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Spectroscopic Studies of some Coumarin Derivatives and some of
their Transition Metal Complexes

by
Huda Mohammad Al-Amri

Abstract

The Schiff base ligands 4-methyl-7-(salicylidineamino) coumarin, HL;,
N N2-bis[8-(1-ethylidene)-7-hydroxy-2H-chromen-2-one] ethane-1,2-
diamine, H,L,, 8-{(1E)-1-[(2-aminophenyl)iminio]ethyl}-2,7-dioxo-7,8-
dihydro-2H-chromen-8-ide, HL; and (Z)-8-(1-(4-aminophenylamino)
ethylidene)-2H-chromene-2,7(8H)-dione, HL, and their M(ll) transition
metal complexes, [M = Zn, Cd and Cu] for HL; and [M = Zn, Cd, Cu, Ni
and Pd] for H,L,, HL3; and HL,4 have been synthesized and characterized
on the bases of elemental analysis, molar conductance, single- crystal X-
ray diffraction study, nuclear magnetic resonance and a variety of spectral
methods. The molar conductance value revealed that the chelates are
nonelectrolytic in nature. IR spectra show that the Schiff base are
coordinated to the metal ions via an azomethine nitrogen and phenolic
oxygen while the lactone carbonyl does not participate in coordination.
Other spectral studies such as NMR studies, UV/vis, mass spectra and
ESR suggested the tentative structures for HL,;, H,L,, HL3; and HL,4
complexes.

The fluorescence studies showed that the Schiff base ligands exhibited
fluorescence emission at the blue region. Upon coordination with Zn(ll)
and Cd(ll) an enhanced fluorescence intensity was obtained. However the
coordination of Cu(ll), Ni(ll) and Pd(Il) quenched the fluorescence
intensity.

Based on the research we suggest that the Schiff base ligand HL; could
be used as a potential Zn?* sensor while HLz could be used as a laser dye
In comparison to 7-amino-4-methylcoumarin. It's zinc complex could be
used as a potential Zn?* sensor even in the presence of other ions and as a
photoactive material in many applications.



Summary

The thesis comprises three chapters. The first is concerned with the
literature survey of the chemistry of coumarins and their fluorescence

properties.

The second chapter is devoted to the experimental part. The synthesis of
four chelating Schiff base compounds containing coumarin moiety HL,,
H,L,, HL3; and HL,4 and their transition metal complexes namely Zn(ll),
Cd(11), Cu(I), Ni(Il) and Pd(Il). The analytical data of the ligands and

their complexes are given.

The working procedure and the instruments used for characterization of
the prepared compounds (Single crystal X-ray diffraction, IR, UV-visible,
'H NMR, *C NMR, ESR, mass spectra and fluorescence measurements)

are also described.

The third chapter is concerned with the results and discussion and is

divided into seven parts:

The first part deals with the infrared spectra of the Ligands, their metal
complexes and the assignment of the position of the fundamental groups,

mainly -OH, C=N and lacton (or keto) C=0.



The thermal studies including thermograveimetric analysis (TG) and
derivative thermogravimetric (DTG) of some hydrated metal complexes
are given in the second part.

The third part is devoted to discuss the electronic absorption spectra of
the organic ligands and their transition metal complexes. These studies
revealed partially the tentative structure for the complexes as in the table
at the end.

From the empirical formula and 'H NMR studies of [Zn(L.),] and
[Cd(L,)2 (H,0),] complexes a tetrahedral geometry for the former and an
octahedral geometry for later was suggested, while the electronic spectra
for the [{Cu(L.).}.] complex and single crystal X-ray diffraction and
ESR studies are consistent with a penta coordinate symmetry.

[ZnL;] and [CdL;] complexes are proposed to have a tetrahedral
geometry. The visible spectrum of the [CuL,] complex was typical for a
square planar one. The diamagnetic [NiL;], [PdL;], [CuLsOAc],
[PAL3CI], [CuHL4(OAC),], [PdHL4CI;], complexes have a square planar
geometry around the metal atoms.

[NiLsCI(H20),], [NIHL4CI>(H0),], [Zn(L3).].2H,0 and
[ZnHL4(OAC),(H,0),] complexes have an octahedral geometry. The
empirical formula for [CdL3;OAc].H,O and [CdHL4(OACc);].2H,0 are

consistent with their tetrahedral geometry.



The fourth part is concerned with the fluorescence studies. The Schiff
base ligands exhibited fluorescence emission at the blue region where
HL; ligand shows maximum fluorescence compared to HL,, H,L, and
HL, and even to the well-known laser dye 7-amino-4-methylcoumarin.
However, the fluorescence intensity is enhanced in the presence of Zn*?
and Cd*? in DMSO. Metal ion like Cu(l1), Ni(Il) and Pd(Il) quench the
fluorescence.

The fifth part is related to the ESR spectra for copper complexes. The
data proved the monomeric structure and the square- planar geometry of
[CuL;], [CuL3OAc] complexes and pseudo tetrahedral geometry for
[CUHL4(OAC),].

The sixth part deals with the mass spectral analysis which confirmed the
proposed structure of the organic ligand H,L,, HL; and HL,.

Finally the *H NMR and *3C spectra of the organic ligands H,L,, HL; and
HL, and some of their metal (I1) complexes in DMSO dg were discussed
in the seventh part. The spectra ensured the ligand and the complexes
purity in solution and elucidated the differently positioned proton and
carbon atoms.

The thesis ended with a list of references used in the work (115). The data
are collected in (17) tables and illustrated in (78) figures.

Representative structures of the transition metal complexes
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