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PREFACE

The research documented in the thesis titled "Design of Luminescent Polypyridyl-
Imidazole Based Ruthenium Complexes and Implication of Machine Learning and
Artificial Intelligent Tools to Analyse Their Stimuli-Responsive Behaviours™ was
conducted at the Department of Chemistry of Jadavpur University from 2018 to 2024.
The thesis comprises seven chapters.

Chapter 1 provides an insightful overview of the photophysical and
electrochemical characteristics of Ru(ll) complexes derived from polypyridine ligands.
The narrative delves into a concise review of Ru(ll) complexes incorporating diverse
polyheterocyclic ligands, placing special emphasis on their thoughtful design and
photophysical attributes. The discussion extends to the modulation of photophysical
properties in the presence of various external stimuli. Additionally, a thorough
exploration unfolds, shedding light on the intricate Boolean logic operations and artificial
intelligence-based tools demonstrated by these complexes. The review encapsulates their
optical and electrochemical responses in the presence of a broad spectrum of activating
inputs. Finally, the chapter concludes with a thoughtful reflection on the objectives and

scope of this dissertation.

Chapter 2 details the synthesis and thorough characterization of a polypyridyl-
imidazole-based bridging ligand (phen-H,PhImz-bpy) with three bidentate coordinating
sites and its monometallic, bimetallic, as well as trimetallic Ru(ll) complexes. The
investigation focuses on the systematic modulation of MLCT absorption, emission, and
redox behavior with the gradual incorporation of Ru®" units. The study establishes
structure-property relationships, revealing that the complexes are promising building

blocks for various light-harvesting applications.

Chapter 3 presents thorough investigations on the anion- and acid-responsive
behaviors of the three Ru(Il) complexes as reported in Chapter 2. Thereafter, the adaptive
neuro-fuzzy inference system (ANFIS) encompassing five membership functions, viz.,
triangular (trimf), trapezoidal (trapmf), generalized bell-shaped (gbellmf), Gaussian

(gaussmf), and pi-shaped (pimf), has been employed for accurate prediction of the



experimental data as well as for appropriate modeling of the sensing characteristics of the

complexes.

Chapter 4 explores the anion- and pH-sensing behaviors of an imidazole-
dicarboxylate-based Ru(ll)-bipyridine complex employed for the creation of multiple
Boolean and fuzzy logic systems. The absorption, emission, and electrochemical
behaviors of the metalloreceptor were significantly modulated upon the influence of basic
anions (such as F, AcO’, and H,PO,) as well as by altering the pH of the solution. The
metalloreceptor demonstrates several advanced Boolean functions, namely, three-input
OR gate, set-reset flip-flop logic, and traffic signal, by employing its electrochemical
responses through proper use of different inputs. Several soft computing tools, viz.,
artificial neural networks (ANN), fuzzy logic systems (FLS), and adaptive neuro-fuzzy
inference system (ANFIS), are also employed to foresee the experimental sensing data
and to appropriately model the protonation-deprotonation behaviors of the
metalloreceptor.

Chapter 5 discusses the anion-responsive behaviors of two heteroleptic bis-
tridentate  Ru(ll) complexes comprising of 2,6-bis(benzimidazole-2-yl)pyridine
(Hzpbbzim) as well as 2-naphthyl (tpy-Naph) and 9-anthryl (tpy-Anth) substituted
terpyridine ligands. Remarkable changes in their absorption, emission, as well as
electrochemical and spectroelectrochemical responses, occur in the presence of selected
anions. Restoration of their initial states is made possible by acid, and the process is
reversible. The spectral, electrochemical, and spectroelectrochemical responses of the
complexes upon the influence of anions and acid were employed to mimic the operations
of YES-NOT and set-reset flip-flop logic gates. Finally, machine learning tools such as
artificial neural networks (ANNS), adaptive neuro-fuzzy inference system (ANFIS), and
decision tree (DT) regression are employed to analyze and forecast the experimental data.
The outcomes of the ANN, ANFIS, and DT methods are also tallied with the

experimental results.

Chapter 6 examines the cation- and anion-responsive behaviors of a terpyridyl-
imidazole-based bifunctional receptor (tpy-HImzPhsNMe;). The compound serves as a
multi-channel sensor for both anions (F, CN") as well as cation (Fe?*). Experimental and



computational analyses, including DFT and TD-DFT calculations, provide insights into
the electronic structure of the receptor as well as the mode of interaction with incoming
ions. The receptor demonstrates several Boolean logic functions. Additionally, ANNSs,
ANFIS, and decision tree regression analysis are executed to thoroughly analyze and also

predict the ion-sensing behavior of the receptor.

Chapter 7 addresses the modulation of spectral properties of a terpyridyl-
imidazole-based bifunctional receptor (tpy-HImzPhs). Significant alteration in its
absorption and emission spectral profiles takes place in the presence of selected cations
and anions. The spectral responses are utilized for mimicking several Boolean logic
functions. Fuzzy logic is also implemented to establish an infinite-valued setup, while

ANN and ANFIS are employed for accurate prediction of the experimental data.
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Chapterl

1.1. General Introduction

Ru(ll) complexes with polypyridine ligands play promising role in diverse field of
research such as artificial photosynthesis, dye-sensitized solar cells, photocatalysis,
molecular electronic devices and chemosensors. Ru(ll)-polypyridine complexes possess
excellent photophysical and redox characteristics which in turn make them suitable
candidates for the aforementioned applications.*™® The significant progress in this area
began with the inclusion of the [Ru(bpy)s]** complex by virtue of its unique combination

1121 and also because of its excellent

of photophysical and electrochemical properties
photosensitizing characteristics.”*® Later on, a variety of polypyridine ligands were
designed, incorporating either bidentate chelating sites of the 2,2'-bipyridine (bpy) type or
tridentate chelating sites of the 2,2".6',2"-terpyridine (tpy) type, in order to control the
topology as well as photo-redox characteristics of the resulting complexes. Ru(ll)
complexes with ligands of bpy types display strong and long-lived luminescence at room
temperature (RT), while the complexes possessing terpyridine-type ligands show no
emission, accompanied with an extremely short-lived excited state {lifetime (t) =250
ps}.?>?8 The octahedral complexes from bpy-type ligands lead to diastereomeric mixtures
that are frequently challenging to separate. Conversely, the [Ru(tpy).]**-type complexes
produce achiral rod-like structures.?%*

Modulation of photo-redox properties of this sort of complexes is essential criteria
for their utility in various applications.***! Fine tuning of the said properties could be
feasible upon incorporation of suitable chromophoric units as well as different types of
receptor moieties that can interact with various external stimuli, such as anions, cations,
pH, temperature and light. The major goal of this dissertation is to design luminescent
Ru(11) complexes bearing both bipyridine- as well as terpyridine-type ligands and utilized
the complexes to mimic various sophisticated functions such as those of sensors and
switches. To achieve our goal, we have judiciously incorporated several heterocyclic
motifs such as azole (imidazole and thiazole) moieties as well as stilbene units in the
complex architectures. The azole protons under the coordinating influence of Ru(ll) units
became acidic which upon interaction with selective anionic guests could induce
substantial modulation in the photo-redox properties in the resulting complexes. Taking

advantage of one or more stilbene motif (s), reversible trans-cis isomerization

1
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accompanied with remarkable alteration of their physico-chemical properties could be
feasible. Temperature is also expected to play a vital role on the emission characteristics
of the Ru(ll) complexes, in particular with the terpyridine-type ligands, through
adjustment of their *MLCT-3MC energy barrier. Hence, temperature induced alteration of
emission characteristics is also a distinct possibility in this sort of Ru(ll)-polypyridine
complexes. In conjunction with experimental demonstrations, theoretical investigations
employing density functional theory (DFT) as well as time-dependent (TD)-DFT will be
thoroughly investigated to understand the electronic nature of the complexes as well as
for appropriate assignments of their spectral bands.

One of the major objectives of the present dissertation is to utilize the spectral and
electrochemical responses of the complexes in presence of different stimuli to mimic the
operations of multiple Boolean Logic (BL) as well as Fuzzy Logic (FL). Within Boolean
Logic (BL), the output signal fluctuates between the two extremes of “0" or "1".29*
However, practical systems frequently encompass an immense array of intermediate states.
To effectively handle these in-between states, Fuzzy Logic (FL) proves to be a suitable
option.***® Hence, we employed Fuzzy Logic (FL) to devise an algorithm based on
infinite-valued logic, utilizing the spectral output of the complexes in the presence of
various stimuli for better understanding the stimuli-responsive behaviors of the
complexes.>®®® Executing comprehensive sensing experiments that involve varying the
analyte concentration across a broad range can be extremely laborious, time-intensive,
and financially demanding. In order to overcome this lacuna, we employed several
advanced artificial intelligence based soft computing techniques, including Artificial
Neural Network (ANNSs), Fuzzy Logic (FL), Adaptive Neuro-Fuzzy Inference System

69-74

(ANFIS) and supervised learning based decision tree regression (DTR) to analyze

and predict the experimental stimuli-responsive behaviors of the complexes.

1.2. Overview of the Photophysical Behaviors of Ru(ll) Complexes
Based on Polypyridine Ligands

We have already discussed in the previous section that Ru(ll) complexes of polypyridyl
ligands are potential building blocks for light harvesting applications due to their unique

combination of photophysical, photochemical, and electrochemical properties.**" The

2
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complexes strongly absorb in the visible (between 420 and 500 nm), display strong room
temperature (RT) luminescence in the red and decay to the ground state via primarily
SMLCT state with lifetimes that vary between a few nanoseconds to a few
microseconds.??"">"" Photophysical properties of parent [Ru(bpy)s]** and [Ru(tpy).]*
are depicted in Table 1.1 and Figure 1.1. The absorption spectral profile of complexes is
characterized by metal-to-ligand charge transfer (MLCT), metal-centered (MC), and
ligand-centered (LC) bands. The positioning of these bands is contingent upon the
electronic nature of the ligand environment (Figure 1.1.). A review of the literature
indicates that complexes of the [Ru(bpy)s]** type demonstrate superior luminescent
properties when compared to their [Ru(tpy).]** analogs.>2*"%8! While both categories of
complexes exhibit prominent absorption bands in the visible region resulting from MLCT
transitions, they also feature highly intense bands in the UV region attributable to ligand-

centered transitions, 23297886

Table 1.1. Photophysical Components of the Parent Ru(Il) Complexes in Deaerated
CH3CN at RT.

Complex Amac Amac™s | Texsn 298 K, | Ref.
(MLCT), nm | nm ns
Ru(bpy)s~* 454 620 800 23,28
Ru(tpy),”" 475 628 <5 23,28
s |@ [Ru(bpy)s]** (b) [Ru(tpy)2]™

LC

Ex107w'em™

200 300 400 500
Wavelength (nm)

Wavelength (nm)

Figure 1.1. UV-vis absorption spectral profiles of [Ru(bpy)s]** (a) and [Ru(tpy).]** (b) in
MeCN.

Upon light irradiation, the complexes first go the *MLCT excited state, followed by very
rapid intersystem crossing to either 3MC or 3MLCT states, or both. Subsequently, they

3
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deactivated to the ground state through either radiative or non-radiative pathway.”*% The
deactivation process primarily relies on the energetic relationships among the *MLCT,
$MC, and 3LC states. In complexes containing the [Ru(bpy)s]** moiety, the lowest-energy
excited state is primarily *MLCT, and it experiences radiative deactivation with a
relatively prolonged lifetime. In contrast, complexes containing the [Ru(tpy)2]** motif
typically exhibit non-emissive or very weakly emissive behavior due to the close
proximity of their emitting *MLCT and non-emitting *MC states at room temperature
(Figure 1.2).

1.3. Electrochemical Behaviors of Ru(ll) Complexes Based on

Polypyridine Ligands

The electrochemical characteristics of polypyridine Ru(ll) complexes are intriguing due
to their reversible nature. The highest occupied molecular orbital (HOMO) is primarily
located on the metal site, indicating that oxidation converts Ru(Il) to Ru(lll). Conversely,
the lowest unoccupied molecular orbital (LUMO) is localized over the pyridine rings, and
during reduction, electrons accumulate on the LUMO of the polypyridine ligands.”*" It
is noted that mono-metallic complexes typically exhibit a single reversible oxidation in
the positive potential window and multiple reduction peaks in the negative potential

window.

Figure 1.2. Simplfied energy profile diagram.
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1.4. Implementation of Logic Functions

Electronic devices play a crucial role in our everyday lives, reshaping the world
by facilitating communication, sharing information, and managing the storage and
processing of data. The operational principles of these digital electronic devices are
rooted in the logical foundations of Boolean algebra. In practical terms, Boolean algebra
involves manipulating two binary codes, namely "On-state (1)" and "Off-State (0)." Data
processing relies on logical operations with single or multiple logic inputs, resulting in a
single output in each case. Typically, eight fundamental logic operations, viz. OR, AND,
XOR, NOR, NAND, XNOR, INHIBIT (INH), and IMPLICATION (IMP) are employed
for this purpose. Beyond these, more complex combinational logic operations can be
derived from the fundamental logic systems. The fundamental circuits undergo arithmetic
and other intricate operations, leading to the creation of various complex circuits such as

half-adder/subtractor, "°! keypad-lock, % set-reset-flip-flop, % 94-96

97-99

memory-device,
multiplexer/demultiplexer/exciplex, and encoder/decoder, ** among others.
Silicon-based technology is highly efficient for modern integrated circuits, but its
primary limitation lies in size constraints. Molecular computation surpasses silicon-based
devices by operating with information at the nanometer scale. Consequently, molecular
mimicry of logic gates, proposed by de Silva in 1993, 33! is considered to be a promising
alternative. Therefore, the design of stimuli-responsive molecules becomes crucial to
achieve computation at the molecular-level. The output signals of these molecules,
triggered by various external stimuli such as temperature, anions, cations, pH, light, etc.,

are frequently employed to construct diverse binary logic functions.

1.5. A Concise Examination of Ru(ll) Complexes Formed by Poly-

Pyridine Ligands: A Brief Overview

Research groups worldwide have published numerous noteworthy reviews and papers
highlighting the photophysical, photochemical, and electrochemical characteristics of
Ru(Il) complexes encompassing both bipyridine and terpyridine type ligands, 2*2%7>%!
The optoelectronic properties of the complexes can be adjusted by modifying the
electronic distribution in the ligand backbone or through interaction with different

external guests, including anions, cations, temperature, pH, solvent, and light. This

5
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dissertation will examine pertinent literature that aligns with the subject matter of our
current study.

Das and colleagues synthesized a set of ruthenium(ll) diimine complexes (1-3)
and explored the ligand-localized charge transfer states (ILCT and LLCT) through optical

absorption and emission studies (Scheme 1.1).100

Scheme 1.1
Maiya et al have synthesised a photo-redox switch by employing [Ru(phen)s]**
motif as the active unit and quinone/hydroquinone as control unit (Scheme 1.2). The
quinone form is non-luminescent at room temperature while the electrochemically

generated hydroquinone form is luminescent with quantum yield of 0.02 (Amax= 601
101

nm).
A
7,
I N
~N
|
N
| ~
= 4

Scheme 1.2
Meyer and his colleagues have detailed the synthesis and analysis of an amide-
bridged dinuclear architecture of the type, [Ru(bpy).(bpy-ph-NH-CO-trpy)Ru(bpy)
(OH,)]*" (where bpy=2.2"-bipyridine; bpy-ph-NH-CO-trpy=4-(2,2":6',2"-terpyridin-4'-
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yl)-N-[(4-methyl-2,2'-bipyridin-4-yl)methyl]benzamide).’*? This assembly is noteworthy
for incorporating both a light-harvesting chromophore and a water oxidation catalyst. The
inclusion of a saturated methylene linker preserves the individual characteristics of the
chromophore and the catalyst, maintaining the properties of the water oxidation catalysis
together with a deliberate slow energy transfer from the excited state of the chromophore
to the catalyst (Scheme 1.3).

Chromophore

Scheme 1.3

Rau and his collaborators designed mixed-metal complex composed of
ruthenium(Il) and gold(111) metals, by employing tetrapyridophenazine (tpphz) bridging
ligand (Scheme 1.4).1% This complex exhibits an isostructural and isoelectronic nature
similar to widely recognized photocatalysts containing palladium(ll) or platinum(ll).
Concentration-dependent *H-NMR spectroscopy and XRD studies conducted by the
researchers reveal that electrostatic repulsion among the gold(l11) moieties surpasses the
attractive -stacking interaction. Additionally, theoretical calculations, based on the
newly acquired structural data, confirm an increased positive charge on the bridging
ligand and significantly altered orbital symmetry compared to the previously studied
palladium(Il) complex. Notably, this marks the first instance of a tpphz ruthenium(ll)

complex where n-stacking is entirely inhibited.
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Scheme 1.4
Campagna and colleagues have adeptly produced two ligands with Namine
substitutions on guanidine-pyridine/pyrimidine frameworks, demonstrating their
proficiency in coordinating to a Ru" center and resulting in the creation of a six-
membered chelate ring. Additionally, assessment of the Ru""" potentials for these newly
synthesized complexes (7 and 8) indicates that both ligands showcase robust donating
capabilities, surpassing those of the commonly employed polypyridyls, viz. bipyridine or

phenanthroline (Scheme 1.5).'%

Scheme 1.5
Shatruk and colleagues proposed a pathway to enhance the electron-injection

yield of Ru-dipyrrinate dyes and improve the power conversion efficiency of DSSCs
incorporating these dyes. They synthesized three Ru(ll)-dipyrrinate complexes
Ru(bpy)2(3-TDP) (9), [Ru(H2dcbpy)(Hdcbpy)(3-TDP)] (10), and [Ru(H2dcbpy)(Hdcbpy)
(TPADP)] (11), where bpy=2,2'-bipyridine, dcbpy=4,4'-dicarboxylato-2,2'-bipyridine, 3-
TDP=3-thienyldipyrrinate, and TPADP=triphenylamino-dipyrrinate. These complexes
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were characterized using electrochemical and photophysical methods, along with

theoretical electronic structure calculations at the DFT level (Scheme 1.6).1%
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Scheme 1.6

Baley and colleagues discovered that incorporating diverse heterocyclic rings,
such as furyl, pyrrolyl, thienyl, and bithienyl groups, into the terpyridine moiety
effectively enhances the properties of excited-state emission (Scheme 1.7).2% These
heterocyclic rings contribute to increased delocalization, leading to the stabilization of the
SMLCT state. Consequently, the triplet MC-MLCT energy gap expands, resulting in an
observable enhancement in the luminescence properties. The emission quantum yield is
notably high compared to the parent [Ru(tpy),]**, with the bithienyl-substituted complex
exhibiting a remarkable 100-fold increase in emission quantum yield. The electron-
donating effect of the heterocyclic unit induces a destabilization of the metal-centered
HOMO, manifesting as a bathochromic shift in the absorption and emission profiles of

the complexes.

R./R,

Scheme 1.7

Vos's research team presented a series of Ru(ll)-terpyridine complexes (13-18)
linked with triazole/tetrazole motifs (Scheme 1.8).°'® These complexes exhibit a

pronounced absorption band around 480 nm and an emission band near 700 nm at room
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temperature (RT), with lifetimes ranging from 20 to 80 ns. The ligands' o-donor
characteristics increased upon deprotonation, amplifying the energy of the 3MC state.
Consequently, deprotonation of the triazole/tetrazole moiety results in a nearly doubled
enhancement of the lifetime compared to the parent Ru(tpy), complex. In contrast,

protonation leads to a quenching of the emission intensity.

Scheme 1.8

1.6. Switching of Photophysical and Electrochemical Properties of

Ruthenium (1) Complexes Derived From Polypyridine Ligands

In the preceding section, we explored various approaches aimed at enhancing the
photo-redox properties of Ru(ll)-bipyridine/terpyridine type complexes. Researchers
worldwide are keenly interested in systematic tuning of photo-redox behaviors of
complexes under the influence of diverse external stimuli. This endeavor aims to position
these complexes as versatile building blocks with a broad range of applications. In the

following section, we will provide a concise overview on the modulation of
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photophysical and electrochemical behaviors exhibited by Ru(ll)-polypyridine complexes
in response to different external stimuli.

Sessler and colleagues conducted studies on the anion-sensing capabilities of
Ru(ll)-polypyridyl complexes, specifically focusing on dipyrrolylquinoxaline (DPQ)
phenanthroline derivatives (Scheme 1.9).° Upon coordination with Ru®*, the NH
protons of the pyrrole moiety exhibited increased acidity compared to the free ligand.
Notably, the complex demonstrated a strong interaction with F~ in DMSO, with a binding
constant of 1.2x10* M™, surpassing the free ligand by nearly 30 times. Additionally, the
research group presented another Ru(ll) complex (20) with a similar framework and
investigated the changes in its emission characteristics in the presence of H,PO4 . The
emission intensity at 630 nm decreased upon incremental addition of H,PO,’, revealing a
binding constant of 1.0x10° M™. Jobs-plot analysis indicated the formation of a 1:1
complex with H,PO, .

Subsequently, Anzenbacher and collaborators explored a luminescence-lifetime
based sensor involving a related Ru(l1)-complex (21) (Scheme 1.9).'° Both the emission
intensity and the excited-state lifetime experienced substantial reduction upon addition of
F and CN" in a MeCN medium. The binding constants of receptor-anion interaction were
estimated and found to lie within the range of 4.3x10° M'to 6.4x10° M™.

Scheme 1.9
Molina and colleagues devised a Ru-complex (22) utilizing a phenanthroline-

imidazole based ligand appended with ferrocene motif (Scheme 1.10).** The complex
exhibits notable selectivity for CI” sensing. Upon incremental addition of CI, a substantial
enhancement in luminescence intensity is noted, reaching almost 30 times relative to its
initial level. Furthermore, a cathodic shift in the Fe(Il)/Fe(l111) couple is observed, while

the Ru(I1)/Ru(l1l) potential remains unaltered.
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Scheme 1.10

Das and colleagues developed a series of Ru(ll)-bpy monomers incorporating the
dipyridylamine ligand motif (Scheme 1.11).* The anion sensing characteristics of the
complexes were extensively examined through absorption, emission, and cyclic
voltammetric analyses. The findings reveal that these complexes have the ability to
function as potential sensors for specific anions, including F* and CN’, as evidenced by
the noticeable visual color changes they undergo.
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Scheme 1.11

Schmittel and colleagues designed two heteroleptic Ru(ll)-complexes (26-27)
incorporating bpyridine and phenanthroline units along with two formyl (-CHO) groups
in the one of the phenanthroline ring (Scheme 1.12)."° These complexes exhibit
pronounced selectivity for CN" through the formation of cyanohydrins intermediates.
Notably, the emission intensity of the complexes increases with a blue shift of
approximately ~100 nm upon the gradual addition of CN". Additionally, a visible color

from red to orange is observed.

12
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Ye and colleagues synthesized a wide range of Ru(ll)-complexes, specifically
based on bis-imidazole derivatives (28-31), and conducted investigation on the anion-
induced modulation of their photophysical and electrochemical properties (Scheme
1.13).1*7 These complexes feature two NH-protons within their secondary
coordination sphere. The interaction between imidazole NH protons and anions is
influenced by the basicity of the anion and the acidity of the NH protons, resulting in
three types of interactions: anion-NH hydrogen bonding, mono-deprotonation, and
double-deprotonation. Notably, CI', Br’, I, NO3’, HSO,, H,PO,, and OAc™ anions form
hydrogen-bonding adducts with complex 28. The excess addition of OAc™ induces the
formation of the mono-deprotonated complex, visually evidenced by a color change from
yellow to orange. However, in the presence of F’, double-deprotonation occurs in two

consecutive steps, ultimately leading to a violet colored solution.
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Scheme 1.13

Baitalik et al synthesized and thoroughly characterized Ru(ll) and Os(Il)-bpy
complexes (32 and 33), encompassing a pyrenylimidazole-10-pyridin-2-yl-9H-9,11-
diazacyclopenta[e]pyrene (HImzPPy) ligand.''® The investigation delved into DNA and

13
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anion binding phenomena of the complexes using absorption, steady-state and time-
resolved emission, along with circular dichroism spectroscopy. In the presence of excess
F and OACc ions, the deprotonation of the imidazole NH proton occurs, resulting in a
significant reduction in emission intensity and leads to the "Off-state” of the system.
Conversely, H,PO, induces substantial upsurge of emission intensity in presence of
H,PO,, probably because of the formation of hydrogen-bonded adduct, and corresponds
to the "On-state.” The binding constants for these systems were determined to be on the
order of 10°, with a detection limit in the range of 10° M (Scheme 1.14).
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Scheme 1.14

Baitalik and colleagues additionally crafted a monometallic Ru(ll) complex using
a heteroditopic bpy-tpy type ligand with the composition, [(bpy).Ru(tpy-Hbzim-dipy)]
(Cl04), (34) (Scheme 1.15).**° This complex manifests an absorption peak around 470
nm, attributed to the MLCT transition. Moreover, the complex displays a solvent-
dependent emission spectrum, with its maximum spanning from 628 to 649 nm and
having its excited state lifetime ranging from 116 to 257 ns. The complex's ability to
sense both anions and cations was explored through various optical channels. It was
observed that in the presence of H,PO, and HSQO,, the emission intensity increased,
indicating the "On-state," while the presence of more basic anions (F" and AcO") led to a
reduction in emission intensity, representing the "Off-state."” The cation-sensing aspect of
the complex was also investigated by leveraging its free terpyridine motif. Among the
bivalent 3d cations, only Fe** exhibited a noticeable color change from yellow to violet,

making it a suitable colorimetric sensor for Fe** (Scheme 1.15).
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Scheme 1.15

Subsequently, the same research group developed a series of Ru(ll)-terpyridine
complexes (35-37) incorporating an anthraquinone unit in their structural motifs (Scheme
1.16)."”° These complexes exhibit remarkable luminescence properties at room
temperature (RT), with lifetimes ranging from 1.5 to 52.8 ns, dependent on the solvent as
well as ligand architecture. The inclusion of an electron-withdrawing anthraquinone unit
enhanced the acidity of NH protons. Leveraging this feature, anion-induced alterations of
the photophysical properties of the complexes were conducted in both organic and
aqueous solutions. Notably, the complexes demonstrated remarkable selectivity for CN

in aqueous solution with limit of detection lying in the order of 108 M.
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Scheme 1.16

1.7. A Brief Review on Boolean Logic Gates

Over the past few decades, computers have become an indispensable tool, playing a
pivotal role in high-level calculations, data processing, communication, and information
sharing.**® The concept of processing information and performing computations at the
molecular level was initially recognized by De Silva in 1993. This initiative aimed to
create exceptionally compact yet powerful computers, which couldn't be achieved using
traditional silicon-based technology. Logic gates are fundamental components used for
executing binary arithmetic and logical operations, forming the foundation of
contemporary computers. For molecular-level computation, molecular logic gates are
essential. They can incorporate basic logic gates into combinational circuits, thus
enabling computation on a nanoscale is feasible which is beyond the reach of silicon-
based devices. The entire process involves encrypted data represented in binary digits.
Binary operates on two extremes: 0 (false) or 1(true). Different fundamental logic gates

16
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based on two inputs together with their outputs are represented in Table 1.2. A brief

literature survey on selected molecular logic gates are discussed below.

Table 1.2. Truth Table of Different Two Input-One Output Binary Logic Gates.

Name OR NOR AND NAND XOR XNOR IMPLICATION INHIBIT

. —_— —_

Symbol 3— j’- :.— —y :)_ j)‘_ - :._
Truth Table

Inputs Outputs

00 0 1 1] 1 1] 1 1 0

0|1 1 0 0 1 1 0 1 1

1[0 1 0 0 1 1 0 0 0

11 1 0 1 0 0 1 1 0

De Silva and co-worker constructed an AND logic operation by employing a

tertiary amine appended benzo-15-crown-5 ether receptor. H* and Na* are used as the

inputs, while the fluorescent signal of the receptor acts the output (Scheme 1.17).*?* The

AND logic truth table is satisfied only when both chemical inputs are present in a

sufficiently high concentration. It is to be noted that the tertiary amine receptor was

employed for H* abstraction, while the benzo-15-crown-5 ether moiety was incorporated

for Na* binding. The binding of these ions to their respective receptor units obstruct the

PET channel to the anthracene fluorophore. However, blocking one of the PET channels

alone is insufficient to induce fluorescence emission, which is why the presence of both

inputs is necessary to activate anthracene fluorescence.

AND

(o
@]

N 0 Q SL.No.  Inputl | Input2 Emission
k/Q\) (HY) (Na™) Output

0 0 0
0 0
CN

1
1 0 0
1 1

= W e

Scheme 1.17. AND logical operation in presence of H" and Na* ion.
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Redmond and co-worker constructed NOR logical behavior of a Ru(ll) complex
(Scheme 1.18) by utilizing two inputs.*?® They selected the applied electric field as input
1 and Cu* ions as input 2. In the presence of either input, the luminescence intensity at
668 nm diminishes; indicating the 'Off-state’ and the 'On-state’ is achievable only when
no input is applied. Consequently, the system effectively emulates the function of a NOR
gate.

NOR

SL No. | Input1 | Input2 Output
{‘[;\m)) (Cu®) Emission
at 668 nm)
1 0 0 1
2 0 1 0
3 1 0 0
4 1 1 0

Scheme 1.18. NOR logical operation in presence of electric field and Cu®* ion.

Li and co-worker constructed an Ir(l11)-based chemosensor which can mimic the
function of AND and INHIBIT logic gates in presence of Hg?* and histidine (Scheme
1.19)."% 1t is observed that the free form of the complex is non-luminescent but in
presence of histidine, the emission intensity increases slightly whereas a huge increase is
observed in presence of both histidine and Hg?*. Thus, the Ir(l11)-based receptor
illustrates the function of two input-two output AND and INHIBIT combinational logic

gate as shown in Scheme 1.19.

Inputs Outputs

ng' His | 5450m Lssmer{l s450m

I 12 04 03

0 0 [i] 0(<1)

AND

(o) i} 1 0 0{<1)

1 0 [0} 1{~60)

1 1 1 0(<1)

(Input 1)Hg 2* INHIBIT

(Input 2)Histidine w

Scheme 1.19. AND and INHIBIT logic gate in presence of histidine and Hg*".
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Das et al. showcased the functionality of the keypad lock utilizing a naphthyl-
based receptor. In this experiment, Cu** and F~ were employed as the inputs, while the
emission signal served as the output (Scheme 1.20)."** To simplify the input sequence for
the keypad lock password, the inputs Cu?* and F~ were denoted as “A” and “D,”
respectively. In the initial input sequence, the order of “D” followed by “A” resulted in a
pronounced emission signal at 422 nm (ON state), generating the concealed code “DAS”
(where S signifies the ON state). Conversely, reversing the input sequence, with the first
input as “A” and the second as “D,” led to a reduced fluorescence at 422 nm, indicating
the OFF state of the system. This sequence, identified as "ADO" (where O signifies the
OFF state), failed to unlock the keypad due to an incorrect entry. This experiment
underscores the effectiveness of using "DAS" as a secure code to open the fluorescent
lock at 422 nm in the compound. In contrast, a two-digit numerical password allows for
90 different combinations (using digits 0-9), but opting for individual letters (A-Z) as PIN
numbers, each representing a specific ionic input, expands the possibilities to 650

different combinations (Scheme 1.20).
\l (ON©) |/ l’ D |F
Oi IO mp D |[A| S =
A [Cu®
HO3S/ N D
o]
l, 0 Off State

Scheme 1.20. Keypad locks in presence of F and Cu®".

Yan and colleagues engineered a receptor with oxygen and sulfur donor atoms
that effectively emulates the function of multiple logic gates (Scheme 1.21).% In the
creation of a NAND gate, they employed the emission intensity at 473 nm as the output
signal with Fe?* and NOBF, serving as the inputs. The introduction of either input
individually has no impact on the emission spectral behavior of the receptor. However,
the simultaneous addition of both inputs resulted in the quenching of emission intensity,

effectively replicating the behavior of a NAND gate.
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Secondly, the modification of emission intensity at 473 nm, induced by [(NH,),
Ce(NO3)s] and CF;COOH, was employed to establish an AND gate. In the presence of
either input (Ce*/H"), the emission intensity stays below the threshold level. However,
when both inputs are present, the emission signal surpasses the threshold level,

effectively replicating the behavior of an AND gate (Scheme 1.21).

S S NAND m AND m

/ 5 —_ P Inputl | Input2 | Emission Inputl | Input2 | Emission
© (Fe) | (NOBF) at473nm | | (Ce") | (HY | at473nm
0 0 1 0 0 0
0 1 1 0 1 0
N7 1 0 1 1 0 0
< 1 1 0 1 1 1

Scheme 1.21. The molecular system emulates the operations of both NAND and AND

logic gates.

Zhong and co-workers reported a diruthenium complex containing a redox-active
amine bridge which can mimic the function of a flip-flop logic operation in presence of
two electrochemical inputs (0.35 V and 0.75 V). Two NIR optical outputs, each
displaying two level of signal intensity, are employed for the purpose (Scheme 1.22).*%
When the applied potential is 0.75 V (In 2), the absorption intensity at 1170 nm became
high (the input and output strings were 01 and 10, respectively). On the contrary, when
the applied voltage was 0.35 V (In 1), the absorption intensity at 1680 nm became high.
When no inputs were applied, the output depends on the previous state as presented in the
truth table. Consequently, the system emulates the function of a flip-flop logic gate

(Scheme 1.22).
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Inl

Out
1

SL Input 1 Input2 Output | Output 2

No. | (E=0.35V) (E=0.75V) | Absorption Absorption
at 1170 nm at 1680 nm

1 0 J 0 Previous State

2 0 1 1 0

3 t 0 \ 1

Scheme 1.22. Flip-flop logic operation in presence of two electrochemical inputs and

two NIR optical outputs.

Baitalik et al recently devised a molecular-level keypad lock utilizing a

ruthenium-terpyridine complex (Scheme 1.23).**" This system employs F” and H* as the

input, while the absorbance at 543 nm as the output signal. In this setup, H* is denoted as
“C,” while F is labeled as “A.” The states of “ON™ and “OFF” are represented by “N”
and “E,” respectively. When both H" and F~ are absent, the absorbance remains below the

threshold, indicating the “OFF” state. The introduction of “C” followed by “A” signifies

the “ON-state,” creating the password “CAN.” Conversely, altering the sequence to “A”

followed by “C” results in the “OFF” state, generating the incorrect password, “ACE.”

This design ensures that only authorized users can access the protected information

(Scheme 1.23).

SI.No [ Input 1 [ Input 2 [ Absorption

(H*)

(F)

Output
at 543 nm

Absorption
Intensity
at 543 nm

(1]

0

0 (low)

0.08

(1]

1

1{high)

0.37

1
2
3
4
5

1

| 1wy |
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0

1 |
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0O(low)
O(low)
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0.13
0.1l
0.39

"OFF" State

""ON'" State
_

C AN

SH=

C
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H+

E
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""OFF" State

Scheme 1.23. Keypad-lock upon monitoring the absorbance at 543 nm in presence of

two ionic inputs (F and H").
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1.8. A Brief Review on Artificial Intelligence in Chemical System
Artificial Intelligence (Al) has fundamentally reshaped the landscape of chemical
systems by revolutionizing predictive modeling, reaction optimization, and materials
discovery. Through advanced machine learning techniques, Al enables precise property
predictions and accelerates drug development and material design. Reaction planning
benefits from Al's ability to suggest efficient pathways, while automation and robotics
integrated with Al enhance experimentation and process control. Despite challenges like
model interpretability, Al's capacity to analyze vast datasets and uncover complex
insights has revolutionized chemical research, offering transformative solutions and
expanding our understanding of the chemical phenomena. This review examines the
impact of Al techniques such as fuzzy logic, artificial neural networks (ANNS), adaptive
neuro-fuzzy inference systems (ANFIS), and supervised learning-based decision tree
regression in the realm of chemical research.

Fuzzy logic, a specialized mathematical framework tailored for managing
uncertainty, has evolved into an invaluable asset within chemical systems, demonstrating
its efficacy in a multitude of applications. Its proficiency in modeling imprecise and
ambiguous data stands out as a cornerstone, bringing about tangible improvements in
process control, optimization, and pattern recognition within chemical processes.
Through the incorporation of linguistic variables, fuzzy logic introduces a human-centric
dimension to the analysis of intricate chemical systems, thereby elevating decision-
making processes and augmenting the adaptability of the overall system. The impact of
fuzzy logic is particularly evident in the field of chemical research, where it finds
noteworthy application in process control and optimization. In the realm of process
control, fuzzy logic's ability to handle imprecision and accommodate fluctuations in
variables is harnessed to regulate conditions such as temperature, pressure, and flow rates
in chemical reactors, ensuring enhanced stability and efficiency. Moreover, fuzzy logic
plays a pivotal role in optimizing chemical processes by addressing uncertainties inherent
in reaction conditions, leading to more robust and adaptive optimization strategies. The
practical manifestation of fuzzy logic's utility is vividly illustrated through its successful
implementation in real-world scenarios, where traditional control methods may falter. By
offering a nuanced and adaptive approach to handling uncertainty, fuzzy logic continues
to contribute significantly to the advancement of chemical research methodologies,
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establishing itself as an indispensable tool in the pursuit of efficient and adaptive
chemical systems.

Artificial Neural Networks (ANNs) have proven to be formidable tools in
modeling complex relationships inherent in chemical datasets, showcasing capabilities
that set them apart. Inspired by the intricate architecture of the human brain, ANNs show
it's excellence in predicting modeling, classification, and pattern recognition. ANNs also
possess remarkable ability to decipher nonlinear trends within data positions. The
flexibility inherent in ANNs has empowered chemists by providing a versatile platform
for predicting various chemical properties. ANNs also play a pivotal role in optimizing
reaction conditions for complicated processes. The adaptability of ANNs in diverse
datasets and their capacity to handle intricate relationships have made them indispensable
tools in the hands of chemists, driving innovation and efficiency in various facets of
chemical research.

Adaptive Neuro-Fuzzy Inference Systems (ANFIS) represent a potent synergy of
two influential paradigms, blending the strengths of fuzzy logic and neural networks to
construct highly effective hybrid models. This unique integration allows ANFIS to
harness the interpretability of fuzzy logic and the learning capabilities of neural networks.
By incorporating fuzzy rules directly into the learning process of Artificial Neural
Networks (ANNSs), ANFIS achieves a remarkable level of system adaptability, enhancing
its capacity to handle uncertainties inherent in complex systems. The incorporation of
fuzzy rules enriches the learning process of the ANFIS, enabling them to capture and
model intricate relationships within chemical datasets. This hybrid approach has
exhibited significant promise across diverse chemical applications, ranging from
predictive modeling of complex reactions to real-time optimization of reaction
conditions. ANFIS's success in predictive modeling underscores its ability to discern non-
linear patterns and complex interactions within chemical data, providing valuable insights
for researchers. Moreover, its real-time optimization capabilities contribute to the
efficiency of chemical processes, ensuring adaptive adjustments to reaction conditions as
they evolve. In essence, ANFIS stands as a testament to the potential unlocked through
the fusion of fuzzy logic and neural networks, offering a versatile and powerful tool for

advancing various facets of chemical research and applications.
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Supervised learning-based decision tree regression has also emerged as a
dependable and valuable tool for the analysis of chemical data. Decision trees provide an
intuitive and visually accessible means to interpret complex relationships within datasets,
making them particularly advantageous in the intricate domain of chemical research. The
tree-like structure employed in decision tree regression facilitates sequential decision-
making, aiding chemists in regression tasks where the goal is to predict continuous
variables. Through this approach, chemists can gain insights into the key factors that
significantly influence chemical outcomes, enhancing their understanding of the
underlying processes. The simplicity of decision trees in representing complex
relationships ensures ease of interpretation, allowing researchers to identify patterns and
trends within chemical datasets efficiently. Decision tree regression excels in elucidating
the hierarchical nature of influential variables, enabling chemists to prioritize factors
based on their impact. This methodology is especially powerful in scenarios where non-
linear relationships exist, providing a flexible framework for capturing intricate patterns
in chemical data. Moreover, decision tree regression's ability to handle both qualitative
and quantitative variables makes it a versatile tool in chemical data analysis. The
transparency in the decision-making process allows chemists to validate and refine
models, contributing to the robustness of predictions. In the dynamic field of chemical
research, where understanding the nuances of influential factors is crucial, supervised
learning-based decision tree regression stands out as an effective and accessible
approach, supporting informed decision-making and advancing our comprehension of
chemical processes.

The above-discussed Al-based methodologies prompted researchers with
powerful tools to model intricate processes, predict outcomes, optimize conditions, and
make informed decisions in the realm of chemical research. In this review, we delve into
the transformative influence of cutting-edge Al technigues, such as enchanting the realms
of fuzzy logic, intricate networks of artificial neural networks (ANNSs), harmonious
fusion in adaptive neuro-fuzzy inference systems (ANFIS), and illuminating paths paved
by supervised learning-based decision tree regression, all within the captivating domain
of chemical research. As Al continues to advance, its role in shaping the future of
chemical systems is poised to expand even further. A brief literature survey on the

implication of artificial intelligence based tools in chemical systems is discussed below.
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However, implication of artificial intelligence based tools in predicting the stimuli-
responsive behaviors of polypyridine-based complexes of Ru(ll) are relatively sparse in
the literature. A short discussion on the selected systems is provided below.

Gentili and coworkers designed an interesting compound, 1,3-Dihydro-1,3,3-
trimethyl-80-nitro-spiro[2H-indole-2,30-[3H]naphth[2,1-b][1,4]oxazine], designated as
SpO, comprising of photochromic, acidichromic, and metallochromic units within its
molecular framework (Scheme 1.24).'?® They investigated detailed chromogenic behavior
of SpO in MeCN and utilized the same for processing of both Boolean and Fuzzy logic.
They employed HCIO,4, AICI;, and Cu(ClO,), as the chemical inputs, coupled with UV
radiation as the power source for this purpose. The optical output was quantified through
the measurement of absorbance at specific wavelengths within the visible spectrum. SpO
demonstrated a sophisticated five-state molecular switch, thereby providing a foundation
for the execution of intricate Boolean logic circuits. Upon subjecting the chemical inputs
to analog variations, the SpO solution exhibited a kaleidoscope of colors with infinite
possibilities. This inherent property was further exploited through the utilization of RGB
color coordinates as optical outputs, thus facilitating the realization of the fundamental
operators associated with 'infinite-valued' Fuzzy logic (Scheme 1.24).
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Scheme 1.24. Schematic representation of fuzzy logic based membership function plot
and Blue (B), Green (G) and Red (R) coordinates as a function of the molar ratio of the
ionic inputs.
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Krishnamoorthy and co-worker constructed a biologically active interesting
molecule, 2-(4'-N,Ndimethylaminophenyl)imidazo[4,5-b]pyridine (DMAPIP-b) as shown
in Scheme 1.25.2° Exploiting the multiple binding sites of the fluorophore, a diverse set
of molecular logic gates was created by leveraging its fluorescence intensities across
various wavelengths. The molecule's robust emission is significantly diminished in the
presence of Fe**, and restoration occurs upon the addition of an equivalent amount of F .
Additionally, a ternary system was established, considering three distinct fluorescence
intensities at specific wavelengths. The gradual variation in emission intensities in
response to analyte concentration was also harnessed to construct an infinite-valued fuzzy
logic system. This fuzzy logic system was then integrated with a neuro-adaptation
method to enhance the accuracy of predicting the dependency of molecular intensity on

external inputs (Scheme 1.25).
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Scheme 1.25. Fuzzy and ANFIS models for predicting the dependency of molecular
intensity in presence of external inputs.
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Baitalik and collaborators conducted an extensive exploration onto the anion-
sensing properties of a monometallic Ru(I1)-bipyridine complex incorporating a pyrazole
-3,5-his(benzimidazole) moiety (Scheme 1.26)."* They employed various optical spectral
as well as square wave voltammetrric responses to thoroughly investigate the complex's
anion-responsive behavior. In order to conduct in-depth analyses across a wide range of
anion concentrations, the authors also applied multiple soft computing methodologies.
They utilized neural network-based deep learning techniques including Artificial Neural
Networks (ANNs) and the Adaptive Neuro-Fuzzy Inference System (ANFIS) to
comprehensively analyze as well as to accurately interpret the multi-channel anion-

sensing behavior exhibited by the complex.

g, 0
7 \Y
HN-N NS
1N

"

Iq-—

o0
LS

Scheme 1.26. Deep learning based neural network and neuro-fuzzy models.

1.9. Objectives and Scope of the Present Work

Upon a cursory examination of the literature, it becomes evident that coordination
complexes of ruthenium(ll) based on polypyridine-type ligands play pivotal roles in the
development of photochemical molecular devices, by virtue of their exceptional
photophysical and electrochemical properties. Among these polypyridines, the commonly
utilized bipyridine (bpy) or terpyridine (tpy) type chelating units are intricately linked
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with various aromatic and heteroaromatic units, as well as by electron-attracting or
electron-releasing groups. Tpy-type ligands consistently yield achiral and rod-like
architectures in resultant octahedral complexes, whereas their bpy-type counterparts
produce complexes with intricate isomeric mixtures, the separation of which is
exceptionally laborious. However, the primary shortcomings of Ru(ll)-tpy type
complexes lie in their suboptimal luminescence properties at room temperature and short
excited-state lifetime in comparison to their bpy-type analogs. In this dissertation, we will
employ both bidentate {bipyridine (bpy) or phenanthroline (phen-)} as well as terpyridine
(tpy-) type chelating motifs for the construction of different types of Ru(ll) complexes
possessing improved room temperature luminescence characteristics which in turn could
be utilized as potential building blocks for the construction of light harvesting materials.

In order to achieve our objective, we have synthesized several polypyridyl-
imidazole based ligands that are capable for the formation of monometallic, bimetallic as
well as trimetallic complexes upon treatment with appropriate Ru(ll) precursors. To this
end, a multi-dentate bridging ligand (phen-H,Phlmz-bpy) is designed wherein a 1,10-
phenanthroline moiety is covalently coupled with 2-(4-(pyridine-2-yl)-1H-imidazole-5-
yl)pyridine unit via phenyl-imidazole spacer. The bridge can offer a maximum of three
bidentate coordinating units situated in stereochemically distinct positions. The bridging
ligand is employed here to synthesize mono-, bi-, as well as trimetallic complexes of
Ru(ll) in combination with terminal bipyridine units as shown in Chart 1. The scope of
the formation of the ligand as well as different types of Ru(ll) complexes are summarized
in Scheme 1.27 and Scheme 1.28.
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Scheme 1.27
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In order to modulate the electronic structure in the complexes upon variation of

coordinating atoms, we have synthesized an imidazole-4,5-dicarboxylic acid (Hslmdc)

ligand possessing an imidazole moiety connected by two carboxylic acids. The scope of

formation of different types of monometallic Ru(ll) complexes in combination with bpy

ligands upon successive deprotonation of imidazole NH and carboxylic acid protons are

outlined in Scheme 1.29.

29



Chapterl

Scheme 1.29

Literature survey in previous section indicates that terpyridine-type complexes of
Ru(ll) are usually non-luminescent at room temperature because of presence of low-lying
non-emissive triplet metal-centered (*MC) state in the close vicinity to that of the
emissive triplet metal-to-ligand charge transfer (MLCT) state. Through judicious choice
of ligands, electron delocalization could be modulated in such a way that it would be
possible to generate an excited state of the complex that can circumvent metal-centered
thermal radiationless deactivation. Thus, there remain scopes for the synthesis of the
terpyridine complexes of Ru(ll) with enhanced triplet excited lifetimes which in turn
could be utilized for light harvesting materials. To this end, we have synthesized two 4'-
aryl substituted terpyridine derivatives (tpy-Ar), viz. 4'-(2-naphthyl)-2,2":6',2"-terpyridine
(tpy-Naph) and 4'-(9-anthryl)-2,2".6",2"-terpyridine (tpy-An), wherein a potentially
luminescent polyaromatic moiety is directly linked to the 4'-position of a terpyridine unit
via a C-C single bond (Scheme 1.30). The scope of formation of different homo- and
heteroleptic complexes of Ru(ll) is outlined in Scheme 1.31. It is expected that the
incorporation of the polyaromatic moiety, appropriately modulate the energy of the
relevant excited states so that the resulting Ru(ll) complexes could emissive at RT with

elevated lifetimes.
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Scheme 1.30
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Scheme 1.31
Finally, two terpyridyl-imidazole based ligands (tpy-HImzPh; and tpy-

HimzPh3sNMe,) will also be synthesized for the design of different types of luminescent
bis-tridentate Ru(Il) complexes whose emission characteristic could be further modulated
by suitable external stimuli, viz. temperature, anions, and cations as well as by pH. The
scope of formation of ligands as well as their Ru(ll) complexes are outlined in Scheme
1.32.

Following the synthesis of the ligands and their Ru(ll) complexes, thorough
characterization will be conducted using standard analytical tools and spectroscopic
techniques, including elemental analysis, electrospray ionization (ESI) mass spectra, and
NMR spectroscopic methods. Emphasis will also be given to ascertain the X-ray crystal
structures of some representative complexes. Thorough investigations on the absorption
and emission spectral properties of the synthesized metal complexes together with
ligands will be conducted. Additionally, time-correlated single photon counting
experiments will be employed to measure the excited state lifetime of the compounds.
Electrochemical properties of the compounds will be scrutinized using cyclic and square
wave voltammetry. Alongside experimental measurements, theoretical calculations

utilizing density functional theory (DFT) and time-dependent (TD)-DFT methods will
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Scheme 1.32
also be performed. This aims to acquire insights into the electronic structures of the

compounds and appropriately attribute the origin of the absorption and emission spectral
bands that are observed experimentally.

One of the major objectives of the dissertation is to modulate the photo-redox
properties of the compounds by leveraging their secondary coordination sphere. This
manipulation will be achieved through various external stimuli (anion, cation, acid, base,
temperature, to name a few) aiming to develop potential molecular sensors and switches.

Most of the metal complexes in this dissertation possess acidic imidazole NH
proton(s) in their second coordination sphere. Upon exploiting the NH motif(s), anion-
induced modulation of the photophysical and electrochemical properties could be
achieved which can visualized through various optical channels (absorption, emission,
and lifetime), as well as cyclic voltammetry (CV) and square wave voltammetry (SWV)

(Scheme 1.33-1.34). The interaction between the complexes and anions will be assessed
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