CHAPTER 1 T
INTRODUCTION . s j

Since the first discovery of macrocyclic compounds™ tK 1960’s, researchers

have been working to develop and produce new ocycl swariety of

L

ds in man ea‘s,f@gﬂly

t%' ield\d‘ﬁé' to their
gavd tainir@?t(r.ogen atoms
pou@Besides, it has a

1.1  Background

applications. Macrocycles are highly demanding co

in catalysis, bioinorganic, coordination chemi

diverse chemical properties. Tetraaza macw

easily reacts with many types of organi %norganic
high tendency to form coordination@g with @iogm ati%‘ns. However, there is
an inherence challenge in synth%aza rﬁacro ic I@Jsing the metal template
e dur@clisation process. Besides, it

method as not all metal ion X asr
'realed from the complex during

is also very hard f etal io e
's $ &
demetallization pw obm |gan<$.}
Therefore, Bohari an ' de@‘f a novel method that involves preparing
¢

free macroc %Dand efore nQ’ert'Qg t into a metal complex in a simple step with
hd

to

a promiging yield (Hés ‘,%\I., 26@ The discovery of the non-template method of
5,5,Lh2,14-hexamethy|-1,@-tetraazacycl0tetradeca—7,14-dienium salts ligand
@zned the complexation reaction with various transition metal ions such as
% er, nickel, and zinc complexes (Fairus et al., 2015). In addition, the ultraviolet
V)-visible spectrometric analysis indicated the existence of the azomethine

chromophore and the intense d-d transition indicates that the metal complex was
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successfully maintained in its original tetraaza ligand structure. Hence, this research
utilizes the theoretical approach to understand the metal-ligand during compl ,
the structural, electronic, and optical properties of the Pd(I1) tetraaza macro@}gand
as a cationic compound. Pd(I1) ion acts as central metal ion because it ides empty
orbitals to be shared with tetraaza macrocyclic ligand, hence indirew.elevating the
probability of electron transfer during the excitation process.

Based on recent research, metal complex is acti mrid as promising
material for optoelectronic potential application sinCeyit ha Wr optical

ti-dimensi Itt@‘g In

th% perﬂgbf metal

with a@tgp;r structural
0 th@f(ganic species, the

square-planar metal complexes ha ctron- \mg ;Q'L\Nhich is expected to

N
demonstrate non-linear optical%ur Igackle al., @9). Therefore, this work
further examines the optica Xe o’ omp@ different solvation media at

excited state using TD% roacr} i"' Q’
an C}/

N |

properties (NLO) such as switchable, tuneable, an

addition, the polarity of the solvent also inf

complex. This happens when the polarity Iv

design can lead to extraordinary NLO era s. Co
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1.2  Problem,Statément N
¢ ! (.?(J
The s@tion pr atﬁn @ uch complexes mentioned above contains
\
;hjl

drawba% tistép sive supply and lower yield. The demetallization for the
sady -

tem method was also Q@d to be difficult (Edwards et al., 2011). Recent
e \hental studies have reported the successful template-free synthesis of protonated
etraaza macrocyclic ligand and metal complex as cationic compounds (Chandra et al.,
005b) (Tseberlidis et al., 2019). However, until today, there are limited theoretical

studies that specifically reported on metal-ligand interaction during complexation,
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structure of protonated tetraaza macrocyclic ligand and cationic Pd(ll) tetraaza
macrocyclic complex. As a result, this research aims to provide better understw
role of protonated tetraaza macrocyclic ligand in the complexation proces% d(ln)

ion, as well as to investigate their structural behaviour using density f al theory
(DFT) and time-dependent density functional theory (TD-DFT) calcgtions. Besides,
it is also aims to explore the electronic and optical propqitw Pd(Il) tetraaza

macrocyclic complex. This is because metal complex con etrafza macrocyclic

ligand is a growing material for optoelectronic applicati Ish raWOZO) (Al-
"X

Zubaidi et al., 2020). Hence, this research identif%h potential Pc‘(II.L aaza

macrocyclic ligand as optoelectronic material b ing{ fViKV&'f how its
. . . . AN .

electronic and optical properties at excite te spon?e towards ent solvation

polarity. \ > é
\ e
A
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1.3 Research Question q <2-
1. What is the fact %ﬂce [ﬁg t@it at the centre of the tetraaza
{

macrocycli

's ¢ &
2. What is werg@ ectrogahsfer of Pd (Il) tetraaza macrocyclic
int %epe em? &
LR e
h the/ impli tie'n eL e optical properties of Pd (Il) tetraaza

\

%ikocycl "mg d‘iizfé?ent solvent polarity at excited states?
Y

2\ S

6 Hypothesis
1. The presence of lone pair at each N atom from the tetraaza macrocyclic

ligand will guide the Pd(I1) to occupy the centre of the macrocyclic ligand.

w
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2. Small excitation energy will be released during intramolecular charge

transfer in response to external perturbation at excited state. Y‘l

3. The increase in solvation polarity may enhance the optical ;@95 of
Pd(Il) tetraaza macrocyclic complex. *
15  Objectives \,

This research has the following objectives: z

1. Todetermine the structural and electronic behawiour o tewﬂcrocycllc

ligand and Pd(Il) tetraaza macrocyclu@x groun at‘ uing DFT

calculation.

2. To calculate the optical propertigs,of Pd(11) n‘raa acr c complex at

excited state using TD- DF\ icui}lon.

3. To measure the optical ;@Stles of %ra a@\acrocycllc complex at
\

excited state usmg solvg}ns c |o polarlzable continuum
N

1.6  Scopeof R %h
The purp&‘thls re to de@ne the structural behaviour of tetraaza

(.z

macrocycllc and|it§’ ¢ g DFT. The initial structure of tetraaza

model.
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macrocy d a}d ts e@e optimized using a different level basis set to

determmN.;I ir lowest conforn@:g%' energy and then the optimized structures will be

: d through geometrical parameters such as bond length and bond angle. Next, the
a

I-ligand interaction of Pd(I1) tetraaza macrocyclic complex was examined from the

Qctronic properties such as natural bond orbital (NBO), molecular electrostatic

potential surface (MEPS), and surface contour. Besides, the aim of this research is to
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calculate the optical properties of Pd(Il) tetraaza macrocyclic complex at excited state

using TD-DFT calculation. The structure was optimized at gas phase and im
output such as HOMO-LUMO, energy gap, hyperpolarizibility and dipole @ will
be extracted. Finally, the optical responses on Pd(l1) tetraaza macrocycl lex were

analysed via various solvent (hexane, chloroform, methanol, aceto%ile, water) by

applying IEF-PCM. V





