 o -
! | .
3
0.40
0.35 o
0.30 '
3.0 I 311 I 312 I 3?3 I 3?4 I 315 I 316

1/Tx10”
Figure 3.12. Plot of log k versus (1/T)x107 for the complexation of [L%PrCls] (3.1a) in
EtOH.

Table 3.8 Rate (k) and Thermodynamics parameter of the complexation of [L*PrCls]
(3.1a) at different temperature.

Temperature Rate(k) AH’ AS° AG’
(K) Mol L S'x107 (kJmol™) | (JK' mol?) (kJmol™)
283 2.05283 0.00600 1172331
298 2.64883 0.00812 -2.41507
308 2.75683 0.00812 0.00845 -2.59844
318 2.89083 0.00885 -2.80837
328 3.29800 0.00994 -3.25623
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Figure 3.13. Plot of pH and time (10 minutes) for the complex [L%NdCL] (3.1b) at

different temperatures.



Chapter 3

Synthesis of Curcumin-thiosemi... 90

Table 3.9. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and

Activation energy (Ea) of [L*;NdCls] (3.1b).

Activation
Temperature 1 3 Rate(k) Rate(k)
K UTKEX107 | i Min? | Mol L s'x 107 | o8k E“e(rlgg])(Ea)
288 3.47 0.19109 3.18483 0.50308
298 3.35 0.23251 3.87516 0.58828
308 3.24 0.24549 4.09150 0.61118 0.00747
318 3.14 0.27999 4.66650 0.66899
328 3.04 0.28075 4.67916 0.67016
0.70 4
\ Slope = -0.39022
L] ]
0.65
0.60
- "
S
0.55
0.50 u
3.0 3?1 I 3?2 3.I3 I 3!4 3!5 I 3!6
UTx10°

Figure 3.14. Plot of log k versus (1/T)x107 for the complexation of [L%NdACL;] (3.1b) in

EtOH.

Table 3.10. Rate (k) and Thermodynamics parameter of the complexation of [L%NdCLs]
(3.1b) at different temperature.

Temperature Rate(k) AH’ AS° AG’
(K) Mol L S'x 107 (kJmol™) (JK ! mol™) (kJmol ™)
288 3.18483 0.00965 277561
298 3.87516 0.01128 -3.35838
308 4.09150 0.00747 0.01173 -3.61020
318 4.66650 0.01283 -4.07526
328 4.67916 0.01285 -4.21070
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Table 3.11. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and

Activation energy (Ea) of [L*;EuCls] (3.1¢).

Activation
Temp;:(r ature UTK!x10? Moll{it'f(li(/l)in'l Mollii_llt es(ll())( 10° Log k Ene;‘lgg] )(Ea)
288 3.47 0.30209 5.30348 0.72456
298 3.35 0.35326 5.88766 0.76994
308 3.24 0.35496 5.91600 0.77200 0.00259
318 3.14 0.36017 6.00283 0.77835
328 3.04 0.37143 6.19061 0.79173

0.80 4

0794 ™ Slope =-0.1357

0.78 o
0.77 o

0.76 o

Logk

0.75 o
0.74 o
0.73

0.72
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3.0 3.1 3.2 3.3 34 3.5
UT x10°

36

Figure 3.16. Plot of log k versus (1/T)x10 for the complexation of [L*%EuCls] (3.1¢) in

EtOH.

Table 3.14. Rate (k) and Thermodynamics parameter of the complexation of [L%EuCli]

(3.1c¢) at different temperature.

Temperature Rate(k) AH’ AS° AG’
(K) Mol L' S'x 107 (kJmol) | (JK' mol™) (kJmol™)
288 5.30348 0.01388 -3.99757
298 5.88766 0.01475 -4.39537
308 5.91600 0.00259 0.01478 -4.55494
318 6.00283 0.01491 -4.74144
328 6.19061 0.01516 -4.97454
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Figure 3.17. Plot of pH and time (10 minutes) for the complex [L*GdCl;] (3.1d) at

different temperatures.
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Table 3.13. Rate (k) at different temperature; i.e. 288K, 298K, 308K, 318K, and 328K and
Activation energy (Ea) of [L%GdCls] (3.1d).

Activation
Temperature 1 3 Rate(k) Rate(k)
K UTKEXI0 ) pol L Min? | Mol L' sx 10° | T0gK E“eagg])(Ea)
288 3.47 0.30949 5.15816 0.71249
298 3.35 0.31949 5.32483 0.72630
308 3.24 0.32839 5.47311 0.73820 0.00216
318 3.14 0.33838 5.63966 0.75125
328 3.04 0.34556 5.75933 0.76000
0.77 4
0.76 o
Slope =-0.11315
0.75 4
o, 0744
S
0.73 H
0.72 4
0.71 4
3.0 I 3!1 I 3?2 3I3 I 3?4 I 3?5 3?6

T x10°

Figure 3.18. Plot of log k versus (1/T)x10~ for the complexation of [L*GdCls] (3.1d) in

EtOH.

Table 3.14. Rate (k) and Thermodynamics parameter of the complexation of [L%GdCls]
(3.1d) at different temperature.

Temperature Rate(k) AH’ AS° AG’
(K) Mol L $'x 107 (kJmol™) (JK' mol™) (kJmol™)
288 5.15816 0.01364 -3.93098
298 5.32483 0.01391 -4.14624
308 5.47311 0.00216 0.01414 -4.35552
318 5.63966 0.01439 -4.57636
328 5.75933 0.01455 -4.77518
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3.4. Conclusion

In conclusion, we report the novel synthesis of curcumin thiosemicarbazone (L?) and
its lanthanide complexes (3.1a-d). All the synthesized curcumin thiosemicarbazone
lanthanide complexes were well investigated for their various spectroscopic studies. The
IR spectra of all complexes were found that there is a chelate band shift and formation of
new band in complexes comparing with that of free curcumin thiosemicarbazone ligand
which confirm the complexation. The UV-Vis absorption spectra of the complexes
increases with the increase in the polarity of the solvents and found that the absorption
bands move toward higher wavelength indicating bathochromic shift or the red shift in all
the curcumin thiosemicarbazone lanthanide complexes. Interestingly, the fluorescence
spectroscopic studies were found that after complexation the intensity of the emission
spectra increases comparing with that of free curcumin thiosemicarbazone ligand. The
negligibly low value of Ea signified that the reactions involved are fast ones. The negative
value of the Gibbs free energy change (AG®) indicates that the reaction is a spontaneous
and also favorable one. Positive values of Enthalpy change (AH®) shows the complexation
is endothermic one and the entropy change (AS°) value shows the reaction is entropy

driven.
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Chapter 4

Synthesis of Curcumin-pyrazole Lanthanide (Pr’*, Nd**, Ev’" and Gd™")
Complexes and Investigation of their Spectroscopic Studies

Abstract

A series of new lanthanide complexes [LnCls.xH,0:(L%);] (where; L¥*=curcumin-
pyrazole and Ln = Pr’", Nd**, Eu’" and Gd®>") have been synthesized in ethanol under
reflux conditions for 24 hours. The synthesized curcumin-pyrazole lanthanide complexes;
[L5PrCl;-H,0] (4.1a), [L*3NdCl3-6H,0] (4.1b), [L*sEuCly-6H,0] (4.1¢), [L*3GdCl3-6H,0]
(4.1d) were characterised by elemental analysis, IR, UV-Vis, fluorescence and TGA. The
formations of the nona-coordinated lanthanide complexes have been detected through
elemental analysis. In IR-spectra, the formation of the new band at 460 cm™ has been
assigned to the metal-nitrogen stretching vibration which has conveyed that nitrogen atom
of the ligand is being co-ordinated to the lanthanide. Absorption intensity as well as
luminescence properties of the synthesized complexes were analysed through UV-Vis and
fluorescence spectra. The percentage weight loss of the complexes was studied with TGA
analysis. Further the quantum vyields of the curcumin-pyrazole ligand (L3) and its

lanthanide complexes (4.1a-d) have been analyzed.

4.1. Introduction

For decades Pyrazole and its derivatives have been attracting many researchers for
their diverse properties and application. Traditionally they are used as basis for drug and
dyes and with the further studies they were found to be an intermediate for the synthesis of
organic compounds.1 Pyrazoles posses varied biological activities as antifungal, antitumor
and antiviral activities as a result of their varied bonding capabilities. The coordination
chemistry of pyrazoles has been intensively investigated as Lanthanide chelate.” The
synthesis of pyrazole is the on-going attention due to their remarkable applications in
pharmaceutical and agrochemical industry. Pyrozole is also well known for its role as anti-
inflammatory.”® Pyrazole are stable thermally and hydrolytically. When they are
coordinated to metal to form complexes, they deprotonated to form pyrozolite ion and can
coordinated to the metal or metalloid ion through both the nitrogen atoms as bidentate
ligand.”

Pyrazole itself have many potentialities but when they react with other compound,

produce more numerous applications in various field; pharmacy, agro-chemical, dyes for
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food and medicine, colour photography, drug development, catalyst or ligand in organic,
inorganic and organometallic reactions as they possessed multiple potentiality such as
pharmacophore, anti-cancer, anti-viral, anti-bacterial, anti-microbial, anti-allergy, anti-
inflammatory, anti-glycemic chemosensors, corrosion inhibitor, bio-degradable polymer,

building blocks for other compounds.®"?

One of the most studied pyrazole derivatives are
the curcumin containing pyrazole ring and when this are investigated alone with the
various curcumin derivatives, the curcumin based pyrazole showed better biological

activity than the parent curcumin.'*"®

Looking into the multiple applications of the
pyrazole and its complexes some of the recent indagation are mention below.

With the increasing cases of cancer with almost 8% death rate (WHO World Cancer Report
2014), M. J. Ahsan and collaborator in 2015 synthesized curcumin derivative containing
pyrazole ring (Scheme 4.1) which possessed anti-proliferative activity. The synthesized
compounds were characterized with different spectral datas; IR, NMR, and mass. The
docking studies show its binding interaction with the epidermal growth factor receptor
tyrosine kinase. Against the Leukemia cell 3,5-bis(4-hydroxy-3-methylstyryl)-1H-

pyrazole-1-carboxamide was found to have better activity when compared with the

standard drug pacli‘[axel.17
0]
)l\ NH,
0O 0 N—N -

|
0 N 7 0N AcOH 0 NSNS 0N
O O + NH,C(=0)NHNH,———>
HO OH EtOH / Reflux 12h HO OH

Curcumin
3,5-bis(4-hydroxy-3-methylstyryl)-1H-pyrazole-1- carboxamide

Scheme 4.1. Synthesis of 3,5-bis(4-hydroxy-3-methylstyryl)-1H-pyrazole-1-carboxamide.

As the metal-organic frameworks (MOFs) has become an encouraging field due to
its potentiality as an optical materials, catalyst and energy storage. Organic ligands with
good building blocks in structuring MOFs play an important role in the coordination. J. Liu
et al. (2016) derived metal complexes containing pyrazole ring. The synthesized
complexes were investigated for crystal structure, luminescence properties and electrolytic
properties. At room temperature the complexes were found to exhibit green florescence
and they were found to have outstanding catalytic activity for oxygen evolution and
oxygen reduction reactions.'® A mono and binuclear Cu(Il) complexes were synthesized

(Scheme 4.2) and reported by Wenjing ye and group in 2017 which exhibit an
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unsymmetrical bipyridine-pyrazole-amine as a ligand. The complexes were characterized
by X-ray diffractions and the transition metal complexes were found to possessed an
excellent catalyst activity further studies shows their potentiality for preparation of

biological compound."’
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Scheme 4.2. Synthesis of Copper(Il) complexes.

For the past few years the detection of the metal in the environment has become a
concern as it is threat to living organism and human health and with its application of
chemical sensor has become an interest. N. Nayak and co-worker in 2018 synthesized and
reported two pyrazole Cu(Il) complexes exhibiting an excellent colorimetric sensor for the
detection of Cu®" ions. Spectral data were analyzed by different spectroscopic methods and

proposed a structure for the complexes (Figure 4.1).%°

HOW _ X ) \N\A‘WOH

N—N

\ O
\ /N’N N
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Figure 4.1. Proposed Structure of Cu(Il) complexes.
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Azo-dyes, an organic compound with chromophoric group plays an important role
in industries as color agent and is one of most rapidly developing area of studies as it
exhibits multiple applications in various disciplinary. M. N. Matada and K. Jathi in 2019
gave an account on the synthesized embryonic bioactive agents of Pyrazole-based azo-
metal(Il) complexes. The transition metal complexes were characterized by different
spectral and physical approach and studied their anti-microbial activity, showing an
increase in activity on coordinating with the metal ions. The DNA binding studies also

shows a potent binding quality.*'

o) \
\ Ph
Ph— N N\\\ N

CH,
CH; H,C

M = Cu(II), Co(IT), Ni(II), Mn(IT) and Zn(II)

Figure 4.2. Structure of the Pyrazole-based Azo-metal(IT) Complexes.

K. Kumarasamy et al. (2020) synthesized a series of pyrazole and pyridine and their
cyclometalated complexes as this variety of complexes mainly complexes of palladium(II)
and platinum(II) are attracting the interest of the researcher now days as they can act as the
backbone of the catalytic means. The synthesized ligand and complexes (Figure 4.3) were
specified by different spectroscopic approach such as the NMR, Mass, FT-IR, UV-Vis and
elemental analysis. On examining the structure of the compounds with X-ray
crystallography the bond length of the ligand was found to be shorter when compared with
the coordinated complexes. After the coordination of the ligand and the metal, a red-shift

was notice in UV-Vis spectra.”
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Figure 4.3. Structure of the Pyrazole possessing C, N, N ligand (i and ii) and its
Cyclometalated Complexes (iii, iv and v).

Fluorescent substance with multiple application and quantum yield has become one
of the main focuses for the researchers and so, C. Amoah et al. 2021 has synthesized a
complex of palladium metal of pyrazole ligand and specified them with various spectral
methods. On addition of the Pd*"ions, there is depletion in quantum yield and intensity of
the florescence which gives it potentiality to be used as a probe in fluorogenic and for the
identification of substances in biological system.”> A synthesis of Metal complexes of
Co(IT) and Ni(II) with N, S donor of pyrazole derivatives were reported by B. Saltani and
fellow worker. All the synthesized complexes were features by spectroscopic methods,
crystal structure and physicochemical. Coordination geometry of a square planner for both
the complexes found through X-ray crystallography was reported. The complexes were
found to have an excellent anti-bacterial activity.24

J. Khanagwal et al. (2020) reported four europium(IIl) complexes (Figure 4.4) of
carboxylate ligand, 1-(4-methoxyphenyl)-5-(trifluoromethyl)-1H-pyrazole-4-carboxylic
acid, bathophenanthroline and 1,10-phenanthroline and 2,2-bipyridyl which were
synthesized and look into their thermal stability, emission intensity, quantum efficiency,

Judd-ofelt parameters, their energy transfer process. The complexes show potentiality for
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devices such as display, laser, luminescent and they also shows anti-microbial and anti-

oxidant activity.25
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Figure 4.4. Chemical Structures of Ligand in Coordinated to Europium(III) ion.

Coordination polymer is considered as one of the most beneficial material as they
shows extensive spectrum of potentiality. D Vlasyuk and R. Lyszczek in 2021 giving
consideration to the applications synthesized and distinguished a series of coordination
polymer of pyrazole by-product with some selected lanthanide(III) ions. Mechanochemical
and hydrothermal process was implies for the reaction of the complexes and outlined that
the complex synthesized from the hydrothermal process were found to be more stable
thermally. Degradation of the complexes were found to produce not only H,O and CO, but
also pyrazole molecule and so the lanthanide complexes decomposition can be used as a
catalyst impact on pyrazole molecule.*®

Such important activities of pyrazole and its complexes caught us to synthesis
curcumin-pyrazole and utilize it as ligands with Lanthanides which have several unique
characteristic properties compared to other elements; since the f-orbital’s are filled
gradually they have varied coordinating capacities and specify its spectroscopic, physico-

chemical and thermally.

4.2. Experimental
4.2.1. Materials and Methods

All the reagents and solvents were purchased from commercially available sources
and used without further purification. FTIR spectra of the curcumin ligand and its

lanthanide complexes were recorded on Perkin-Elmer spectrophotometer (Spectrum-Two)
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using KBr disk and values are expressed in cm™. Micro analytical (CHN) data were
obtained with a FLASH EA 1112 Series CHNS analyzer. UV-visible spectrophotometer
(Double Beam) Perkin Elmer, Lambda-35 is used for recording the absorption bands of the
curcumin ligand and its lanthanide complexes. All fluorescence emission spectra of
curcumin-pyrazole ligand and its lanthanide complexes were recorded using fluorescence
spectrophotometer Shimadzu RF-6000 which is followed by the evaluation of their
quantum yields. The TGA-DTA measurements of curcumin ligand and its lanthanide
complexes were performed on a Perkin-Elmer analyzer in air over the temperature range of

25-900°C.

4.2.2. Synthesis of Curcumin-pyrazole Ligand (L

Solution of curcumin [1,7-bis(4-hydroxyl-3-methoxypheny)l-1,6-heptadiene-3, 5-
dione] (0.368g,1mmol) in ethanol medium was kept with continuous stirring in a magnetic
stirrer. Then to the reaction mixture was added hydrazine hydrate (0.050g, 1 mmol) and
catalytic amount of acetic acid. The process of the reaction was monitor using thin layer
chromatography. The reaction mixture was clear bright orange in colour on addition of the
acetic acid which turns to dark orange after 30 minutes of refluxing and on continuing the
reaction it turns to dark brown solution. After the completion of the reaction the solvent
was allowed to evaporate completely giving a sticky compound to which crushed ice were
added forming a pale yellow compound which was collected through normal filtration and

air dried after several washing with ice cold water (Scheme 4.3) 2

O O
€0 = = OCH; Acetic Acid
+ N2H4, HZO
EtOH / Reflux (24 h)
HO o
Curcumin Hydrazine hydrate

N—NH
H,CO : oA ‘ OCH,
HO OH
Curcumin-pyrazole (L?)

Scheme 4.3. Synthesis of Curcumin-pyrazole Ligand (L?).
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4.2.3. General Synthesis of Curcumin-pyrazole Lanthanide(Ill) Complexes
[L*;LnCl;xH,0] (4.1a-d)

The complex of the lanthanides were synthesized by taken curcumin-pyrazole (3
mmol) in ethanol medium (5 ml) in a round bottom flask at 100°C to it was added
LnCls-xH,0; (where; Ln = Pr’*, Nd**, Eu’" and Gd’") (1 mmol). To the reaction mixture
was added catalytic amount of triethylamine (Et;N) and was kept for refluxing for 24
hours. After which the reaction was allowed to evaporate the solvent completed on
evaporation the reaction mixture form dark brown sticky compound which was washed
with hexane for several time giving a greenish colored compound which was collected
trough filtration. The complexes [L*sPrCly'H,0] (4.1a), [L*3NdCls-6H,0] (4.1b),
[L*3EuCly'6H,0] (4.1¢), [L*5GdCl3-6H,0] (4.1d) were allowed to air dried (Scheme 4.4).

N—NH

H;CO NAAF OCH; Et;N / EtOH
O O + Ln(IIHCl;-xH,O
HO oH . Reflux (24 h)

Curcumin-pyrazole (L?) Ln=Pr’*, Nd*, Ev*" and Gd**

Curcumin-pyrazole Lanthanide Complexes (4.1a-d)

Scheme 4.4. Synthesis path way of curcumin-pyrazole lanthanide complexes (4.1a-d).

4.3. Results and Discussion

In this chapter, we reported a synthesis of curcumin-pyrazole lanthanide complexes
(4.1a-d). The ligand curcumin-pyrazole (L*) was prepared from a reaction of curcumin and
Hydrazine hydrate with a catalytic amount of CH3COOH in ethanol and reflux for a day
which was then used as a ligand (L*) and curcumin-pyrazole lanthanide metal complexes
were then synthesized with selected lanthanide metal chlorides (LnCl;-xH,0; Ln = P,

Nd**, Eu®" and Gd*) in 3:1 ratio in presence of catalytic amount of Et;N in ethanol and



Chapter 4 Synthesis of Curcumin-pyra... 108

reaction mixture was kept under reflux condition for 24 hours. The solvent was completely
evaporated by removing the condenser after 24 hours of refluxing. The yielded solid which
was collected through filtration and the washed with hexane for several times and is
allowed to air dried and then collected. The synthesized solid curcumin-pyrazole
lanthanide complexes (4.1a-d) were stable at room temperature, which were characterized
for various spectroscopic properties. The resulting curcumin-pyrazole lanthanide
complexes were well studied for FT-IR spectroscopy, UV-Visible spectroscopy,
Fluorescence spectroscopy, TGA-DTA analysis and elemental analysis. Tables 4.1
represent the physico-analytical data of free curcumin-pyrazole ligand (L*) and curcumin-

pyrazole lanthanide complexes (4.1a-d).

Table 4.1. Physico-chemical properties of Curcumin-pyrazole ligand (L?) and its
Lanthanide Complexes (4.1a-d).

Compounds Yield Color CHN Analysis (%) Found(calculated) '
(%) Carbon Hydrogen Nitrogen

Curcumin-pyrazole 98.93%  Light Brown 66.17 5.58 7.62
(LY (66.06) (5.53) (7.69)
[L*,PrCl;"H,0] 93.47%  Brown 55.36 5.08 6.21
(4.1a) (55.45) (5.02) (6.16)
[L’;NdCl; 6H,0] 86.57%  Brown 51.85 532 5.81
(4.1b) (51.90) (5.39) (5.76)
[L*sEuCl;6H,0] 56.00%  Brown 51.72 5.31 5.78
(4.1¢) (51.63) (5.36) (5.73)
[L’;GdCl; 6H,0] 82.11%  Dark Brown 51.32 5.29 5.78

(4.1d) (51.44) (5.34) (5.71)
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4.3.1. FT-IR Spectral Characterization Studies
4.3.1.1. FT-IR spectra of Curcumin-pyrazole Ligand (L?)

’Curcumin-pyrazole (Ls)‘
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Figure 4.5. FT-IR Spectra of Curcumin-pyrazole ligand (L*).

The FT-IR spectrum of the curcumin-pyrazole ligand (L3) (Figure 4.5 and Table
4.1), shows a peak at 3428 cm’ attributing to the OH stretching and absorption at 3325
cm™ and 3000 cm™ attributing to aromatic NH and CH. The band appears at 1638 cm™ is
due to the C=N stretching frequencies. A sharp and high intensity band at 1515 cm™
corresponds to the C=C stretching vibrations and another characteristic band appeared at
1278 cm™ attributed to C-N stretching frequencies. The band at 1464 cm™ and 1430 cm™
indicate the aromatic C-C stretching and the bands at 1278 cm™ and 1124 cm™ correspond
to phenolic C-O stretching vibrations and a sharp band at 1032 cm™ has been assigned to
C-O of the methoxy group. Vibrations band of C-H bond is observed at 955 cm™ and 812

em™.
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4.3.1.2. FT-IR Spectra of Curcumin-pyrazole Praseodymium Complex
[L*:PrCl;-H,0] (4.1a).

[L*,PrCI1.6H,0] (4.1a)
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Figure 4.6. FT-IR spectra of Curcumin-pyrazole Praseodymium Complex [L*sPrCl;-H,0]
(4.1a).

The FT-IR spectra characterization of curcumin-pyrazole praseodymium complex
[L*5PrCl;-H,0] (4.1a) (Figure 4.6 and Table 4.1) shows that the OH stretching at 3428
cm” which was appeared in the free ligand shifted to a lower wavelength at 3362 cm™
along with a new band at 3193 cm™ which form into a broader band after complexation
showing the presence of H,O in the complex. The prominent bands appeared in the free
curcumin-pyrazole ligand indicating the mixed vibrations of C=C and C=N stretching at
1607 cm™ and 1515 cm™ were completely shifted to lower frequencies values at 1595 cm™
and 1513 cm™ and the band at 1638 cm™ shifted to higher wavelength 1640 cm™. The
shifting of the bands in the complex IR spectra is strongly signifying that the
praseodymium metal coordinate to curcumin-pyrazole ligand. The band at 3325 cm™ and
3000 cm™ indication the mixed vibration of N-H and C-H in the ligand shifting to a lower
frequency at 3321 em™ and 2999 cm™ and the appearance of a new band at 460 cm™
assigning to the M-N stretching vibrations which was not found in the spectra of free

ligand (L), clearly suggests that the nitrogen atoms of the ligand are coordinating to the
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lanthanide metal leading to the formation of praseodymium lanthanide complex with the

curcumin-pyrazole ligand.

4.3.1.3. FT-IR Spectra of Curcumin-pyrazole Neodymium Complex [L*NdCl3 6H,0]
(4.1b).

[L’NdC1.6H,0] (4.1b)]
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Figure 4.7. FT-IR Spectra of Curcumin-pyrazole Neodymium Complex [L*sNdCls'6H,0]
(4.1b).

Analyzing the FT-IR spectrum of curcumin-pyrazole neodymium complex
[L*sNdCl3'6H,0] (4.1a) (Figure 4.7 and Table 4.2) shows that the band at 3428 cm™
assigning to OH stretching which appeared in the free ligand at shifted to a lower
frequency at 3368 cm™ in conjunction with a band at 3209 cm™ forming into a broader
band after complexation which showing the presence of H,O in the complex. The
prominent bands appeared in the free curcumin-pyrazole ligand (LY indicating the mixed
vibrations of C=C and C=N stretching at 1607 cm™ and 1515 cm™ were completely shifted
to lower frequencies values at 1595 cm™ and 1514 cm™ and the band at 1638 cm™ shifted
to higher wavelength 1639 cm™. The shifting of the bands in the complex IR spectra is
strongly signify that the praseodymium metal coordinate to curcumin pyrazole ligand. The

band at 3324 cm™ and 2998 cm™ indicating the mixed vibration of N-H and C-H shifted to



Chapter 4 Synthesis of Curcumin-pyra... 112

a lower frequencies which was shown at 3325 cm™ and 3000 cm™ in the free ligand and
the appearance of a new band at 460 cm’ attributing to the M-N stretching vibrations
which was not found in the spectra of free ligand (L?), clearly suggests that the nitrogen
atoms of the ligand are coordinating to the lanthanide metal leading to the formation of

neodymium lanthanide complexes with the curcumin pyrazole ligand.

4.3.1.4. FT-IR Spectra of Curcumin-pyrazole Europium Complex [L*;EuCl;-6H,0]
(4.1¢).
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Figure 4.8. FT-IR Spectra of Curcumin-pyrazole Europium Complex [L’;EuCls-6H,0]
(4.1c¢).

The FT-IR spectra characterization of curcumin-pyrazole europium complex
(Figure 4.8 and Table 4.2) shows that the prominent bands at 1607 cm™ and 1515 cm™
indicating the mixed vibrations of C=C and C=N stretching in the free Curcumin -
pyrazole ligand were completely shifted to lower frequencies values at 1597 cm™ and 1514
cm™ and the band at 1638 cm™ shifted to higher wavelength 1639 cm™ which strongly
signify that the europium metal coordinate to the N of curcumin-pyrazole ligand (L*). The
OH stretching at 3423 cm™ which appeared in the free ligand shifted to a lower wavelength
at 3355 cm’ along with a band at 3196 cm™ forming a broader band indicating the
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presence of water molecule in the complex. The appearance of another new band at 459
cm’ assigning to the M-N stretching vibrations and the shifting of the band at 3325 cm’
and 3000 cm™ indicating the mixed vibration of N-H and C-H in curcumin pyrazole ligand
(L% to a lower wavelength in the [L*5EuCl;-6H,0] (4.1c) clearly indicting the nitrogen
atoms of the ligand coordinating to the europium lanthanide metal leading to the formation

of europium lanthanide complexes with the curcumin pyrazole ligand.

4.3.1.5. FT-IR Spectra of Curcumin-pyrazole Gadolinium Complex [L*;GdCl;:6H,0]
(4.1d).
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Figure 4.9. FT-IR Spectra of Curcumin-pyrazole Gadolinium complex [L*;GdCl;6H,0]
(4.1d).

The FT-IR spectra characterization of curcumin-pyrazole gadolinium complex
[L3 3GdCl3-H,0] (4.1d) shows that the prominent bands appeared in the free curcumin-
pyrazole ligand indicating the mixed vibrations of C=C and C=N stretching at 1607 cm™
and 1515 cm™ were completely shifted to lower frequencies values at 1603 cm™ and 1514
cm™ and the band at 1638 cm™ shifted to higher wavelength 1641 cm™. The shifting of the
bands in the complex IR spectra is strongly signifying that the gadolinium metal coordinate
to the N of curcumin-pyrazole ligand (L*). The OH stretching at 3428 cm™ which was

appeared in the free ligand shifted to a lower wavelength at 3376 cm’ along with a band at
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3192 cm™ giving a broad band indicating the existence of water molecule after formation
of complex. The shifting of the band at 3325 cm™ and 3000 cm™ to 2981 cm™ and 2682
cm™ attributing to N-H and C-H bond and appearance of another new band at 467 cm™
assigning to the M-N stretching vibrations which was not found in the spectra of free
ligand (L?), clearly suggests that the nitrogen atoms of the ligand are coordinating to the
gadolinium lanthanide metal leading to the formation of gadolinium lanthanide complexes
with the curcumin-pyrazole. (Figure 4.9 and Table 4.2).

The results of the FT-IR spectra of all the curcumin-pyrazole lanthanide complexes

(4.1a-d) alone with curcumin-pyrazole ligand (L*) are tabulated in Table 4.2
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Table 4.2. Major FT-IR Spectral data of the Curcumin-pyrazole (L?) and its Lanthanide Complexes (4.1a-d) (cm™).

Compounds "(‘?)"}%H’ Arv CH ‘(‘C‘”;’I()NH) W(C=C) (C=N) Aro(CC) v(C-0) v(C-H) v(M-N)

Curcumin-pyrazole (I7) 3428 2937, 3325, 1638.1607, 1464, 1278, 1124 812 -
2849 3000 1514 1430

[LPrClyH,0](4.1a) 33623193 2941, 3321 1640,1595, 1462, 12771123 815 460
2681 2999 1513 1428

[L5NdCL-6H,0](4.1b)  3368.3209 2980, 3324,  1639,1595, 1462, 12771123 815 460
2682 2998 1514 1429

[LEuCL-6H,0](d.1¢)  3355.3196 2980, 3323,  1639.1597, 1462, 12771123 815 459
2681 2998 1514 1428

[L5GdCL-6H,0](4.1d) 33763192 2981, 3324, 1641,1603, 1451, 12771123 813 467

2682 2999 1514 1430
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4.3.2. UV-Vis Spectral Characterization Studies
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Figure 4.10. UV-Vis spectra of Curcumin-pyrazole ligand (L) and its Lanthanide
Complexes (4.1a) in different solvents (conc. 1x10° M).

UV-Vis spectra of curcumin-pyrazole ligand (L*) and its lanthanide complexes (4.1a-
d) in different solvents such as dimethyl-sulfoxide (DMSO), dimethylformamide (DMF),
methanol (MeOH) and 1,4-dioxane were recorded at concentration of 1x10™ M. (Figure
4.10 and Table 4.3) When ligand interacts with the metal (Ln=Pr’", Nd**, Eu’" and Gd*")
and forms complex, the metal-Ligand bond length is shortened and a strong bond is formed
there by increasing the absorption intensity of UV-Vis spectra of the complex compared to
the intensity of the absorption spectra of curcumin-pyrazole (Nephelauxetic Effect). In all
the solvents (DMF, DMSO, MeOH and 1,4-Dioxane), the intensity of the pure ligand and
complexes are in the order [L*PrCl;-H,0] (4.1a) > [L’;NdCly-6H,0] (4.1b) >
[L*sEuCly-6H,0] (4.1¢) > [L*3GdCl3-6H,0] (4.1d) > Curcumin pyrazole ligand (L*) which
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is in the same order of the electronegativity in the periodic table. This trend of sensitivity

of absorption intensity of ligand and complexes is shown in the Figure 4.10 and Table 4.3

The sensitivity of the solvents are in the order of 1,4-dioxane < DMF < MeOH < DMSO

which may be due to the polarity effect. In the entire medium used the maximum

absorption was at around 320 nm-330 nm and a shoulder band at 288 nm-300 nm except

for in MeOH medium there is no shoulder band. With the polarity of the solvent there is a

shifting in the wavelength which is due to electrostatic interaction between solvent and the

curcumin-pyrazole and its complexes, as the solvent incline to stabilized the bond causing

n-1t transition and w-m transition.

Table 4.3. UV-Vis Spectral values of Curcumin-pyrazole ligand (L?) and its Lanthanide

complexes (4.1a-d).

Compound DMSO DMF MeOH 1,4-Dioxane
Amax(@.1) Amax(@.1) Amax(a.1) Amax(@.1)
Curcumin-pyrazole 299.50(0.1926)  299.15(0.1676)  320.80  288.60(0.2155)
(L% 328.55(0.2303)  325.50(0.1794)  (0.1897) 324.35(0.1611)
[L’:PrCl3'H,0] (4.1a)  301.55(0.6061)  300.45(0.4290)  322.95  288.90(0.4649)
329.85(0.7416)  326.75(0.5018)  (0.5248) 322.70(0.4715)
[L’;NdCl5'6H,0] 302.05(0.4580)  300.85(0.3803)  322.10  289.05(0.3648)
(4.1b) 328.10(0.5514)  325.90(0.4431) (0.3902) 321.40(0.3422)
[L*;EuCly'6H,0] 300.75(0.3907)  300.85(0.3235)  322.95  289.50(0.3342)
(d.1¢) 328.55(0.4733)  326.35(0.3803)  (0.2914) 321.85(0.31154)
[L*;GdCl5'6H,0] 300.75(0.3952)  301.30(0.2950)  322.50  289.90(0.2423)
(4.1d) 328.10(0.4356)  325.90(0.3387)  (0.2347) 321.85(0.2598)
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4.3.3. Fluorescence Spectral Characterization Studies
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Figure 4.11. Fluorescence Spectra of curcumin-pyrazole ligand (L) and its Lanthanide
Complexes (4.1a-d) in different solvent (conc. 1x10™ M).

The photoluminescence spectra of the curcumin-pyrazole ligand (L*) and its
different lanthanide(IIl) complexes were recorded in DMSO, DMF and MeOH medium.
An organic ligand plays important role to enhance the quantum yield of luminescence
emission for the lanthanide metals which is due to the fact that the absorption coefficients
of the ligand are manifolds larger than intrinsically low molar absorption coefficient of the
Ln(IIT) ion. It is reflected in the luminescence spectra of pure ligand (L*) and its lanthanide
complexes in the Figure 4.11. Analysis of the emission spectra could exhibit the
characteristic emission spectra of Pr’*, Nd**, Eu’" and Gd*" complexes with curcumin-
pyrazole ligand (L?). From which we could easily detect the co-ordination nature as well as
the transfer of energy of ligand with lanthanide ions. The fluorescence spectra of a series of

lanthanide complexes are found to be red shift (enhancing their wavelengths) shown in
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Figure 4.11 and Table 4.4 it may be due to the complexation of ligand with the rare earth
metals.

Referring to the emission values of the Ligand and the corresponding Ln*":(L?);
complexes in different solvent (Table 4.4) it is reflected that the order of their
characteristic emission intensities are in the order [L’;EuCly-6H,0] (4.1¢c) >
[L*sNdCls-6H,0] (4.1b) > [L*5GdCl;-6H,0] (4.1d) > [L*sPrCl;-H,0] (4.1a) > L. Again,
consequently observing their relative quantum yield value, their luminescence character is
in the order of [L*sEuCl;-6H,0] (4.1¢) > [L*sNdCls-6H,0] (4.1b) > [L*5GdCl;5-6H,0]
(4.1d) > [L*PrCl3-H,0] (4.1a) > L.

Looking into the luminescent properties, europium complexes particularly act as
light conversion molecular devices by absorbing (UV) light and emitting light in the red
visible spectral region. The quantum yield of luminescent is defined as the ratio of the
number of photons emitted on the number of (UV) photons absorbed. But the higher the
quantum yield of luminescent, the higher the sensitivity of the applications. Thus
Eu’":(L*); has comparatively higher quantum yield (%) among all the synthesised
compounds and higher application may be expected compared to ligand and the other

complexes.

Table 4.4. Florescence Spectra and quantum yield for Curcumin-pyrazole ligand (L*) and
its Lanthanide Complexes (4.1a-d).

Compound Solvent Emission Excitation Intensity Quantum

(nm) (nm) (a.u) Yield (®y)

Curcumin — pyrazole (L) DMSO 422 370 12739.9  0.0024
DMF 417 373 8761.4 0.0017

MeOH 400 355 2546 0.0010

[L’;PrCl3'H,0] (4.1a) DMSO 424 367 14652.3  0.0099
DMF 418 376 10865.1 0.0036

MeOH 400 355 3512 0.0022

[L*;NdCl;'6H,0] (4.1b) DMSO 423 370 19961.4  0.0058
DMF 417 368 11649 0.0023

MeOH 400 355 4317.1 0.0019

[L*;EuCly 6H,0](4.1c) DMSO 421 369 24529.4  0.0038
DMF 417 364 195589  0.0020

MeOH 400 355 5983.6 0.0018

[L*;GdCly'6H,0](4.1d) DMSO 420 366 27406.2  0.0034
DMF 417 366 23802.4  0.0018

MeOH 400 355 7651.1 0.0011
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4.3.4. Thermogravimetric Analysis
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Figure 4.12. TGA curve for the Curcumin-pyrazole ligand (L?) and its Lanthanide

Complexes (4.1a-d).

The thermogravimetric analysis of the curcumin pyrazole ligand (L) and its
lanthanide complexes [L’;PrCl;]-H,0 (4.1a), [L*sEuCl3-6H,0] (4.1b), [L*sEuCls-6H,0]
(4.1¢), [L*3GdCl3-6H,0] (4.1d) were recorded in nitrogen atmosphere at the heating
temperature rate of 10 °C/min and mass loss was measured maintaining the temperature up
to 900 °C shown in Figure 4.12. In case of ligand (L*), with 100 °C the decomposition was
so fast that after reaching certain stage i.e. 72%, decomposes steadily up to 350 °C, then
again decomposes very fast up to 5% at 450 °C and steadily came to 0% at 900 °C.

In case of [L’;PrCl;-H,0] (4.1a) complex speedy decomposition is found up to
70% within 100 °C then steadily decomposes up to 42% at 280 °C and steadily coming to
0% at around 580 °C and in case of [L*EuCly-6H,0] (4.1b), complex very fast
decomposition could be seen up to 48% within 100 °C, then steadily lose weight up to 22%
at 230 °C and coming to 0% at around 500 °C. For the [L*sEuCl;-6H,0] (4.1¢), complexes,
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decomposition started slowly and it continues steadily up to 42% with 500 °C, then there is
constant decomposition up to 77 °C; afterwards suddenly very fast decomposition occurs
reaching the weight loss up to 9% from 35% at 800 °C, till it gets its constant value.
Considering for the case of [L*3GdCl;-6H,0] (4.1d), it could be seen a steady
decomposition with weight loss up to 50 % at 480 °C, then speedy decomposition arises
losing weight up to 10% at 575 °C after which it remains constant.

The thermal stability of the complexes were specified by the ligand to a great
extend and at an average temperature the decomposition of the lanthanide complexes
begins step by step and yield a residue of metal complexes even at high temperature
showing its thermal stability. From the obtained TGA curve the weight loss of the free
ligand and the metal complexes at different temperature were analyzed experimentally and
theoretically. The typical thermograms of the curcumin pyrazole ligand (L) and its
lanthanide complexes [L*sPrCl;-H,0] (4.1a), [L*sNdCls-6H,0] (4.1b), [L*sEuCls-6H,0]
(4.1¢), [L33GdC13'6H20] (4.1d) are represented in Figure 4.12 and the detail

decomposition of the compounds respected to the temperature is tabulated in Table 4.5.
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Table 4.5. Thermo Gravimetric Analysis of Curcumin-pyrazole ligand (L?) and its Lanthanide Complexes (4.1a-d).

Compound

Temperature (° C)

Weight Loss (%)
(Experiment/Theoretical)

Decomposed Compound

Curcumin-pyrazole (L?)

[L’;PrCl;'6H,0] (4.1a)

[L*sNdCl5'6H,0] (4.1b)

[L*sEuCls-6H,0] (4.1¢)

[L*3GdCl3'6H,0] (4.1d)

30.00 — 109.93
109.93 — 405.43
405.43 - 561.47
561.47.....
30.00 - 98.61
98.61 —204.25
204.25 -418.89
418.89 - 659.49
30.00 —70.49
70.49 - 112.97
112.97 - 242.88
242.88 —523.45
30.00 — 106.39
106.39 —272.94
272.94 —-514.22
514.22 - 786 .40
786.40.....
30.00 - 132.82
132.82 -275.87
275.87 -367.32
367.32 - 575.48

17.18% / 17.18%
32.89% /32.14%
20.72% /20.32%
29.73% / 28.57%
29.31%/29.61%
23.28% /22.80%
18.01% / 18.25%
29.49% / 28.59%
20.05% /20.17%
29.89% /29.44%
18.70% / 18.32%
31.34% /30.26%
9.22%/9.23%
15.44% /15.90%
32.20% /32.15%
25.95% /25.75%
17.19% / 17.47%
11.16% /11.56%
15.17% /1537%
9.80% /9.79%
46.71% /45.85%

17.16% /17.82%

2 (CHs) and 2 (OH)
C6H3—CH and 20

C6H3 and 2H

C-CN- CH,-CNH-CH

H,0, 6 (OCH3), 6 (OH), CH and 2 (C¢Hs-CH )
3 (C¢H3-CH =CH ), CH and 4H

2 (C6H3) and 3Cl

3(CN- CH,-CNH), 4CH and Pr

6 (H,0) and 6 (OCHs)

4 (C¢Hs) ,6(0OH) and 3(CH)

2 (C¢H3-CH=CH) ,5 (CH) and 6H

3(CN- C-CN), and NdCl;

6 (H,0) and OCHj

5(C6H3) and 60H

3(C6H3-CH ) and 3(C6H3)

3(C-CN- CH,-CNH-CH) and 3CH

Eu C13

6 (H,0) and 2 (OCHs)

4 (OCH3) and 6(OH)

2(CeHs)

2(C6H3—C2H2—CN— CHz—CN—Csz—C6H3 ) and Csz—CN—

CH,-CN-C,H,
Nd Cl;
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4.4. Conclusion

In this chapter, Curcumin-pyrazole ligand (L*) and its corresponding novel
lanthanide complexes [L*3PrCly-H,0] (4.1a), [L*sNdCls-6H,0] (4.1b), [L*sEuCls-6 H,0]
(4.1c), [L’3GdCl;:6H,0] (4.1d) were successfully synthesized and systematically
characterized from various spectroscopic studies. From the spectral studies of IR and UV-
visible and also from analytical data revealed the formation of complexes of
[L*sPrCl5.H,0] (4.1a), [L*sNdCl5-6H,0] (4.1b), [L*sEuCl;-6H,0] (4.1¢), [L*3GdCl5:6 H,0]
(4.1d) with curcumin-pyrazole ligand (L3) and their structures are found as nona-
coordination. From the study of luminescence properties of the ligand and its complexes,
[L*sEuCls.6 H,0] (4.1¢), shows maximum intensities with maximum quantum yield value
(®r= 0.0498) providing the possibility of higher application. From the TGA analysis the
weight loss process of [L*;EuCl;-6H,0] (4.1¢), and [L*3GdCl;-6H,0] (4.1d) complexes are
at slower speed compared to other complexes as well as the curcumin pyrazole itself
showing comparatively more stable than the curcumin-pyrazole Ligand (L),
[L*sPrCl3-H,0] (4.1a), and [L*sNdCls-6H,0] (4.1b) complexes. In the fluorescence studies
among the solvents quantum yield in the MeOH medium could provide highest value that

means MeOH solvent is the most favourable one.
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Chapter 5

Synthesis of Curcumin-diethanolimine Lanthanide (Pr’*, Nd**, Eu’" and
Gd*") Complexes and Investigation of their Spectroscopic Studies

Abstract

In this chapter, a series of new lanthanide complexes [L42LHC13‘XH20] (where;
L*=curcumin-diethanolimine and Ln=Pr>", Nd**, Euv®" and Gd3+) have been synthesized in
ethanol under reflux conditions for 24 hours. The synthesized curcumin-diethanolimine
lanthanide complexes; [L*PrCly'H,0] (5.1a), [L*,NdCl3'6H,0] (5.1b), [L*;EuCls-6H,0]
(5.1¢), [L%,GdCl;6H,0] (5.1d) were characterised by elemental analysis, IR, UV-Vis,
fluorescence and TGA. The formations of the 6-coordinated lanthanide complexes have
been detected through the elemental analysis. In IR-spectra, the formation of the new band
at around 450-580 cm” has been assigned to the metal- nitrogen and metal-oxygen
stretching vibration which has conveyed that nitrogen and oxygen atoms of the ligand is
being coordinated to the lanthanide. Absorption intensity as well as luminescence properties
of the synthesized curcumin-diethanolimine ligand (L*) and its lanthanide complexes (5.1a-
d) were analysed through UV-Vis and fluorescence spectra. The quantum yields of the
ligand and lanthanide complexes have been analyzed. Further the percentage weight loss of

the complexes was studied with TGA analysis.

5.1. Introduction
Ethanolamine is a bi-functional organic compound containing both amine and
alcohol. Bacteria from the cell membrane can be a source of the carbon and nitrogen to form
the ethanolamine. They are base and present in every human cell as phosphatidy
lethanolamine which is the most abundant phosphate. Ethanolamine is metabolites of amino
acids and plays an important role in regeneration of intestinal cell and inflammation of
intestine. It was first reported by a Chemist Ludwig Knorr in 1897 by reacting ethylene
oxide with ammonia. The presence of both alcohol and amine group makes its potentiality
to be used in industries, agricultural chemicals, pharmaceuticals and detergents.'® When
ethanolamine react with equivalent ethylene oxide gives diethanolamine which are poly-
functional and are utilized as a corrosion inhibitors, an agent for removal of carbon dioxide
and hydrogen sulfide from natural gas.”™
Diethanolamine when react with other compound (organic, Inorganic and metals)

exhibits numerous applications in Pharmaceuticals, Food, Chemical, Agricultural and
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Cosmetic industries, Cements, Polymer productions, Lubricants, Fixative, Polishers,
Coating, Printings inks, Petroleum, Textile fishing and electroplating. Diethanolamine and
its derivatives are also found to have anti-microbial activity, anti-oxidants and also as
indirect prevention of cancer, coronary heart diseases and certain kind of sickness. They
were also found to possessed promising biological activities such as the anti-cancer, anti-
tuberculosis, anti-bacterial, local anesthetic and anti-platelet aggregation.”"> They are also
found in nature as a lipids for plants physiological process such as germination, Pathogens
interactions, flowering etc.'® Regarding their multiple applications of ethanolamine and its
derivatives some of the recent synthesis and potentiality are quoted below.

N. Chopin et al. (2015) reported a synthesis of Ni(Il) and Dy(III)-Cu(Il) complexes
of ethanolamine. The multinuclear complexes were found to show fascinating magnetic
features. Using Pascal’s Constant the diamagnetism of the complexes were evaluated and
using the Gemini diffraction on the single crystal X-ray the non-hydrogen atoms were
clearfied."” The same year Zheng Chen and syndicate have reported a synthesis of indium
tin oxide nano-crystal using solvothermal dehydration condensation using ethanolamine and
metal hydroxide. On addition of ethanolamine, it was discovered that it can decline the size
of the nano-crystal constructively and improve their surface chemically which results in a
conductive ink for the development of transparent conductive films. The films were also
reported to exhibit a better conductivity with low resistance when washed with water.'®

D. Sridaeng and co-workers (2016) designed two metal acetate-ethanolamine
complexes (Scheme 5.1) which were used as a catalyst for the development of rigid
polyurethane. Both the complexes were found to produce a polymerization reaction and
when compared with a commercial catalyst (dimethylcyclohexylamine) copper and zinc
acetate-ethanolamine complexes were found to exhibit prolonged gel period and a steady
rise profile and so the preparation of the rigid polyurethane can be carried out with less

hindrance."’
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Ethanolamine (EA) \M/
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M=Cu & Zn H
M(OAc), (EA)

Scheme 5.1. Synthesis of Metal-ethanolamine Complexes.

Diothiocarbamates have much application in variety of area such as in Biology,
Medicine and in material sciences, A. Ramos-Espinosa et al. (2017) synthesized a series of
complexes using diothiocarbamates as ligand alone with N-(R) ethanolamine where R =
Methyl (Me), Ethyl (Et), isopropyl (iPr) and Benzyl (Bn) group and Ni(Il) and Pt(II) metal.
The Ni(Il) complexes were found to have irregular square-planer geometry and the Pt (II)
complexes were reported to have cytotoxicity against five cancer cell line namely nervous
central system (U251), leukemia (K562), colon (HCT-15), breast (MCF-7) and lung
(SKLU-1) (Scheme 5.2).%°

OH
R S R —
. N . MeOH UL NN
U N_<‘ “Na+ NiCl,.6H,0 - N AN 2N R=Me, Et, iPr, Bm
S S~ s S N
HO HO
R OH
\ S H0 RO 8, S
(i) N—<\S-Na + _Ho N—<\S /Pt\s,>—N\R R=Me, Et, Bm
HO HO

Scheme 5.2. Synthesis path way of (i) Ni(II) Complexes and (ii) Pt(II) Complexes.

Removal of heavy metal ions have become one of the necessity and so S. Sahu et al.
(2018) has synthesized a hybrid molecule thorium ethanolamine for the removal of Cr(VI)
from water (Figure 5.1). The product molecule was found to have small pore and particle
size, good ion exchange and its surface area was high making it to be a significant agent for
removal of Cr(VI). In solution of 10 mgL™ of thorium ethanolamine 99.53% of Cr(VI) was

removed.”!
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Figure 5.1. Structure of Thorium Ethanolamine.

P. A. Khalf-Allaa et al (2019) synthesized a series of seven coordinated iron
(IIT) complex of schiff base as these types of metal complexes exhibit interesting chemical
and catalytic activity. The synthesized complexes were found to have anti-bacterial activity
while those of the ligand do not show any activity. Some of the complexes were also
reported to have an excellent anti-microbial activity against E.coli and aureus.” Metal
complexes contain the characteristic of both the metal and the ligand and so they possessed
variety of applications. In view of the applications and structural characteristic, R. Dubey
and group in 2019 have reported a synthesis of Diorganotin(IV) complexes using a mixture
of bidentate Schiff base ligand. The complexes were characterized by different
spectroscopic techniques. They were found to exhibit average anti-microbial activity and

when compare with the free ligand shows more activity. >

Sn—Bu
Sﬂ _Bu O(/
Bu
Cl
H X HzC_CHZ

Cc= Y
')\! \Z / X =H or CHy
__Sh—Bu Y =H or CH;

%{(/\O Z=Nor C

Figure 5.2. Structure of the Diorganotin Complexes.
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O. Stetsiuk et al. (2020) reported eight polymer manganese(Ill) complexes which
were prepared by direct reaction. The single crystal X-ray of the complex shows a one
dimensional polymeric structure and the metal coordinate to the ligand in a tridentate
chelate bridging connected by —N-C-C-O- bridges (Figure 5.2). The metal complexes were
reported to show an antiferromagtic and the electron paramagnetic resonance analysis show

that the zero-field splitting parameters was narrow. **

\N/\/OH
~
o\\Mfr Q
~~0
_0O NCS \
—
=N HO O
\ /
O—-Mn—0
ONCS/ \ _
N
/ —
(0]
3

Figure 5.3. Structure of the Mn(IIl) Complex.

Recently, energy crisis have become one the most concern and so developing energy
storage devices is a necessity. Regarding to the need, in 2021 S. Sahu and co-workers
developed a nano-structural MnCO,04. The compounds were reported to have a great
electrochemical property in Na,SO, electrolyte with high specific capacitance and excellent
cycling stability; therefore the nanostructure material can be a promising application as
electrode for high energy density.”> B. Hasanpour et al (2021) reported a synthesis of novel
Cu (II) complexes of ethanolamine-triazine derivative and their different spectral
characterization. The complexes were found to have high oxidation activity and so they can
be used as an ideal oxidant and stability of complex.”

Such important applications of ethanolamine and its complexes lead us to synthesis
ethanolamine derivative (curcumin-diethanolimine L*) and utilize it as ligand and developed
complexes of lanthanide (5.1a-d) as lanthanides have several unique characteristic
properties compared to other elements; since the f-orbital’s are filled gradually they have
varied coordinating capacities and specify its spectroscopic, physico-chemical and

thermally.
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5.2. Experimental
5.2.1. Materials and Methods

All the reagents and solvents utilized were purchased from commercially available
sources and used without further purification. FTIR spectra of the curcumin-diethanolimine
ligand (L*) and its lanthanide complexes (5.1a-d) were recorded on Perkin-Elmer
spectrophotometer (Spectrum-Two) using KBr disk and values are expressed in cm™. Micro
analytical (CHN) data were obtained with a FLASH EA 1112 Series CHNS analyzer. UV-
visible spectrophotometer (Double Beam) Perkin Elmer, Lambda-35 is used for recording
the absorption bands of the curcumin-dietanolimine ligand and its lanthanide complexes. All
fluorescence emission spectra of curcumin-diethanolimine ligand and its lanthanide
complexes were recorded using fluorescence spectrophotometer Shimadzu RF- 6000 which
is followed by the evaluation of their quantum yields. The TGA-DTA measurements of
curcumin-dietanolimine ligand and its lanthanide complexes were performed on a Perkin-

Elmer analyzer in air over the temperature range of 30-900 °C.

5.2.2. Synthesis of Curcumin-diethanolimine Ligand (LY

In a solution of curcumin [1,7-bis(4- hydroxyl-3-methoxypheny)Il-1,6- heptadiene-
3, 5-dione] (0.368g, 1mmol) in ethanol medium to which added ethanolamine (0.122g, 2
mmol) and kept with continuous stirring in a magnetic stirrer then to the reaction mixture
was added a catalytic amount of acetic acid and reflux for 24 hours. The process of the
reaction was monitor using thin layer chromatography (TLC). The reaction mixture was
dark brown in color, after keeping it under reflux conditions for day and the solvent was
allowed to evaporate completely giving a sticky compound to which crushed ice were added
forming a pale yellow compound which was collected through normal filtration and air

dried after several washing with ice cold water (Scheme 5.3).
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0O O
O A Z O Acetic Acid
+
HO OH EtOH
O O Reflux (24 h)
Curcumin Ethanolamine

Curcumin-diethanolimine (L)

Scheme 5.3. Synthesis of Curcumin-diethanolimine (L*).

5.2.3. General Synthesis of Curcumin-diethanolimine Lanthanide(IIl) Complexes
[L%LnCl;:xH,0] (5.1a-d)

The complex of the lanthanides were synthesized by taken curcumin-
diethanolimine (2 mmol) in ethanol medium (5 ml) in a round bottom flask and to it was
added LnCl;-xH,0; (where; Ln = Pr3+, Nd&*', Eu*" and Gd3+) (1 mmol). To the reaction
mixture was added catalytic amount of triethylamine (Et;N) and was kept for refluxing for
24 hours. After which the reaction was allowed to evaporate the solvent completed on
evaporation the reaction mixture form dark brown sticky compound which was washed with
hexane for several time giving a brown colored non-sticky compound which was collected
trough filtration. The complexes [L*%PrClyH,O] (5.1a), [L*%;NdCl3'6H,0] (5.1b),
[L*EuCl3-6H,0] (5.1¢), [L*,GdCl5-6H,0] (5.1d) were allowed to air dried (Scheme 5.4).
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Et;N/EtOH

+ Ln(I11)Cly-xH,0

Reflux (24 h)
OH

Curcumin-diethanolimine (L*) where; Ln = Pr*", N&®", Ev’" and Gd>*

O
\  OH
Curcumin-diethanolamine Lanthanide Complexes (5.1a-d)

Scheme 5.4. Synthesis of Curcumin-diethanolimine Lanthanide Complexes (5.1a-d).

5.3. Results and Discussion

In this chapter, we reported a synthesis of curcumin-diethanolimine lanthanide
complexes (5.1a-d). The ligand curcumin-diethanolimine (L*) was prepared from a reaction
of curcumin and ethanolamine with a catalytic amount of CH3COOH in ethanol and reflux
for 24 hours which was then used as a ligand (L*) and curcumin-diethanolimine lanthanide
metal complexes were then synthesized with selected lanthanide metal chlorides
(LnCly-xH0; Ln = Pr’", Nd**, Eu*" and Gd*") in 1:3 ratio in presence of catalytic amount of
Et;N in ethanol and reaction mixture was kept under reflux condition for 24 hours. The
solvent was completely evaporated by removing the condenser after 24 hours of refluxing.
The yielded solid which was collected through filtration and the washed with hexane for
several times and is allowed to air dried and then collected. The synthesized solid curcumin-
diethanolimine lanthanide complexes (5.1a-d) were stable at room temperature, which were
characterized for various spectroscopic properties. The resulting curcumin-diethanolimine
lanthanide complexes were well studied for FT-IR spectroscopy, UV-Visible spectroscopy,
Fluorescence spectroscopy, TGA-DTA analysis and elemental analysis. Table 5.1
represents the physico-analytical data of free curcumin-diethanolimine ligand (L*) and

curcumin -diethanolimine lanthanide complexes (5.1a-d).
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Table 5.1. Physicochemical properties of Curcumin-diethanolimine ligand (L*) and its
Lanthanide Complexes (5.1a-d).

Yield

CHN Analysis (%) Found(calculated)

Compounds (%) Color Carbon Hydrogen Nitrogen
Curcumin - diethanolamine Dark 69.12 6.21 6.59
(LY Orange (69.22) (6.65) (6.16)

Dark 56.32 5.23 5.54

4 . 0
[L%PrClHo0] (5-1a) 8% Brown  (5645) (5.49) (5.27)
Dark 51.76 5.87 4.79

L*%NdCl;-6H,0] (5.1b 849
[L2NdCly6H,0] (.1b) " Brown (51.89) (5.92) (4.84)
Dark 51.42 5.82 4.87

L*EuCl;6H 1 9
[L2EuCly6H;0] (5.1¢) %% Brown (5155 (5.88) (4.81)
Dark 51.45 5.82 4.71

L*GdCl;6H 1 0
[L2GdCly"6H:0] (5.1d) 20%  Brown (51.31) (5.86) (4.79)

5.3.1. FT-IR Spectral Characterization Studies
5.3.1.1. FT-IR spectra of Curcumin-diethanolimine Ligand (LY

Curcumin-diethanolimine (L4)

% Transmitance

o
<
9]
N N
20 - o 8 -
o ©
3 5
0 ! I ! I I ! I I ! I ! |
4000 3600 3200 2800 2400 2000, 1600 1200 800 400

Wavenumber (cm ')

Figure 5.4. FT-IR Spectra of Curcumin-diethanolimine Ligand (L4).
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The FT-IR spectrum of the curcumin-diethanolimine ligand (L*) (Figure 5.4 and
Table 5.2), shows a peak at 3413 cm’” attributing to the OH stretching and absorption at
2918 cm™ and 2849 cm™ attributing to CH stretching. The band appears at 1599 cm™ is and
a sharp and high intensity band at 1516 cm™ corresponds to the C=C and C=N stretching
vibrations and another characteristic band appeared at 1463 cm™ attributed to C-C stretching
frequencies. The bands at 1275 cm™ and 1127 cm™ correspond to phenolic C-O stretching
vibrations and a sharp band at 1031 cm™ and 820 cm™ has been assigned to C-H bond.

5.3.1.2. FT-IR Spectra of Curcumin-diethanolimine Praseodymium Complex

[L*,PrCl;H,0] (5.1a)

1 [L*PrCL.H 0] (5.1a)
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Figure 5.5. FT-IR Spectra of Curcumin-diethanolimine Praseodymium Complex

[L*,PrCl3'H,0] (5.1a).
The FT-IR spectra characterization of curcumin-diethanolimine praseodymium

complex [L*,PrCls-H,0] (5.1a) (Figure 5.5 and Table 5.2) shows that the OH stretching at
3413 cm™ which appeared in the free ligand shifted to a lower wavelength at 3338 cm™
which form into a broader band after complexation showing the presence of H,O in the
complex. The prominent bands appeared in the free curcumin-diethanolimine ligand
indicating the mixed vibrations of C=C and C=N stretching at 1599 cm™ and 1516 cm™

were completely shifted to lower frequencies values at 1585 cm™ and 1514 cm™ and the
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band at 1463 cm™ shifted to lower wavelength 1449 cm™. The band at 2918 cm™ and 2849
cm’ indicating the vibration of C-H in the ligand shifting to a higher and lower frequency at
2945 cm™  and 2839 cm™. The shifting of the bands in the complex IR spectra strongly
signifys that the praseodymium metal coordinate to curcumin-diethanolimine ligand (L*)
and the appearance of a new band at 552 cm™ and 458 cm™ assigning to the M-O and M-N
stretching vibrations which was not found in the spectra of free ligand (L*), clearly suggests
that the nitrogen and oxygen atoms of the ligand are coordinating to the lanthanide metal

leading to the formation of lanthanide complexes with the curcumin-diethanolimine ligand.

5.3.1.3. FT-IR Spectra of Curcumin-diethanolimine Neodymium Complex

[L*;NdCl3:6H,0] (5.1b)

[L*NdCI1,.6H,0] (5.1b)
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Figure 5.6. FT-IR Spectra of Curcumin-diethanolimine Neodymium Complex
[L*,NdCl5-6H,0] (5.1b).

The FT-IR spectra characterization of curcumin-diethanolimine neodymium complex
[L*,NdCl3-6H,0] (2) (Figure 5.5 and Table 5.2) shows that the OH stretching at 3413 cm™

which appeared in the free ligand shifted to a lower wavelength at 3338 cm™ which form
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into a broader band after complexation showing the presence of H,O in the complex. The
band at 2918 cm™ and 2849 ¢cm™ indicating the vibration of C-H in the ligand shifting to a
higher and lower frequency at 2938 cm™ and 2837 cm™. The prominent bands appeared in
the free curcumin-diethanolimine ligand indicating the mixed vibrations of C=C and C=N
stretching at 1599 cm™ and 1516 cm™ were completely shifted to lower frequencies values
at 1593 cm™ and 1510 cm™ and the band at 1463 cm™ shifted to lower wavelength 1447 cm™
! The shifting of the bands in the complex IR spectra strongly signifys that the neodymium
metal coordinate to curcumin-diethanolimine ligand (L*) and the appearance of a new band
at 555 cm™ and 460 cm™ assigning to the M-O and M-N stretching vibrations which was
not found in the spectra of free ligand (L*) clearly suggests that the nitrogen and oxygen
atoms of the ligand are coordinating to the lanthanide metal leading to the formation of

lanthanide complexes with the curcumin-diethanolimine ligand.

5.3.1.4. FT-IR Spectra of Curcumin-diethanolimine Europium Complex

[L*EuCl;*6H,0] (5.1¢)

[L*EuCl.6H,0] (5.1¢)
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Figure 5.7. FT-IR Spectra of Curcumin-diethanolimine Europium Complex
[L*,EuCl;5-6H,0] (5.1c).

In the FT-IR spectra of the curcumin-diethanolamine europium complex;

[L%EuCl;-H,0] (5.1¢).the band at 2918 cm™ and 2849 cm™ indicating the vibration of
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aromatic C-H bond in the ligand shifting to a higher and lower frequency at 2923 cm™ and
2843 cm™. The bands attributing to the mixed vibrations of C=N and C=C at 1599 cm™ and
1516 cm™ stretching shown in curcumin-diethanolimine ligand (L*) was shifted to a lower
wavelength at 1585 cm™ and 1511 cm™ after complexation of curcumin-diethanolimine
europium complex [L*EuCl;:6H,0] (3) and also the OH stretching at 3413 cm™ which
appeared in the free ligand shifted to a lower wavelength at 3338 cm™ indicating the
coordination of curcumin-diethanolamine and europium metal. The band at 1463 cm™
shifted to lower wavelength 1454 cm™. The shifting of the bands in the complex IR spectra
strongly signifys that the europium metal coordinate to curcumin-diethanolimine ligand (L*)
and the appearance of a new band at 558 cm™ and 458 cm™ assigning to the M-O and M-N
stretching vibrations which was not found in the spectra of free ligand (LY, clearly suggests
that the nitrogen and oxygen atoms of the ligand are coordinating to the europium metal

leading to the formation of neodymium complex with the curcumin-diethanolimine ligand.

5.3.1.5. FT-IR Spectra of Curcumin-diethnolimine Gadolinium Complex
[L*,PrCl;-6H,0] (5.1d)

[L* GAC1,.6H O] (5.1d)
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Figure 5.8. FT-IR Spectra of Curcumin-diethanolimine Gadolinium Complex
[L*,GdCl3-6H,0] (5.1d).
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The FT-IR spectra characterization of curcumin-diethanolimine gadolinium complex
[L*,GdCl5-6H,0] (5.1d) (Figure 5.8 and Table 5.2) shows that the OH stretching at 3413
cm™ which appeared in the free ligand shifted to a lower wavelength at 3338 cm™ forming
into a broader band after complexation show the presence of H,O in the complex. The
prominent bands appeared in the free curcumin-dietahnolimine ligand indicating the mixed
vibrations of C=C and C=N stretching at 1599 cm™ and 1516 cm™ were completely shifted
to lower frequencies values at 1585 cm™ and 1511 cm™. The band at 1463 cm™ shifted to
lower wavelength 1453 cm™, the shifting of the bands in the complex IR spectra strongly
signifying that the gadolynium metal coordinate to curcumin-diethanolimine ligand (L*).
The band at 1275 cm’ indicating the vibration of C-O bond in the ligand shifting to a
higher frequency at 1277 cm™ and the appearance of a new band at 552 cm™ and 466 cm™
assigning to the M-O and M-N stretching vibrations which was not found in the spectra of
free ligand (LY, clearly suggests that the nitrogen and oxygen atoms of the ligand are
coordinating to the gadolinium metal leading to the formation of gadolinium complex with

the curcumin-diethanolimine ligand.

The results of the FT-IR spectra of all the complexes; [L*%,PrCl3'H,0] (5.1a),
[L,NdCl3-6H,0] (5.1b), [L%EuCl;:6H,0] (5.1¢), [L,GdCl5-6H,0] (5.1d) alone with the

curcumin-diethanolamine ligand are tabulated in Table 5.2.
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Table 5.2. Major FT-IR Spectral data of the Curcumin-diethanolimine (L* and its Lanthanide Complexes (5.1a-d) (cm™).

v(ArOH, v (C=C
Compounds Arv(CH) Arv(CC) v(C-0) v(C-H) v(M-0) v(M-N)
OH) (C=N)
Curcumin-
' o 2918, 1599,
diethanolimine 3413 1463 1275, 1127 1031, 820 - -
) 2849 1516
(LY
[L*,PrCls-H,0] 2945, 1585,
3338 1449 1277,1127 1031, 820 552 458
(5.1a) 2839 1514
[L*,NdCl;-6H,0] 2938, 1593,
3338 1447 1280, 1127 1030, 826 555 460
(5.1b) 2837 1510
[L*EuCls-6H,0] 2923, 1585,
3338 1454 1279, 1124 1030, 817 558 458
(5.1¢) 2843 1511
[L%,GdCL-6H,0] 2945, 1585,
3338 1453 1277,1127 1028, 822 552 466
(5.1b) 2841 1511
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5.3.2. UV-Vis Spectral Characterization Studies
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Figure 5.9. UV-Vis spectra of curcumin-diethanolimine ligand (L*) and its  Lanthanide
complexes (5.1a-d) in different solvents (conc. 1x10” M).

UV-Vis spectra of curcumin-diethanolimine ligand (L*) and its lanthanide
complexes (S.1a-d) in different solvents such as dimethyl-Sulfoxide (DMSO),
dimethylformamide (DMF), methanol (MeOH) and 1,4-dioxane were recorded at
concentration of 1x10” M. (Figure 5.9 and Table 5.3) When ligand interacts with the
metal (Ln = Pr 3 Nd ¥, Eu®" and Gd3+) and forms complex, the metal- Ligand bond
length is shortened and a strong bond is formed there by increasing the absorption
intensity of UV- Vis spectra of the complex compared to the intensity of the absorption
spectra of curcumin-diethanolimine (Nephelauxetic Effect). In all the solvents (DMF,
DMSO, MeOH and 1,4-Dioxane), the intensity of the pure ligand and complexes are in the
order [L%PrCl;-H,0] (5.1a) > [L%:NdCl3-6H,0] (5.1b) > [L*EuCl;-6H,0] (5.1¢c) >
[L*,GdCl;-6H,0] (5.1d) > curcumin-diethanolimine ligand (L*) which is in the same
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order of the electronegativity in the periodic table. This trend of sensitivity of absorption
intensity of ligand and complexes is shown in the Figure 5.9 and Table 5.3. The
sensitivity of the solvents are in the order of 1,4-dioxane < DMF < MeOH < DMSO which
may be due to the polarity effect. In the entire medium used the maximum absorption was
at around 330 nm-360 nm. With the polarity of the solvent there is a shifting in the
wavelength which is due to electrostatic interaction between solvent and the curcumin-
diethanolimine and its complexes, as the solvent incline to stabilized the bond causing n-n

transition and - transition.

Table 5.3 UV-Vis spectral values of Curcumin-dietahnolimine ligand (L*) and its
Lanthanide Complexes (5.1a-d).

Compound DMSO DMF MeOH  1,4-Dioxane
Amax(a.u) Amax(a.1) Amax(a.1) Amax(a.1)
Curcumin- 358.85 344.25 342.90 337.65
diethanolimine(L*) (0.12127)  (0.71959)  (0.71905)  (0.25329)
[L*,PrCl;-H,0] (5.1a) 356.90 347.20 345.45 335.75
(0.23799)  (0.97068)  (0.97088)  (0.68827)
[L*,NdCl5-6H,0] (5.1b) 357.60 34535 345.45 331.75
(0.19474)  (0.95437)  (0.90930)  (0.61804)
[L*EuCls-6H,0] (5.1¢) 357.60 346.55 344.40 333.25
(0.14243)  (0.82347)  (0.82133)  (0.614864)
[L*,GdCls-6H,0] (5.1b) 358.85 346.55 343.25 332.60
(0.13236)  (0.78437)  (0.77915)  (0.44721)
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5.3.3. Fluorescence Spectral Characterization Studies
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Figure 5.10. Fluorescence Spectra of Curcumin-diethanolimine ligand (L*) and its
Lanthanide complexes (5.1a-d) in different solvents.

The photoluminescence spectra of the curcumin-diethanolimine ligand (L*) and its
different lanthanide (III) complexes were recorded in DMSO and DMF medium. An
organic ligand plays important role to enhance the quantum yield of luminescence
emission for the lanthanide metals which is due to the fact that the absorption coefficients
of the ligand are manifolds larger than intrinsically low molar absorption coefficient of the
Ln(Ill) ion. It is reflected in the luminescence spectra of pure ligand (LY and its
lanthanide complexes in the Figure 5.10. Analysis of the emission spectra could exhibit
the characteristic emission spectra of Pr’t, N&*, Eu’" and Gd** complexes with curcumin-
diethanolimine ligand (L*). From which we could easily detect the coordination nature as
well as the transfer of energy of ligand with lanthanide ions. The fluorescence spectra of a
series of lanthanide complexes are found to be red shift (enhancing their wavelengths)
shown in Figure 5.10 and Table 5.4 it may be due to the complexation of ligand with the
rare earth metals.

Referring to the emission values of the Ligand and the corresponding Ln®":(L*,
complexes in different solvent Table 5.4 it is reflected that the order of their characteristic
emission intensities are in the order [L*,GdCl;-6H,0] (5.1d) > [L*EuCls.-6H,0] (5.1¢) >
[L*,;NdCl5-6H,0] (5.1b) > [L*PrCl;-H,0] (5.1a) > L*. Again, consequently observing
their relative quantum yield value, their luminescence character is in the order of
[L%GdCl;-6H,0] (5.1d) > [L*%EuCly-6H,0] (5.1c) > [L%NdCly-6H,0] (5.1b) >
[L*,PrCls-H,0] (5.1a) > L* which is due to the increasing of electronegativity of the

lanthanides as in periodic table.
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Table 5.4. Florescence Spectra and Quantum yield for Curcumin-diethanolimine ligand
(L% and its Lanthanide Complexes (5.1a-d).

Excitation Emission Intensit Quantum
Compound Solvent y Yield
(nm) (nm) (a.u)

(®y)

Curcumin-diethanolimine DMSO 330 527 6599.2 0.0287
(L4) DMF 320 526 3615.2 0.0212
[L42PrC13-H20] (5.1a) DMSO 329 530 5688.8 0.0392
DMF 326 530 5497.8 0.0292
[L42NdC13'6H20] (5.1b) DMSO 329 526 5732.9 0.0408
DMF 326 521 5625.4 0.0337

[L42EuC13~6H20] (5.1¢) DMSO 329 535 9106.8 0.0416
DMF 326 529 6952.1 0.0393

[L42GdC13'6H20] (5.1b) DMSO 329 545 11749.9 0.0639
DMF 326 539 10252.5 0.0589

5.3.4. Thermogravimetric Analysis

100 - Curcumin-diethanolimine (L4)
——[L*,PrCI_H,0] (5.1a)
4
- [L*,PrCI.6H,0] (5.1b)
60 [L*PrClL.6H,0] (5.1¢)
——[L* PrCL,.6H,0] (5.1d)
<
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(0]
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Figure 5.11. TGA curve for Curcumin-diethanolimine Ligand (L*) and its Lanthanide
Complexes (5.1a-d).
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The thermogravimetric analysis of the curcumin-diethanolimine ligand (L*) and its
lanthanide complexes; [L*,PrCl;-H,0] (5.1a), [L*,NdCls-6H,0] (5.1b), [L*,EuCls.-6H,0]
(5.1¢) and [L%GdCl;-6H,0] (5.1d) were recorded in nitrogen atmosphere at the heating
temperature rate of 10 °C/min and mass loss was measured maintaining the temperature up
to 900 °C shown in Figure 5.11. In case of curcumin -diethanolimine ligand (L*), it under
go three stages of decomposition starting at 118 °C and completing at 581 °C while those
of the lanthanide complexes under 5 stages of decomposition. The thermal stability of the
complexes were specify by the ligand to a great extend and at an average temperature the
decomposition of the lanthanide complexes begins step by step and yield a residue of
metal complexes even at high temperature showing its thermal stability. From the obtained
TGA curve, the weight loss of the free ligand and the metal complexes at different
temperature were analyzed experimentally and theoretically. The typical thermograms of
the curcumin-diethanolimine ligand (L% and its lanthanide complexes [L*,PrCl;-H,0]
(5.1a), [L*;NdCl;-6H,0] (5.1b), [L-,EuCls.-6H,0] (5.1¢) and [L*,GdCl3-6H,0] (5.1d) are
represented in Figure 5.11 and the detail decomposition of the compounds respected to

the temperature is tabulated in Table 5.5.
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Table 5.5. Thermo Gravimetric Analysis of the Curcumin-diethanolimine (L*) and its lanthanide complexes (5.1a-d).

Temperature Weight Loss (%)
C d D dC d
ompoun ‘O (Experiment/Theoretical) ccomposed T-ompoun
Curcumin-diethanolimine (L*) 30.00 - 118.33 5.53% /5.72% 2 (OH)

[L*,PrCl;-H,0] (5.1a)

[L*,NdCl;-6H,0] (5.1b)

[L*EuCls-6H,0] (5.1¢)

[L*,GdCl;-6H,0] (5.1d)

118.30 —402.34
402.34 - 581.90

30.00 - 136.57

136.57 —186.21
186.21 —395.16
395.16 — 780.54

30.00 - 102.10

102.10 - 261.21
261.21 —448.74
448.74 - 604.14

30.00 — 145.51
145.51 - 255.36
255.36 —414.38
414.38 —785.37
785.37....
30.00-119.13
119.13 -204.11
204.11 -411.32
411.32 -530.11

33.35% /33.48%
61.11%/ 60.79%

10.63% / 10.91%
2.99% /2.82%
29.6% /29.63%
14.33% / 14.29%
41.40% / 42.33%

18.39% / 18.97%
22.49% /22.92%
16.48% - 16.73%
13.66% - 13.10%
28.00% - 28.52%
11.5%/11.50%

7.14% / 7.55%
28.25% /27.98%
12.75% / 12.01%
40.36% / 40.94%

7.46% / 7.69%

3.99% /3.76%
33.27% / 33.16%
14.34% / 14.18%
40.94% / 40.19%

2(CH,-CH,-OH) and 2(OCH3)H and S
2 (CsH;CH=CH), CH, and 2(C=N)
H,0, 4 (OH) and 2(CHs)

2(CH,)

2 (C¢H3-CH), CH and 40

2 (HCsHs)

2 (CO-CN-C-CN-0OC), 2C and Pr

4 (H,0)

4 (H,0) and 2 (OH)

4 (OCH;), 2(OH) and 4 (C¢Hj)

4 (CH)

2 (CH-CO-CN-CH,-CN-OC-CH) and Nd
6 (H,0) and 2 (OH)

2 (OH) and 2 (OCH3),

2 (OCH3) and 3 (C¢H;CH)

4 (CH) and CsH;CH

2 (CH-CO-CN-CH,-CN-OC-CH) and Eu

5 (H,0)
H,0 and 2 (OH)

2 (OH), 4 (OCH3), 2(C¢H3) and C¢H;CH
7 (CH) and CeH3

2 (CH-CO-CN-CH,-CN-OC-CH) and Gd
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5.4. Conclusion

In conclusion, we report the novel synthesis of curcumin-diethanolimine (L*) and
its lanthanide complexes (S5.1a-d). All the synthesized curcumin-diethanolimine
lanthanide complexes were well investigated for their various spectroscopic studies. The
IR spectra of all complexes were found that there is a chelate band shift and formation of
new band in complexes comparing with that of free curcumin-diethanolimine ligand
which confirm the complexation. The UV-Vis absorption spectra of the complexes
increase with the increase in the polarity of the solvents. Interestingly, the fluorescence
spectroscopic studies were found that after complexation the intensity of the emission

spectra increases comparing with that of free curcumin-diethanolimine ligand.
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Chapter 6

Synthesis of Flavanone-thiosemicarbazone Lanthanide (Pr’*, Nd**, Eu*
and Gd’*) Complexes and Investigation of their Spectroscopic Studies

Abstract

In this chapter, we report synthesis of C;sH14N3OSCIl, a Schiff base derivative of a
thiosemicarbazide with a flavanone and lanthanide complexes from flavanone-
thiosemicarbazone ligand (L*) and lanthanide chlorides (LnCls-xH,0; where; Ln=Pr’*,
Nd**, Eu’* and Gd®") in presence of triethylamine (Et3N) in ethanol reflux for 24 hours and
investigated their spectroscopic and kinetic studies. The spectroscopic and physic-chemical
properties of the flavanone-thiosemicarbazone ligand (L°) and its lanthanide(III)
complexes [L’;PrCly'H,0] (6.1a), [L’5NdCl;'6H,0] (6.1b), [L’3EuCl;6H,0] (6.1c),
[L>3GdCl;'6H,0] (6.1d) were studied by various means IR, UV-Vis, TGA-DTA and
elemental analysis. The FT-IR spectra of flavanone-thiosemicarbazone lanthanide
complexes (6.1a-d) were well interpreted based on the comparison to free flavanone-

thiosemicarbazone ligand (L°) spectrum.

6.1. Introduction

Flavanones, a subclass of flavonoids, are widely recognized for their nutraceutical
values.! Flavanones are also known for their potential bioactivities against cancer.’
Thiosemicarbazides are a class of versatile ligands exhibiting important physico-chemical
properties due to their delocalization and flexibility of coordination modes. Therefore, a
combination of flavanones and thiosemicarbazides may lead to compounds having
synergistic properties of both classes of compounds. Schiff base derivatives of
thiosemicarbazides have been studied for their biological and pharmacological properties.’
Metal-thiosemicarbazone complexes exhibit multiple activities in biology and catalytic
application.” and flavanone-metal complexes are also found to have multiple application
such as the DNA-binding, anti-cancer, anti-tumor, anti-inflammatory, anti-coagulant, anti-
oxidant etc.”'® However, Schiff base derivatives of flavanones with thiosemicarbazides
have not been explored extensively.'' " In particular, structurally characterized flavanone-
thiosemicarbazone Schiff bases are rare in the literature. The presence of NH and S
moieties in such compounds opens up the possibility of studying the role of the
comparatively less explored class of N-H---S interactions in building supramolecular

architectures. This is of interest as hydrogen bonding to sulfur is known to play an
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important role in biological systems.” Complexes of thiosemicarbazone and flavanone
have been frequently studied. Some of the recently reported studies of these complexes
were outlined below.

M. M. Kasprzak et al. (2015) gives a review on the potentiality and properties of
flavonoid metal complexes of different metals as they possessed a wide variety of
applications biologically and chemically. This review shows that coordination of the
flavonoid molecule depends on the carbonyl and hydroxyl site and when the metal chelate
to this site, the properties such as the oxidation state, color, stability etc. are affected. Its
application in biological system such as the chemo preventive agent, anti-oxidant, anti-
tumor etc are also reported.'

Flavanones found in citrus fruits are known as naringenin which was found to
exhibit inadequate anti-oxidant activity comparing to flavones and flavonols. Naringenin
when coordinate to metal the antioxidant activity are enhances and so considering this V.
Uivarosi and group in 2016 reported a synthesized oxovanadium(I'V) complex (Figure 6.1)
The complex was characterized by different spectroscopic, molar conductance, elemental
and thermal analysis. A square pyramidal stereochemistry was suggested base on the

spectral datas and reported that the resultant product can be a promising insulinomimetic

agents.15
HO OH
0 —0_Q 0= o)
\\II//
D,
HO OH

Figure 6.1. Possible structures of metal complex.

G. Celiz et al. (2019) reported a synthesis of copper(Il) naringenin complexes
starting with the extraction of the flavonoid naringin from the waste of grape fruit industry.
From the extracted naringenin were obtaining by hydrolysis which was further used for the

synthesis of the copper(Il) naringenin complex as shown in Scheme 6.2. The complex
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produce was characterized through different spectroscopic technique and reported their
first ever crystal structure. The anti-radical activity of the complexes was found to have

more potentiality then that of the free ligand itself.'®

,OH
H,C
2 OH
HO OH

o Hydrolysis catalyzed
O HO o O by acid HO (o)
HO
CH
} OH O
OH O
Naringin Narigenin
20H-=
Cu (1)

OH
HO\‘/\'J/‘/

o—(—),—/\—,‘c;u};———o<
o
|
: OH

Cu(II) Complex

\_/
o=

o
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Scheme 6.2. Synthesis of the Cu(Il) complex starting from naringin.

The developing of metal-base compound has become one of the rising research
areas due to its various activities that they possess. A. S. El-Tabl et al. (2020) design a
series of new binary metal(Il) complexes (Figure 6.2) and characterized the complexes
using 1H NMR, Mass spectra, IR, UV-Vis, conductance measurement, elemental and
thermal analysis and magnetism measurement. The ligand and some of the metal

complexes were found to exhibit anti-tumor activity.'’
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Figure 6.2. Structures of the Metal Complexes.

M. Fabijanska er al (2021) outlined the potentiality of some ruthenium(Il) and
platinum(Il) complexes of flavanone (Figure 6.3), as the complex base on the flavanone
exhibit numerous applications. With the increase of the cancer cases worldwide, the
mechanism of the drug resistance plays an important role in proapoptotic activity. The
study comfrimed that the Cisplatin-resistant cells increase the glutathione levels showing
the mechanism of the cell to resist apoptosis caused by DNA damage. The study also gives
the sensitivity of the Cisplatin against human ovarian cancer cell and the complexes of both

ruthenium(Il) and platinum(II) exhibit cytotoxic effect.'®

Qo 'Qﬁo C
\
1—/Ruf—c1 l—Ru—Cl

Figure 6.3. Structures of the Flavanoid-base-complexes.
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Considering the above, we have synthesized the flavanone-thiosemicarbazone
compound through a Schiff base condensation reaction, and report herein on its crystal
structure and the Hirshfeld surface analysis and thereby used to synthesize novel lanthanide
complexes of flavanone-thiosemicarbazone and characterized its spectroscopic, physico-

chemical and kinetics studies.

6.2. Experimental
6.2.1. Materials and Methods

All the reagents and solvents were purchased from commercially available sources
and used without further purification. FT-IR spectra of the flavanone-thiosemicarbazone
ligand and its lanthanide complexes were recorded on Perkin-Elmer spectrophotometer
(Spectrum-Two) using KBr disk and values are expressed in cm™. Micro analytical (CHN)
data were obtained with a FLASH EA 1112 Series CHNS analyzer. UV-visible
spectrophotometer (Double Beam) Perkin Elmer, Lambda-35 is used for recording the
absorption bands of the flavanone-thiosemicarbazone ligand and its Lanthanide complexes.
The TGA-DTA measurements of flavanone-thiosemicarbazone ligand (L%) and its
lanthanide complexes (6.1a-d) were performed on a Perkin-Elmer analyzer in air over the

temperature range of 25-900 °C.

6.2.2. Synthesis of Flavanone-thiosemicarbazone Ligand (L°)

The synthesis of flavanone-thiosemicarbazone was achieved by adding Conc.
H,SO4 (10 mol %) in ethanol (5 ml) to a stirred solution of 2-(4-chlorophenyl)-chroman-4-
one (0.258 g, 1 mmol)® and thiosemicarbazide (0.091g, 1 mmol). The mixture was
refluxed for 96 hours with continuous stirring. After completion of the reaction, as
monitored by TLC, the solvent was removed under reduce pressure and then ice-cold water
was added. The resulting solid product was collected by filtration, washed with water (3-4
times) and finally with hexane and then dried at room temperature. Pale-yellow plate-like
crystals of the title compound were obtained by slow evaporation at room temperature of a

solution in acetonitrile (Scheme 6.2).
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2-(4-chlorophenyl)-chromanone-4-one Thiosemicarbazide
Y
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Flavanone- thiosemicarbazone (L°)

Scheme 6.2. Synthesis of Flavanone-thiosemicarbazone Ligand (L°).

6.2.3. General Synthesis of Flavanone-thiosemicarbazone Lanthanide(I1I) Complexes
[L;LnCl;-xH,0] (6.1a-d)

The complex of the lanthanide was prepared by taken flavanone-thiosemicarbazone
(3 mmol) in ethanol medium in a round bottom flask and to it was added LnCl;-xH,O;
(where; Ln = Pr**, Nd**, Eu*" and Gd®") (1 mmol). To the reaction mixture was added three
drops of triehtylamine (Et;N) and was kept for refluxing for 24 hours. After which the
reaction was allowed to evaporate the solvent completed on evaporation the reaction
mixture form a yellow compound which was washed with hexane for several time gives a
pale yellow to yellow compound, which was collected trough filtration. The complexes
[L5PrCl3-H,0]  (6.1a), [L’5NdCl-6H,O]  (6.1b),  [L3EuCl;-6H,O]  (6.1c),
[L>3GdCl;-6H,0] (6.1d) were dried and collected for further investigation (Scheme 6.3).
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H,N \fs
HN. N
|
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.XH20

Flavanone-thiosemicarbazone Lanthanide Complexes (6.1a-d)

Scheme 6.3. Schematic Synthesis of Flavanone-thiosemicarbazone Lanthanide (III)
Complexes (6.1a-d).

6.3. Results and Discussion

Herein, we report synthesis of flavanone-thiosemicarbazone lanthanide complexes
(6.1a-d). The ligand flavanone-thiosemicarbazone (L%) was prepared from a reaction of
flavanone and thiosemicarbazide with a catalytic amount of conc. H,SO, in ethanol and
reflux for 96 hours. The flavanone-thiosemicarbazone lanthanide metal complexes were
then synthesized using flavanone-thiosemicarbazone ligand (L’) and lanthanide metal
chlorides (LnCls-xH,0; Ln=Pr**, Nd**, Eu’" and Gd*") in 3:1 ratio in presence of catalytic
amount of Et;N in ethanol and reaction mixture was kept under reflux condition for 24
hours. The solvent was completely evaporated and the yielded solid which was collected
through filtration and the washed with hexane for several times and is allowed to air dried
and then collected. The synthesized solid flavanone-thiosemicarbazone lanthanide

complexes (6.1a-d) were stable at room temperature, which were characterized for various
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spectroscopic properties. The resulting flavanone-thiosemicarbazone lanthanide complexes

were well studied for FT-IR spectroscopy, UV-Visible spectroscopy, TGA-DTA analysis

and elemental analysis. The physico-analytical data of free flavanone-thiosemicarbazone

ligand (L) and flavanone-thiosemicarbazone lanthanide complexes (6.1a-d) were

represented in Table 6.1.

Table 6.1. Physico-analytical data of Flavanone-thiosemicarbazone Ligand (L°) and its
Lanthanide Complexes (6.1a-d).

CHN Analysis (%) Found (calculated)

Yield
Compounds Col
(%) OOU " Carbon Hydrogen Nitrogen Sulphur

Flavanone- - Pale 57.85 4.28 12.61 9.59
thiosemicarbazone yellow  (57.91) (4.25) (12.66) (9.66)
(L)
[L*sPrCls-H,0] 75.63  Yellow 45091 3.24 10.08 7.72
(6.1a) (45.84) (3.29) (10.02) (7.65)
[L*3NdCls-6H,0] 73.06 Yellow 42.58 3.84 9.25 7.15
(6.1b) (42.67)  (3.80) (9.33) (7.12)
[L*3EuCls-6H,0] 86.04 Yellow 42.51 3.72 9.21 7.08
(6.1¢) (42.43) (3.78) (9.28) (7.15)
[L’:GdCl3-6H,0] 61.60 Yellow 42.31 3.72 9.18 7.12

(42.26) (3.77) (9.24) (7.05)

(6.1d)
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6.3.1. Crystal Structure and Hirshfeld Surface Analysis of Flavanone-

thiosemicarbazone Ligand (LS)

Figure 6.4. Single Crystal X-ray molecular structure of the Flavanone-thiosemicarbazone
Ligand (L°).

The molecular structure of flavanone-thiosemicarbazone is illustrated in Figure
6.4. The 4-chlorophenyl ring (C11-C16) is inclined to the benzene ring (C5-C10) of the
chromanone ring system by 30.72 (12)°. The pyran ring (O1/C2—-C5/C10) has an envelope
conformation with atom C2 as the flap, being displaced by 0.655 (2)A from the mean plane
through the other five atoms of the ring. The mean plane of the thiourea unit (N2/C17/S1/
N3) is twisted with respect to benzene ring (C5-C10) of the chromane ring system, forming
a dihedral angle of 19.78 (19)°.

A strong hydrogen bond often involves highly electronegative second row
elements such as N, O and F. However, the less electronegative third row elements (P, S
and Cl) are also known to take part in hydrogen-bonding interactions. In the crystal of the
flavanone-thiosemicarbazone ligand (L°), molecules are linked by two pairs of N-H:--S
hydrogen bonds, forming inversion dimmers enclosing R*(8) ring motifs, which are linked
to form ribbons propagating along the b-axis direction (Table 6.2 and Figure 6.5). In the

crystal, there are no other significant short intermolecular interactions present
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Figure 6.5. Single X-ray diadram of the Flavanone-thiosemicarbazone (L°).

Table 6.2. Geometrical parameters of hydrogen bonds in Flavanon-thiosemicarbazone (L?).

N2 — H2N---S1' 0.85 (3) 2.65(3) 3.480 (2) 167 (2)
N3 — H3BN:---S1" 0.88 (3) 2.52(3) 3.392 (2) 171(2)

Symmetry codes i)- X, -y+1, -z+2; ii) =X, -y, -z+2

The Hirshfeld surface analysis®' and the associated two-dimensional fingerprint
plots?® were performed with Crystal-Explorer17.” A recent article by Tiekink and
collaborators™* “outlines the various procedures and what can be learned by using Crystal-
Explorer’. The Hirshfeld surface of the title compound mapped over dpom iS given in
Figure 6.6.a. The red spots indicate specific points of contact in the crystal. The Hirshfeld
surface mapped over the shape-index is given in Figure 6.6.b, showing red spots and blue
regions indicative of possible C---H/H:--C (i.e. C—H---m) contacts. The Hirshfeld surface
mapped over the curvedness is given in Figure 6.6.c. Here the region around the chromane

ring system is fairly flat, indicative of possible m—m interactions. However, these
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interactions must be extremely weak as analysis of the structure using PLATON?’ did not

indicate the presence of any significant C—H- - & or offset n—= interactions in the crystal.

h N ) o
%

Figure 6.6. The Hirshfeld surface of the title compound mapped over (a) dnorm, 0.3525 to
1.4929 arbitrary units, (b) shape-index and (c) curvedness.
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Figure 6.7. (a) The full two-dimensional fingerprint plot for Flavanone-thiosemicarbazone
(L°) and fingerprint plots delineated into (b) H---H (¢) C---H/H---C (d) S---H/H---S (e)
Cl---/H---Cl and (f) N---H/H---N contacts.
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The full two-dimensional fingerprint plot for the title compound is given in Figure
6.7.a. The principal intermolecular interactions (Figure 6.7.b-f) are delineated into H---H
(38.9%), C---H/H:--C (20.3%), S---H/H---S (13.1%), CIl---H/H---Cl1 (12.0%) and
N---H/H---N (3.0%) contacts. Note that only for the H---H, C---H/H---C and S---H/H---S
contacts is d. + di (where d. and d; are the distances from a given point on the surface to the
nearest atom outside and inside, respectively), less than the sum of the van der Waals radii
of the individual atoms.

Crystal data, data collection and structure refinement details are summarized in
Table 6.3. The NH and NH, H atoms were located in a difference-Fourier map and refined
freely. The C—bound H atoms were included in calculated positions and treated as riding

atoms: C—-H=0.93-0.98 A with Uj,,(H)=1 2U¢(C).
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Crystal data

Chemical formula
M;

Crystal system, space group
Temperature (K)
a, b, c(A)

a, By (°)

V (A%

Z

Radiation type
p(mm’)

Crystal size (mm)
Data collection
Diffractometer

Absorption correction

Tinin, Tmax

No. of measured, independent and
observed [I > 26(/)] reflections
Rint

(sin 8/)max (A™)

Refinement

R[F? > 26(F%)], wR(F?), S

No. of reflections

No. of parameters

H-atom treatment

ApmaXy Aprnin (e A_3)

Ci6H14CIN3OS

331.81

Triclinic, P1

293

7.8218 (7), 8.4207 (6), 12.3402 (11)
99.838 (7), 95.771 (7), 96.515 (7)
789.66 (12)

2

CuKa

3.41

0.50x 0.17x 0.10

Rigaku OD, SuperNova, Dual, Cu
at zero, Eos

Gaussian (CrysAlis PRO; Rigaku
OD, 2015)

0.464, 1.000

4478, 2766, 2346

0.019
0.596
0.042, 0.121, 1.05

2766
211
H atoms treated by a mixture of

independent and constrained refinement

0.51,-0.41
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6.3.2. FT-IR Spectral Characterization Studies
6.3.2.1. FT-IR Spectra of Flavanone-thiosemicarbazone Ligand (L")
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Figure 6.8. FT-IR Spectra of Flavanone-thiosemicarbazone Ligand (L°).

The FT-IR spectrum of the flavanone-thiosemicarbazone (L’) shows a peak at
3418 cm™, 3250 cm™ and 3147 cm™ attributing to NH and CH. The absorption band at
2132 cm™ and 1962 cm™ indicating the thiocyanate i.e. w(N-C=S) of the compound. The
band observed at 1596 cm™ and 1515 cm™ indicating the mixed vibration of v(C=C) and v
(C=N) and the bands at 1456 cm™ correspond to the vibration of aromatic v(CC) bond. The
peak observed at 1297 ecm™ and 1253 em™ correspond to C-O stretching and the vibration
of the C-H bond is observed at 1090 cm'l, 915 cm™! and 883 cm™. The band at 767 cm’
attribute to the v (C-Cl) bond (Figure 6.8 and Table 6.4).
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6.3.2.2. FT-IR Spectra of Flavanone-thiosemicarbazone Praseodymium Complex

[L5PrCls-H,0] (6.1a)
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Figure 6.9. FT-IR Spectra of Flavanone-thiosemicarbazone Praseodymium Complex
[L°sPrCl;-H,0] (6.1a).

The FT-IR spectra characterization of flavanone-thiosemicarbazone praseodymium
complex [L’;PrCls-H,0] (6.1a) shows the formation of a broad band at 3412 cm™ after
complexation indicating the presence of H,O alone with the mixed vibration of NH and CH
bond. The prominent bands appeared in the free flavanone-thiosemicarbazone ligand
indicating the mixed vibrations of v(C=C) and v (C=N) stretching at 1596 cm™ and 1515
cm” were shifted to higher and lower frequencies values at 1597 cm™ and 1513 cm™. The
band at 2132 cm™ and 1962 cm™ in free flavanone-thiosemicarbazone ligand (L°) shifted
to lower and higher frequencies at 2072 cm” and 1964 cm™. The shifting of the bands in
the complex IR spectra strongly supported the formation of complex with praseodymium
metal at N and S coordination site of the flavanone-thiosemicarbazone ligand (L°) and new

bands appearing at 364 cm™ and 171 cm™ supports the formation of the M-N bond and M-
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S bond respectively supporting the ligand coordination to the metal where this band was

not observed in the free flavanone-thiosemicarbazone ligand (Figure 6.9 and Table 6.4).

6.3.2.3. FT-IR Spectra of Flavanone-thiosemicarbazone Neodymium Complex

[L3;NdCl3-6H,0] (6.1b)

[L’ NdCl,.6H,0] (6.1b)
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Figure 6.10. FT-IR Spectra of Flavanone-thiosemicarbazone Neodymium Complex
[L3NdCl5-H,0] (6.1b).

Analyzing the FT-IR spectra of flavanone-thiosemicarbazone neodymium
complex [L>5NdCl5-H,0] (6.1b) shows that the formation of a broad band at 3414 cm™ and
3155 cm™ after complexation indicate the presence of H,0 alone with the mixed vibration
of NH and CH bond. The prominent bands appeared in the free flavanone-
thiosemicarbazone ligand indicating the mixed vibrations of v(C=C) and v (C=N)
stretching at 1596 cm™ and 1515 cm™ were shifted to higher and lower frequencies values
at 1599 cm” and 1513 cm™. The band at 2132 cm™ and 1962 c¢cm™ in free flavanone-
thiosemicarbazone ligand (L) shifted to lower and higher frequencies at 2085 cm™ and

1965 cm™. The shifting of the bands in the complex IR spectra strongly supported the



Chapter 6 Synthesis of Flavanone-thio... 168

formation of complex with neodymium metal at N and S coordination site of the
flavanone-thiosemicarbazone ligand (L°) and new bands appearing at 375 cm™ and 199cm’
! supports the formation of the M-N bond and M-S bond respectively supporting the ligand
coordination to the metal where this band was not observed in the free flavanone-

thiosemicarbazone ligand (Figure 6.10 and Table 6.4).

6.3.2.4. FT-IR Spectra of Flavanone-thiosemicarbazone Europium Complex

[L’;EuCl;-6H,0] (6.1c¢)
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Figure 6.11. FT-IR Spectra of Flavanone-thiosemicarbazone Europium Complex
[L5EuCls-6H,0] (6.1c).

The formation of a broad band at 3403 cm™ after complexation indicate the presence
of H,O alone with the mixed vibration of NH and CH bond in the FT-IR spectrum of
flavanone-thiosemicarbazone europium complex [L’3EuCls-6H,0] (6.1¢). The prominent
bands attributing to the mixed vibrations of v(C=C) and v (C=N) stretching at 1596 cm™

and 1515 cm™ in the free flavanone-thiosemicarbazone ligand (L°) was shifted to higher
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and lower wavelength at 1599 cm™ and 1512 cm™. The shifting of the frequencies values
fortify the coordination of flavanone-thiosemicarbazone and europium metal and new
bands arising at 364 cm™ and 179 cm™ confirm the formation of the M-N bond and M-S
bond respectively supporting the coordination of the lanthanide to the free flavanone-

thiosemicarbazone ligand (L) (Figure 6.11 and Table 6.4).

6.3.2.5. FT-IR Spectra of Flavanone-thiosemicarbazone Gadolinium Complex

[L’;GdCl;-6H,0] (6.1d)

[L’,GdC1,.6H,0] (6.1d)
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Figure 6.12. FT-IR Spectra of Flavanone-thiosemicarbazone Gadolinium Complex
[L3GdCl;-6H,0] (6.1d).

The FT-IR spectra characterization of flavanone-thiosemicarbazone praseodymium
complex [L*3GdCls-6H,0] (6.1d) shows that after complexation, there is a formation of a
broad band at 3418 cm™ indicating the presence of H,O alone with the mixed vibration of
NH and CH bond. The prominent bands appeared in the free flavanone-thiosemicarbazone
ligand indicating the mixed vibrations of v(C=C) and v (C=N) stretching at 1596 cm™ and

1515 cm™ were shifted to higher and lower frequencies values at 1599 cm™ and 1512 cm™.
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The band at 2132 em™ and 1962 cm™ in free flavanone-thiosemicarbazone ligand (L)
shifted to lower and higher frequencies at 2080 cm™ and 1963 cm™. The shifting of the
bands in the complex IR spectra strongly supported the formation of complex with
gadolinium metal at N and S coordination site of the flavanone-thiosemicarbazone ligand
(L) and new bands appearing at 364 cm™ and 171cm™ supports the formation of the M-N
bond and M-S bond respectively supporting the ligand coordination to the metal where this
band was not observed in the free flavanone-thiosemicarbazone ligand (Figure 6.12 and
Table 6.4). The results of the FT-IR spectra of flavanone-thiosemicarbazone ligand (LY
and its lanthanide complexes (6.1a-d) are tabulated in Table 6.4.
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Table 6.4. Major FT-IR spectral data of the Flavanone-thiosemicarbazone (L°) and its Lanthanide complexes (6.1a-d) (cm™).

Compound Aro(NH) v( N-C=S) VEN) Aro(CC) v(C-0) v(C-H) voC-Cl) v(M-N) v(M-Cl) v(M-S)
(CH) (C=0)

Flavanone- 3418, 2132 1596 1456 1297 1090 767 - - -
thiosemicarbazone 3250 1962 1515 1253 915, 883
(L% 3147
[L’;PrCls-H,0] 2072 1597 1450 1299 1091, 767 364 271 171
(6.1a) a2 1964 1513 1250 917, 883
[L’;NdCl3-6H,0] 3414 2085 1599 1453 1298 1091 767 375 283 199
(6.1b) 3155 1965 1513 1252 915, 883
[L’;EuCls-6H,0] 2087 1599 1452 1279 1081 767 364 281 179
(6.1¢) 3403 1963 1512 1252 917, 883
[L’;GdCl3-6H,0] 2413 2080 1599 1453 1279 1080 767 366 278 150

(6.1d) 1963 1512 1252 915, 883
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6.3.3. UV-Vis Spectral Characterization Studies
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Figure 6.13. UV-Vis spectra of Flavanone-thiosemicarbazone ligand (L*) and its Lanthanide
Complexes (6.1a-d) in different solvents (conc. 1x10” M).

UV-Vis spectra of Flavanone-thiosemicarbazone ligand (L°) and its Lanthanide
complexes (6.1a-d) in different solvents such as dimethyl-sulfoxide (DMSO),
dimethylformamide (DMF), methanol (MeOH) and 1,4-dioxane were recorded at
concentration of 1x10° M. On recording the electronic spectra of free flavanone-
thiosemicarbazone ligand (L*), a maximum absorption band was observed at around 332 nm,
330 nm, 326 nm and 335 nm in DMSO, DMF, MeOH and 1,4-dioxane respectively. We
observed that on increasing the polarity of the solvent the absorption band move toward the

higher intensity. Similarly, we have recorded for the flavanone-thiosemicarbazone lanthanide
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complexes (6.1a-d) in dimethyl-sulfoxide (DMSO), methanol (MeOH), dimethylformamide
(DMF) and 1,4-dioxane solvents at same 1x10”° M concentrations and found that with the
increase in polarity of the solvent the absorption intensity move toward higher inensity in all
the flavanone-thiosemicarbazone lanthanide complexes (6.1a-d) as revealed in Figure 6.13.
and Table 6.5. When ligand interacts with the metal (Ln = Pr **, Nd **, Eu’" and Gd®") and
forms complex, the metal- ligand bond length is shortened and a strong bond is formed there
by increasing the absorption intensity of UV- Vis spectra of the complex compared to the
intensity of the absorption spectra of ligand alone (Nephelauxetic Effect). In all the solvents
(DMSO, DMF, MeOH and 1,4-Dioxane), the intensity of the flavanone-thiosemicarbazone
ligand and its complexes are in the order L > [L53PrC13-H20] (6.1a) > [L53NdCl3-6H20]
(6.1b) > [L*5EuCl;-6H,0] (6.1¢) > [L’3GdCl3-6H,0] (6.1d) which signifies the formation of
the complexes of lanthanide with flavanone-thiosemicarbazone ligand (L*) which is in the

same order of the electronegativity in the periodic table.

Table 6.5. UV-Vis spectral values of Flavanone-thiosemicarbazone Ligand (L°) and its
Lanthanide Complexes (6.1a-d).

Compound DMSO DMF MeOH 1,4-Dioxane
Amax(a.01) Amax(a.01) Amax(a.11) Amax(a.11)

Flavanone — 310 (1.1350) 309 (1.0311) 303 (1.3327)  335(1.6437)

thiosemicarbazone (L%) 332 (2.2206) 330 (1.8663) 326 (2.0531)

[L’sPrCl;-H,0](6.1a)

[L>5NdCl;-6H,0] (6.1b)

[L*sEuCls-6H,0] (6.1¢)

[L>5GdCl;-6H,0] (6.1d)

343 (1.9393)
310 (1.0365)
332 (1.8718)
343 (1.6785)
310 (0.9628)
332 (1.7494)
343 (1.6820)
310 (0.9232)
332 (1.6791)
344 (1.5035)
310 (0.8182)
332 (1.4375)
344 (1.3046)

342 (1.6739)
309 (0.9849)
330 (1.7852)
342 (1.6114)
309 (0.9615)
331 (1.7026)
342 (1.5278)
309 (0.9070)
330 (1.5934)
342 (1.4398)
309 (0.8051)
330 (1.3896)
342 (1.2945)

338 (1.7092)
305 (1.1522)
326 (1.6619)
339 (1.4193)
305 (1.1014)
326 (1.5809)
338 (1.3671)
305 (0.9723)
327 (1.4204)
338 (1.2177)
305 (0.9121)
327 (1.3048)
338 (1.1250)

328 (1.5244)
332 (1.5538)

326 (1.4197)
334 (1.5027)

329 (1.2857)
335(1.3656)

330 (1.1964)
335 (1.2411)
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6.3.4. Thermogravimetric Analysis
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Figure 6.14. TGA curve for Flavanone-thiosemicarbazone Ligand (L*) and its Lanthanide
Complexes (6.1a-d).

Thermogravimetic analyses (weight change) were recorded at 10 °C/minute at a
temperature range from 29 °C to 900 °C under nitrogen atmosphere in order to study the
thermal behavior of flavanone-thiosemicarbazone ligand (L*) and its lanthanide(III)
complexes (6.1a-d) at different temperature. The thermal stability of the complexes were
specify by the ligand to a great extend and at an average temperature the decomposition of the
lanthanide complexes begins step by step and yield a residue of metal complexes even at high
temperature showing its thermal stability. From the obtained TGA curve the weight loss of the
free flavanone-thiosemicarbazone ligand (L*) and its lanthanide metal complexes (6.1a-d) at
different temperature were analyzed experimentally and theoretically. The typical

thermograms of the flavanone-thiosemicarbazone ligand (L°) and its lanthanide metal
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complexes; [L’;PrCly-H,0] (6.1a), [L>5NdCl;-6H,0] (6.1b), [L’3EuCl;-6H,0] (6.1¢), and
[L*3GdCls-6H,0] (6.1d) are represented in Figure 6.14. and the detail decomposition of the
compounds respected to the temperature is tabulated in Table 6.6.

The first decomposition of the flavanone-thiosemicarbazone ligand (L°) was observed
at temperature between 30 °C-425 °C with weight loss of 43.80% followed by second
decomposition of 12.38% weight loss at temperature between 425 °C-616 °C. The third
decomposition starts at temperature 616 °C with incomplete decomposing of the compound.

While those of the flavanone-thiosemicarbazone lanthanides complexes (6.1a-d) shows
four stages of decomposition with a residue left at the end supporting the metal contain. In all
the complexes the decomposition starts with 21%-26% of weight loss with a temperature
range between 30 °C-125 °C, decomposition of the complexes continue till the fourth stage at
around 623 °C-776 °C corresponding to the molecules of the organic ligand and shows its
thermal stability thereafter with a residue of metal alone with the nitrogen and sulphur of the

ligand coordinated to it.



Chapter 6

Synthesis of Flavanone-thio... 176

Table 6.6. Thermo gravimetric analysis of Flavanone-thiosemicarbazone Ligand (L’) and its Lanthanide Complexes (6.1a-d).

Temperature Weight Loss (%)
Compound ©C) (Experiment/Theoretical) Decomposed Compound
Flavanone — 30.00 —425.60 44.25% / 43.80% CeHa, C1, S and 2H

thiosemicarbazone (L°)

[L’;PrCl3-H,0] (6.1a)

[L’;NdCl;-6H,0] (6.1b)

[L*sEuCls-6H,0] (6.1¢)

[L’;GdCl;-6H,0] (6.1d)

425.60 - 616.49
616.49...

30.00 — 134.14
134.14 - 360.15
360.15 - 776.51
77.51...

30.00 — 125.53
125.53 —429.13
429.13 - 623.56
623.56...
30.00-114.14
114.14 —405.57
405.57 - 609.53
609.53...

30.00 — 136.64
136.16 — 326.50
326.50 —742.10
742.10 ...

12.04% / 12.38%
43.04% / 43.80%
21.90% /21.95%
18.98% / 18.37%
20.32% /20.68%
39.61% / 38.98%
23.17% / 23.53%
24.08% / 24.30%
11.19% / 11.25%
43.77% / 43.15%
12.21% / 12.66%
21.34% /21.94%
10.38% / 10.57%
47.48% / 48.15%
26.44% / 26.83%
15.10% / 15.83%
21.83%/21.11%
36.63%/36.21%

CN-NH-N

C6H4 and C3O

H,0, 6Cl and 3(NH,)

3 (C6H4) and H3

2 (CoH;0)

CoHgO , 3(N-N-S) and Pr
6 (H,O) and 6Cl

3(NH2) R C9H6O and C6H4
2 (CeHy)

CoHgO , 3(N-N-S) and Nd
6 (H,0), 3(NH,) and 4 Cl
2 (C6H4) and 2 Cl

CoHsO

2(CsH0) , 3(N-N-8) and Eu
6 (H,0), 3(NH,) and 2 Cl
2 Cl and C6H4

2 (C6H4) C9H6O and 6 H
CoHgO , 3(N-N-S) and Gd




Chapter 6 Synthesis of Flavanone-thio... 177

6.4. Conclusion

In conclusion, we report the novel synthesis of flavanone-thiosemicarbazone
ligand (L*) and its lanthanide complexes; [L’;PrCls-H,0] (6.1a), [L’sNdCls-6H,0] (6.1b),
[L>5EuCl;-6H,0] (6.1¢) and [L’;GdCly-6H,0] (6.1d). All the synthesized flavanone-
thiosemicarbazone lanthanide complexes were well investigated for their various
spectroscopic studies. The IR spectra of all complexes were found that there is a chelate
band shift and formation of new band in complexes comparing with that of free flavanone-
thiosemicarbazone ligand which confirm the complexation. The UV-Vis absorption spectra
of the complexes increase with the increase in the polarity of the solvents and found that
the absorption bands move toward higher intensity in all the flavanone-thiosemicarbazone
lanthanide complexes (6.1a-d). In future, these newly synthesized flavanone-
thiosemicarbazone lanthanide complexes may be of value for numerous applications in

various scientific areas.
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