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displayed indistinguishable color changes whereas D3N, a nitro derivative showing
light brown in DMSO with A at 404 nm, turned to lisht orange with a new peak
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CHAPTER |
INTRODUCTION

1.1 Overview of supramolecular chemistry

“Supramolecular chemistry”, named by Prof. Lehn (Nobel laureates in
chemistry in 1987), is about intermolecular bond, including structures and functions
of the entities composed by association of two or more chemical substrates.
Molecular associations have been known and studied for several decades [1, 2] and
the term of “Ubermoleklle or supermolecule” was invented by Karl Lothar Wolf et
al to refer the higher organized entities caused by the association coordinatively
saturated species [2-4]. Supramolecular species can be formed by the selective
binding of a “molecular receptor” toward a “substrate” [3, 4]. This molecular
interaction creates the basis of extremely specific processes such as recognition,
regulation, transportation, etc. already found in nature, for example, as in protein
receptor-substrate binding, protein-protein assembling, enzymatic reaction, cellular
recognition [4]. These natural processes are an inspiration for the design of molecular
recognition for specific application using chemical knowledge. The strategy for
creating receptor molecules capable of featuring performances of best efficiency and
selectivity requires the correct manipulation of the stereochemical and energetic
complements of the non-covalent being known as intermolecular force, ie.,
hydrogen bonding, van der Waals force, electrostatic interaction, etc. within an
indicated molecular architecture [1, 2]. So, the structure of supermolecule is the
consequence of both additive and cooperative interactions, including hydrogen
bonding, hydrophobic interaction, and coordination, and their properties are

different, often better, than the sum of the properties of each individual element.

1.2 Molecular recognition design of metal sensor: Chromogenic sensor

In several decades after the introduction of “supramolecular chemistry”, the

researches in this field have risen especially for metal ion sensing devices because



metal ions are found in several important processes in industries, environment and
biological systems which involve regulatory parts of life processes [5-8]. However
some metal ions such as cadmium, mercury, and lead can induce a fatal illness
when only a little amount of these metals gets into organism and these toxic metal

ions can be found in the environment via contamination of industrial wastes [8-10].

Among several concepts for metal ion determination, the development of
chromoionophore is one of the highly active studied fields [11-13] because it can be
applied to naked-eye sensor, which is a simple technique providing a real-time and
inexpensive detection [6, 9, 13-15]. The chromoionophore consists of two functional
parts: one is ion recognition or ionophore; which is able to bind with ions via non-
covalent bond induced by the contrast of (partial) charge between binding site and
ions; and the other is optical signal reporter or chromophore, which is able to

transform the electronic phenomena in molecule to optical signals [5, 6, 8-10, 15-22].

There are many classes of ionophore for metal ions such as acyclic ligands,
macrocyclic molecules, and three dimensional molecular hosts. One of the artificial
host molecule being known as “crown ether” was coincidentally discovered by
Pedersen from the by-product in the preparation of complexing agent for divalent
cations [1, 17, 23, 24]. This cyclic hexaether compound was able to increase the
solubility of potassium permanganate in benzene or chloroform and displayed a very
stable potassium ion inclusion complex like the antibiotic “valinomycin”, the first
reported natural ionophore for the transport of potassium ions though the organism
membrane by complexation [1, 23, 25, 26]. The study of the mechanism of complex
formation of alkali and alkaline earth metal ions with crown ethers revealed that
oxygen atoms could act as binding sites for metal ions and the crown size was critical
to selective metal ion binding behavior. According to the basic structure of crown
ether consisting of a ring of alternate oxygen atoms and ethylene moieties, i.e.
-OCH,CH,OCH,CH,—, Weber and Vogtle were interested in the ring opening and
subsequent addition at the terminal oxygen atoms to study the changes in the
complexation behavior [27, 28]. They gave the term “podands” to refer a class of

acyclic artificial hosts with pendent binding sites, e.g. polyamines, polyethers or



polyethylene glycols [24, 29]. Although these acyclic hosts usually show less cation
affinity than their cyclic analogues because of their higher degree of flexibility,
leading to lacking of preorganization, they can exhibit wrapping conformations like
pseudocrown ethers in the presence of proper metal ions, which create cavities of
appropriate sizes during interaction with metal ions or neutral molecules in a unique
manner. The opened-chain ligands are able to increase their binding efficiency via
the modification at the terminal chains with the rigid moieties (e.¢. aryl, ester, and

amide) for the extra degree of organization of host molecules [27-37].

In the part of chromophores, the color expression of the molecule occurs by
the absence of some wavelengths of the visible region toward the absorption of
visible light energy, which corresponds to the required energy for promoting TC
electrons in the molecule from the ground state to the excited state (a lower energy
state to a higher energy state) by specific bonds in the molecule involving the TT
electrons delocalization [38, 39]. The required energy for this transition can decrease
if the conjugated double bonds exist in the molecule. For example, the presence of

aromatic rings is able to make the excitation of the electron easier due to the

enhanced delocalization of the TU electrons. The chromogenic organic compounds
also consist of aromatic rings with an extensive conjugated double bond system
bearing unsaturated moieties as chromophores, i.e. azobenzene (aromatic rings with
N=N moieties), nitronaphthalene (bicyclic aromatic rings with NO, moieties,
benzodifuranone (polycyclic aromatic rings with C=0 moieties), etc. [38-41].
Furthermore, the color of the molecule can be more intense by an addition of
auxochromes, the electron-donating functional groups, into the aromatic rings such

as oxy (-O-) and amino (-NH,, -NHR, -NR,) moieties [38, 39].

The sensing property of the chromoionphoric sensor can be improved in
several ways such as the modification of binding site of ligand, the development of
signaling part of ligand. The design of chromoionophoric sensor as a ditopic receptor
is an interesting concept because of a selective binding. After binding with the first
target, the ditopic molecules can form an appropriate structure for the second target

recognization. This ditopic receptor phenomenon is similar to biochemical enzyme



processes known as allosteric effect, of which the enzyme bind with the protein
target at allosteric site (non-active site for the protein target) causing the inhibition or

catalysis of biochemical processes [24, 42-44] as shown in Figure 1.1.
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Figure 1.1 Allosteric effect on three kinds of ditopic sensor [42]

1.3 Allosteric effect on chromoionophoric molecules

In 1993, Nabeshima et al. [19] found a novel derivative of polyether as
pseudo crown ether, which was able to bind alkali metal ion like crown ether via
allosteric effect (Figure 1.2). When introducing Cu’ to this polyether, Cu’ interacted
with two bipyridine moieties and induced preorganization of polyether linkage to
exhibit the alkali metal ions binding site like crown ether. This event was followed by
"H-NMR and UV-visible spectroscopies. The binding of alkali metal ions could be

controlled by crown ether size and repulsion from Cu'”.
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Figure 1.2 The presence of allosteric effect on psuedocrown ether based on

2,2’-pyridine toward Cu’ [19]

In 2005, Liu and coworkers [45] synthesized 4,4’-[(ethylenedioxy)
bis(ethyleneoxy)lbis[1-(2-imidazo[4,5-f]-1,10-phenanthroline)-benzene]  which  gave
blue fluorescent emission and was able to form complex with Mg2+ to generate
green fluorescent emission via stacking of phenanthroline moieties. This
phenomenon occurred from a result of a rearrangement of polyether to crown

ether-like bridge when Mg2+ was introduced to this molecule as shown in Figure 1.3.

o/\ok/o/ﬁ \ _

Figure 1.3 Complexation of 4,4’-[(ethylenedioxy)bis(ethyleneoxy)]bis[1-(2-imidazo
[4,5-f]-1,10-phenanthroline)-benzene] with I\/\g‘2+ [45]

In 2002, Nishimura et al. [46] reported that an excellent selectivity of novel
pseudo thiacrown ether toward Ag+ due to a pseudo cyclic structure formed by

hydrophobic interaction of its lipophilic moieties in water (Figure 1.4), which was



confirmed by "H-NMR spectroscopy. Only the presence of Ag+ could decrease
fluorescence and the stability constant in logarithm unit (log K) followed by
fluorometric titration was approximately 4.2, which was similar to that by cyclic

dithia-18-crown-6.
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Figure 1.4 Preorganized of amphiphilic thioether bearing two methylbenzene

moieties in water and its Ag+ complex [46]

In 2009, Kumar and coworkers [44] studied the allosteric effect on three novel
thiacalix[4]-crown ditopic sensors using 1H—NI\/\R, fluorescence, and UV-visible
spectroscopies. Although these molecules were able to firstly bind with K" using
crown ether moiety, the presence of a second metal ion such as Ag+, Pb2+, Cu2+
could chase K" off and interacted with the hosts with a higher stability constant. The
allosteric effect from K binding to allow a second metal ion interaction then

prevented K" to rebind with crown ether moiety because it could not go through a

regulating gate formed by this second metal ion (Figure 1.5).
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Figure 1.5 The presence of allosteric effect on three thiacalix[4]-crown ether

derivatives upon the addition of metal ions [44]

1.4 Chomogengic metal sensors based on azo-dye

In 2009, Nuriman et al. [11] reported that a new chromogenic sensor based
on tris[2-(4-phenyldiazenyl)phenylaminoethoxylcyclotriveratrylene (TPPECTV)
changed color from yellow (450 nm) to red-orange (490 nm) toward Hg2+ in 10%
MeOH-H,0O solution. Moreover, the selectivity and sensitivity of this ligand, compared
to its corresponding azo dye 4-aminoazobenzene, toward ng+ was enhanced by a
factor of 10 because the three arms in cyclotriveratrylene platform were

preorganized to give tripodalchromophore which bound with Hg2+ firmly (Figure 1.6).



Figure 1.6 Interaction mode between TPPECTV and Hgvz+ [11]

In 2011, Cheng et al. [47] designed two novel naked-eye chemosensors for
Hg2+ based on azobenzene and dithioacetal. These sensors were able to detect Hg2+
via Hg2+—promoted deprotection of the dithioacetal, leading to an intra-molecular
charge transfer (ICT) as signaling mechanism. Using IR and ESI mass spectroscopies, it

was revealed that Hg2+ could form an N-bound Hg2+ complex (Figure 1.7).
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Figure 1.7 Postulated interaction of 2 toward ng+ [47]

In 2012, Yang and coworker [48] reported sensing properties of a novel o-
hydroxybenzoyl-(N-butyl-4,6-naphthamimide) hydrazone 1 for c” and F by UV-
visible, fluorescence, and "H-NMR spectroscopies (Figure 1.8). This chromogenic and
fluorogenic sensor 1 showed the suppression of the absorption and fluorescent
intensities upon the addition of cu” due to a decreasing in electron density of the

nitrogen atom on the NH moiety in the hydrazone tautomer and intra-molecular



charge transfer (ICT) process caused by cu” interaction. In the case of F, the
maximum absorption of 1 was shifted from 441 nm to 572 nm (red shift) and the
fluorescent intensity was quenched because of the deprotonation of NH and OH

moieties.
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Figure 1.8 Preparation and concept for bifunctional sensor of o-hydroxybenzoy!-(N-

butyl-4,6-naphthamimide) hydrazone [48]

1.5 Azo-hydrazone tautomerism

In 1960, Lewis [49] studied the tautomerism of d4d-aminoazobenzene

derivatives in solution using IR and UV-visible spectroscopies and found that these

molecules coexisted as hydrozone (I,€>1,) and azo (II) in tautomeric equilibrium.
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Figure 1.9 General tautomeric structure of 4-aminoazobenzene derivatives [49]
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In 2008, Matazo and coworkers [50] followed the protonation on
aminoazobenzene derivatives by UV-visible and resonance Raman spectroscopies,

and discussed the outcomes using quantum-chemical calculations. The calculations
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revealed that the azo-hydrazone tautomeric equilibrium of the protonated species
(Figure 1.10) could involve the chromophoric moieties supported by the resonance
Raman enhancement patterns. The hydrazone form showed a maximum absorption
to a longer wavelength, with a difference of around 120 nm from that of the azo
form. This phenomenon was caused by a large difference in electronic dipole
moment between ground and excited states due to the enhancement of the

electron delocalization of the quinoid structure in hydrazone form.

e Ve »
RNy R,-N} RN/
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o A TR
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Cir*Coo Cii'Cre Ci1*Cyo
Neutral Azo Tautomer Hydrazone Tautomer

Figure 1.10 Structures of the neutral and protonated species of 4-amino (R = H) and
4-(dimethylamino)azobenzene (R =CHs) involving the azo-hydrazone tautomeric

equilibrium [50]

In 2012, Chen et al. [51] reported that the azo-hydrazone tautomerism of
pyridine-2,6-dione-based Disperse Yellow Dyes was controlled by pH and metal ion
complexation (Figure 1.11), which were investigate by UV-visible spectroscopy, -
NMR  spectroscopy, and X-ray single-crystal diffraction technique. The two dyes
exhibited the equilibrium between azo (HL,, and HL,,) and hydrazone (HL,, and
HL,4) forms. The hydrazone form was dominant at pH < 9 due to the cooperative
effect of the hydrazone proton to induce a six-membered ring from intramolecular
hydrogen bond. This hydrazone form displayed the maximum absorption at longer
wavelength of around 100 nm from that of azo form. The azo form, however, was
dominant during the complexation of dinuclear cl’ complexes (Cuy(L,.p)e) due to

the fixation of coordinative bonds and favorable configuration for cu”’ binding, which
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showed the maximum absorption in the shorter wavelength shift of 3¢ nm compared

to the signal of free HL,.
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Figure 1.11 Preparation and azo-hydrazonetautomerism of pyridine-2,6-dione based

Disperse Yellow dyes and their metal ion complexes [51]

1.6 Polyether azobenzene derivatives

In 2008, Harikrishnan and Menon [52] synthesized a series of crown ethers
bearing azo dye moiety (Figure 1.12) which exhibited bright color from deep red
M 546 NM) to yellow (s 384 nm). This series of azo dyes were thermally stable
up to 200 °C and resistant to acidic circumstance. So, these dyes were proper to use
in all kinds of inks, especially as printing ink for uncoated paper due to good light

and water fastness properties.
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Figure 1.12 Synthetic pathway of crown ethers based azo dye [52]

In 2011, Langmuir films on the air-water interface of a series of liquid-
crystalline azo dyes consisting of oligoethylene glycol terminated by amino and nitro
subsitituted azobenzene units displayed blue shifted absorbance at A = 394-410 nm

due to the formation of H-aggregates as shown in Figure 1.13 [53].
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Figure 1.13 Synthetic pathway of two amino-nitro azobenzene units linked by

oligoethylene glycol and aggregate formation of dyes in Langmuir films (in box) [53]

1.7 Concept of this research

There are many metal ion sensors based on several techniques such as
fluorescence spectroscopy, cyclic voltammetry, etc. Unfortunately, some of these
techniques need expensive and complicated instruments, which must to be used by
the experts leading to a high price for analysis. To reduce the cost of the
determination of metal ions in trace amounts, the design of naked-eye sensor for
metal ion is interesting because it provides an easy, inexpensive and real-time
analysis. Choromogenic sensor can also employ simple UV-visible spectrophotometer
for detailed quantitative and qualitative analyses. A ditopic receptor is even more
promising because of the allosteric effect. The designed chromoionophores in this

research thus consisted of a diaza-pseudo crown ether units acting as the first

ionophore linked to TT-conjugated diazo aromatic bonds acting as both ionophore
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and chromophore. Ester units were also introduced to assist the binding with metal
ions. The synthesis of the design sensors would benefit from the fact that the
precursor of required components such as polyethylene glycol and nitrite salt are
common and inexpensive and the azo coupling reaction is a known and rather

simple reaction.

The design of ligands in this research was varied in several positions in hope
for the optimization of metal ion sensing property. The first set of the ligands in this
study was ester derivatives. The expected ionophores in this set were (a) aza-
polyether chain and (b) ester units. Polyglycol chain containing oxygen atoms is
known to be good acceptor for alkali or alkaline earth metal ions and could arrange
its conformation to wrap around suitable metal ions like pseudocrown ether. The
ester moieties on benzene rings at the end of both chains were hoped to bind with

heavy or transition metal ions [11, 54, 55] like forceps.

The second set of the ligand in this research was designed to vary the
functional group on the ending benzene rings from ester to nitro group. A series of
nitro pseudocrown ether derivatives was in focus based on the expectation that
improving the efficiency of electron distribution in TC conjugated system would be
good for optical expressions. In a good TU electron distribution system, the presence
of the interaction between ligand and metal ions should affect the direction of
electron flow causing the suppression or enhancement of the charge transfer

interactions between electron-rich and electron-deficient substituents on aryl groups,

which could induce the great change of required energy for the excitation of TC

electron leading the obvious appearance of new UV-visible absorption spectra and

color expression. The architecture of the good TU electron distribution system
consists of good electron donor and electron acceptor components in opposite
direction for the productive charge transfer. Generally, a good couple of electron
donor and electron acceptor was known as amino and nitro groups, respectively, due
to the lone pair on nitrogen atom in amino moiety as the electron-rich part and the

partial positive charge on nitro moiety as the electron-deficient part [41, 56-59]. In
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this series, the nitrogen atoms in diazacrown unit and the nitro substituents on

ending benzene rings would act as electron donor and acceptor, respectively.

1.8 Objective and scope of this research

1) To synthesize and characterize diazo pseudocrown ether derivatives
bearing ester and nitro functional groups

2) To study their color expression and optical sensing properties towards
metal ions by naked-eye observation and UV-Visible spectrophotometry

3) To study the allosteric effect upon binding with different metal ions



CHAPTER Il
EXPERIMENTS

2.1 General procedure
2.1.1 Materials

All chemicals and solvents were of analytical grade from Sigma-Aldrich or
Merck and used without further purification. Tetrahydrofuran (THF) was distilled over
sodium and benzophenone under nitrogen. Thin-layer chromatography (TLC) was
performed on silica gel plates (Kieselgel 60, Fysq, 1 mm, Merck). Column
chromatography was carried out using silica gel (Kieselgel 60, 0.063 - 0.200 mm,
Merck) or alumina gel (Aluminium oxide 90 standardized, 0.063 - 0.200 mm, Merck).

2.1.2 Instruments

Nuclear Magnetic Resonance (NMR) spectra were collected via a Varian
Mercury Plus 400 NMR and Bruker DRX 400 MHz spectrometers. All chemical shifts
were exhibited in part per million (ppm) using the residual proton or carbon signals in
deuterated solvents as internal references. Elemental analysis was investigated on
Perkin  Elmer PE2400 series Il (CHNS/O analyzer) by ignition combustion gas
chromatography separated by frontal analysis and qualitative detected by thermal
conductivity detector. MALDI-TOF mass spectra were recorded on Bruker Daltonics
MALDI-TOF using 2-cyano-4-hydroxy cinnamic acid (CCA) as matrix. UV-visible

absorption spectra were measured on a Varian Cary 50 UV-Vis spectrophotometer.

2.2 Syntheses

A series of 5 azo dye-based pseudocrown ethers containing either ester or
nitro group with different numbers of oxygen atoms in glycol chain was synthesized
by coupling of oligoethylenediaminobenzene with ethyl-2-aminobenzoate or 4-

nitroaniline as shown in Scheme 2.1 and characterized by 1H, 13C—NMR, mass
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spectroscopies and elemental analysis. The synthesis details for each step were

described in the following parts (2.2.1.1 - 2.2.3.5).

/ ( N/ )n\ /N NSNS
HO 0 0 OH H,N o} 0 NH,
n=1,2
CHO
+ TsCl + C[
OH
0 o Ts H N 0 0 N
1,n=1 | l
2:n=2 5
J + Aniline l +NaBH,
0 H HN o} 0 NH H

Az lin i
0 coupling Q\COOEt or

NH,
NH,

<jO"‘O(ﬁ © nO<I\I)H ?HNOONH
N D3E;n=1 N, N

Nb
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Etooc© C/cooa © © Etooc© @cooa

Scheme 2.1 Synthesis pathway of azo dye-based pseudo ether derivatives
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2.2.1 Synthesis of olicoethyleneditosylate

2.2.1.1 Synthesis of triethyleneditosylate 1

/NS NS N Et;N, DMAP /NSNS N
HO 0 0 OH + TsClI W TsO 0 0 OTs

1

Triethyleneglycol (3.754 ¢, 25 mmol), triethylamine (7.589 g, 75 mmol), and
DMAP were mixed in anhydrous dichloromethane (50 mL) in a 100-mL round bottom
flask equipped with a magnetic bar and stirred in an iced bath for 30 minutes. Then
anhydrous solution of tosylchloride (9.533 g, 50 mmol) was added into the mixture
and the stirring continued for 12 hours at room temperature. Later, the pH of this
mixture was adjusted to 1 by adding 3 M HCl to eliminate triethylamine residue. It
was extracted with water 3 times and only organic phase was collected. CH,Cl, was
removed by a rotary evaporator to gain crude product, which was recrystalized in
methanol and the white solid was filtered and dried (7.461 g, 62.6 %yield). "H-NMR:
O 2.44 (s, 6H, CH5-Ar), O 3.53 (s, 4H, O-CH,-CH,-0), O 3.65 (t, 4H, O-CH,-CH,-OTs), O
4.13 (t, GH, CH,-CH,-OTs), O 7.34 (d, 4H, Ar), O 7.79 (d, 4H, Ar)

2.2.1.2 Synthesis of tetraethyleneditosylate 2

/ARYARYARYER Et;N, DMAP

HO 0 o O OH + TsClI CH.Cl 0O O 0 O Ot
2v12

2

Ts s

Tetrathyleneglycol (4.856 ¢, 25 mmol), triethylamine (7.589 ¢, 75 mmol), and
DMAP were mixed in anhydrous dichloromethane (50 mL) in a 100-mL round bottom
flask equipped with a magnetic bar and stirred in an iced bath for 30 minutes. Then
anhydrous solution of tosylchloride (9.533 g, 50 mmol) was added into the mixture,
and the stirring continued for 12 hours at room temperature. Later, the pH of this
mixture was adjusted to 1 by adding 3 M HCl to eliminate triethylamine residue. It
was extracted with water 3 times and only organic phase was collected. CH,Cl, was
removed by a rotary evaporator to gain crude product, which was purified by column

chromatography using CH,Cl, as eluent and the desired product was obtained as
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yellow oil (8.155 g, 64.9 %yield). 'H-NMR: & 2.23 (s, 6H, CHsAr), & 3.41 (s, 8H, O-CH
CH,-0), O 3.53 (t, 4H, O-CH,-CH,-OTs), O 4.21(t, 4H, CH,-CH,-OTs), O 7.22 (d, 4H, Ar),
O 7.65 (d, 4H, Ar)

2.2.2 Synthesis of oligoethylenediaminobenzene

2.2.2.1 Synthesis of triethylenedianiline 3

o
- / \/ \/ \OTs+ reflux 100°C QNH O

1 NH,

Triethyleneditosylate 1 (0.250 ¢, 6 mmol) was dissolved in aniline (30 mL) in a
50-mL two-neck round bottom flask equipped with a magnetic bar and refluxed at
100 °C for 6 hours. Then, this solution was transferred into diethyl ether (100 mL) and
was filtered to remove the sediment by reduced pressure vacuum. The separated
liquid was evaporated to remove diethyl ether by a rotary evaporation and the
residue aniline by vacuum distillation. This residue was dissolved in EtOAc and
filtered through glass funnel containing alumina gel. The brown solution was
collected and evaporated to obtain the crude product, which was purified by

column chromatography using 20% EtOAc in hexane as eluent. The desired product
was obtained as brown oil (0.145 g, 80.4 %yield). 1H—NI\/\R: 0 3.25 (t, 4H, CH,-CH,-N), o
3.59 (s, 4H, O-CH,-CH,-0), O 3.64 (t, 4H, O-CH,-CH,-N), O 6.60 (m, 4H, Ar), O 6.71 (m
2H, Ar), O 7.13 (m, 4H, Ar)

2.2.2.2 Synthesis of tetraethylenedianiline 4

TsO / \ / \ / \ / \OTS + reflux 100 °C ' \ / \ / \Of H\N

2 NH,

Tetraethyleneditosylate 2 (0.302 ¢, 6 mmol) was dissolved in aniline (30 mL)

in a 50-mL two-neck round bottom flask equipped with a magnetic bar and refluxed
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at 100 °C for 6 hours. Then, this solution was transferred into diethyl ether (100 mL)
and was filtered to remove the sediment by reduced pressure vacuum. The
separated liquid was evaporated to remove diethyl ether by a rotary evaporation
and the residue aniline by vacuum distillation. This residue was dissolved in EtOAc
and filtered through glass funnel containing alumina gel. The brown solution was
collected and evaporated to obtain the crude product, which was purified by

column chromatography using 20% EtOAc in hexane as eluent. The desired product
was obtained as brown oil and gave 78.4 %yield (0.162 g). "H-NMR: O 3.28 (t, 4H, CH,-
CH,-N), 0 3.65 (s, 8H, O-CH,-CH,-O),
d 3.69 (t, 4H, O-CH,-CH,N), 0 6.61 (d, 4H, Ar), O 6.69 (m, 2H, Ar), & 7.16 (m, 4H, Ar)

2.2.2.3 Synthesis of triethylenediaminophenol 5

SN /N S\ OH N (o] (0] N OH
reflux 60 °C

H _ferfuxob & _ | |
N O O NH2+[j\, ux 6
OH O 5

Triethylenediaminophenol 5 was prepared by adding methanol solution (10
mL) of 3, 6-dioxa-1, 8-diaminooctane (1.483 ¢, 10 mmol) dropwisedly into
salicylaldehyde (2.440 g, 20 mmol) in 20 mL MeOH in a 50-mL two-neck round
bottom flask equipped with a magnetic bar and refluxed for 5 hours. Then, the
mixture was cooled and concentrated using a rotary evaporator before crystallization

at =5 °C overnight. The bright yellow crystal product was filtered and dried by
reduced pressure vacuum (2.768 g, 77.7 %yield). "H-NMR: O 3.60 (s, 4H, CH,-CH,-N), O

3.72 (s, 8H, CH,-CH,-0), O 6.88 (t, 2H, Ar), O 6.94 (d, 2H, Ar), & 7.26 (m, 4H, Ar), O 8.32
(s, 2H, CH-N)
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2.2.3 Synthesis of oligoethylenediazobenzene
2.2.3.1 Synthesis of triethylenediesterazobenzene (D3E)

HN O O NH

@\ NaNo2 HCI
i) pyridine, THF
B e
@ @

Ethyl-2-amino-benzoate (0.165 ¢, 1 mmol) was placed in a 50-mL two-neck
round bottom flask equipped with a magnetic bar and stirred with NaNO, (0.104 g,
1.5 mmol) in 4 M HCl (24 mL) at 0 °C for 15 minutes before addition of
triethylenedianiline 3 (0.100 g, 0.3 mmol) in THF:pyridine (2.4 mL:0.8 mL). After stirring
at 0 °C for 6 hours, the mixture was neutralized by 3 M HCl and extracted by CH,Cl,.
CH,CL, in collected organic phase was removed using a rotary evaporator. The crude
product was purified by column chromatography using 20% EtOAc in hexane as

eluent and the resulting product appeared as orange oil (0.059 g, 9.0 %yield).

Characterization of D3E

"H-NMR: & 1.31 (m, 6H, O-CH,-CHs), & 3.61 (s, 4H, O-CH,-CH,-0), & 3.83 (m, 4H,
O-CH,-CH,-N), O 4.30 (m, 4H, O-CH,-CHs), O 4.43 (m, 4H, CH,-CH,-N), O 7.09 (m, 2H,
A, O 7.24 (m, 2H, Ar), O 7.34 (m, 4H, Ar), O 7.45 (m, 2H, Ar), O 7.53 (t, 4H, Ar), O 7.68
(d, 2H, Ar)

PCNMR: 8 14.30 (2C, O-CH,-CH,), O 46.56 (2C, O-CH,-CH,-N), & 61.01 (2C, O-
CH,-CHs), O 66.99 (2C, O-CH,-CH,-N), O 70.32 (2C, O-CH,-CH,-0), O 118.00 (4C, Ar),
O 120.02 (4C, Ar), O 123.83 (2C, An), O 126.18 (2C, An), O 127.45 (2C, Ar), O 129.06 (2C,
A, O 129.54 (2C, Ar), O 131.67 (2C, Ar), O 144.87 (2C, N=N-Ar), O 149.08 (2C, N=N-Ar),

0 168.11 (2C, C=0)

MALDI-TOF: C36H4ON606 calcd 652.301 found m/z 652.845 [M+H+]
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Elemental Analysis: CsgHagNgOg calcd C, 66.24; H, 6.18; N, 12.88; O, 14.71
found C, 66.31; H, 6.18; N, 12.54; O, 14.97

2.2.3.2 Synthesis of tetraethylenediesterazobenzene (D4E)

WY Y Y

HN O O O NH i) NaNO, HCI © ©
ii) pyridine, THF
4 COOEt — gog =

NH, N D4E Ney

N
Etooc© @,oooa

Ethyl-2-amino-benzoate (0.165 g, 1 mmol) was placed in a 50-mL two-neck
round bottom flask equipped with a magnetic bar and stirred with NaNO, (0.104 ¢,
1.5 mmol) in 4 M HCl (24 mL) at 0 °C for 15 minutes before addition of
tetraethylenedianiline 4 (0.103 g, 0.3 mmol) in THF:pyridine (2.4 mL:0.8 mL). After
stirring at 0 °C for 6 hours, the mixture was neutralized by 3 M HCl and extracted by
CH,Cl,. CH,CL, in collected organic phase was removed using a rotary evaporator. The
crude product was purified by column chromatography using 20% EtOAc in hexane

as eluent and the resulting product appeared as orange oil (0.021 g, 10.3 %yield).

Characterization for D4E

"H-NMR: 8 1.31 (m, 6H, O-CH,-CHs), O 3.61 (s, 4H, O-CH,-CH,-0), & 3.83 (m, 4H,
O-CH,-CH,-N), O 4.30 (m, 4H, O-CH,-CHs), O 4.43 (m, 4H, CH,-CH,-N), O 7.09 (m, 2H,
An), O 7.24 (m, 2H, Ar), O 7.34 (m, 4H, Ar), O 7.45 (m, 2H, Ar), O 7.53 (t, 4H, Ar), O 7.68
(d, 2H, Ar)

PCNMR: 8 14.30 (2C, O-CH,-CHs), O 46.55 (2C, O-CH,-CH,-N), & 61.01 (2C, O-
CH,-CH5), O 66.90 (2C, O-CH,-CH,-N), O 70.58 (4C, O-CH,-CH,-0), & 117.83 (4C, An),
O 119.87 (4C, Ar), O 123.96 (2C, Ar), O 126.05 (2C, Ar), O 127.41 (2C, Ar), O 128.60 (2C,
An), O 129.52 (2C, Ar), O 131.52 (2C, Ar), O 144.88 (2C, N=N-Ar), O 149.06 (2C, N=N-Ar),

0 168.13 (2C, C=0)

MALDI-TOF: CsgHaaNeO; caled 696.327 found m/z 696.768 [M+H']
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Elemental Analysis: CsgHagNgO; calcd C, 65.50; H, 6.36; N, 12.06; O, 16.07
found C, 65.63; H, 6.36; N, 11.62; O, 16.39

2.2.3.3 Synthesis of triethylenedinitroazobenzene (D3N)

Q Q
i) NaNO,, HCI
||)NaOH MeOH

NO, NO,

p-nitroaniline (0.138 g, 1 mmol) was placed in a 50-mL two-neck round
bottom flask equipped with a magnetic bar and stirred with NaNO, (0.104 g, 1.5
mmol) in 1 M HCl (6 mL) at 0 °C for 30 minutes before addition of
triethylenedianiline 3 (0.150 g, 0.5 mmol) with NaOH (0.3 ¢, 7.5 mmol) in MeOH:H,O
(0.7 mL:1.4 mL). After stirring at 0 °C for 2 hours, the mixture was neutralized by 3 M
HCl and extracted by CH,Cl,. CH,Cl, in collected organic phase was removed using a
rotary evaporator. The crude product was precipitated from hexane and purified by
column chromatography using 40% EtOAc in hexane as eluent. The resulting product
appeared as yellow oil and gave

10.7 %yield (0.064 ).
Characterization of D3N
"H-NMR: © 3.61 (s, H, O-CH,-CH,-0), & 3.81 (t, 4H, O-CH,-CH,-N), & 4.47 (t, 4H,

CH,-CH,-N), O 7.18 (t, 2H, CH,-NH), O 7.38 (t, 4H, Ar), O 7.56 (d, 4H, Ar), O 7.63 (d, 4H,
Ar), O 8.24 (d, aH, Ar)

PCNMR: 8 47.04 (2C, O-CH,-CH,N), O 66.90 (2C, O-CH,-CH,N), & 70.77 (2C,
O-CH,-CH,-0), O 118.62 (4C, Ar), ® 121.56 (4C, An), O 124.98 (4C, Ar), O 125.49 (2C, Ar),
O 129.38 (4C, Ar), O 144.54 (2C, N=N-Ar), O 145.78 (2C, N=N-Ar), & 154.98 (2C, Ar-NO,)

MALDI-TOF: Cs4HsoNsO, calcd 598.229 found m/z 598.773 [M+H']
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Elemental Analysis: CsoHzgNgOg calcd C, 60.19; H, 5.05; N, 18.72; O, 16.04
found C, 60.95; H, 5.23; N, 17.49; O, 16.33

2.2.3.4 Synthesis of tetraethylenedinitroazobenzene (D4N)

HN O O O NH

mmmm 0 O
o o i) NaNO,, HCI
)N OH M OH

4 ii a e N”N D4N N\“N

NO, NO,

p-nitroaniline (0.138 g, 1 mmol) was placed in a 50-mL two-neck round
bottom flask equipped with a magnetic bar and stirred with NaNO, (0.104 g, 1.5
mmol) in 1 M HCl (6 mL) at 0 °C for 30 minutes before addition of
tetraethylenedianiline (0.172 g, 0.5 mmol) with NaOH (0.3 g, 7.5 mmol) in MeOH:H,O
(0.7 mL:1.4 mL). After stirring at 0 °C for 2 hours, the mixture was neutralized by 3 M
HCl and extracted by CH,Cl,. CH,Cl, in collected organic phase was removed using a
rotary evaporator. The crude product was precipitated from hexane and purified by
column chromatography using 40% EtOAc in hexane as eluent. The desired product

was red oil and gave 12.2 %yield (0.043 g).
Characterization of D4N
"H-NMR: O 3.60 (d, 8H, O-CH,-CH,-0), & 3.82 (t, 4H, O-CH,-CH,-N), O 4.49 (t, 4H,

CH,-CH,-N), O 7.19 (, 2H, CH,-NH), & 7.39 (t, 4H, An), O 7.58 (d, 4H, Ar), O 7.64 (d, 4H,
Ar), © 8.24 (d, 4H, Ar)

PCNMR: 8 46.26 (2C, O-CH,-CH,-N), O 66.78 (2C, O-CH,-CH,-N), & 70.72 (4C,
O-CH,-CH,-0), O 118.62 (4C, Ar), & 121.37 (4C, Ar), O 124.85 (4C, Ar), O 125.04 (2C, Ar),
O 129.32 (4C, Ar), © 144.52 (2C, N=N-Ar), O 145.73 (2C, N=N-Ar), O 155.00 (2C, Ar-NO,)

MALDI-TOF: Cs,HsNsO- calcd 642.255 found m/z 642.855 [M+H']
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2.2.3.5 Synthesis of triethylenediphenol-esterazobenzene (I3E)

OH HN o 0 NH OH

OH N O O N OH .
flux 70 °C
' + NaBH, —= ==
5 6
(1)

OHHN O O NH OH

OH HN o] o] NH OH
i) NaNO,, HCI
+ iiy NaOH, MeOH
©) 6 b o0 ! aOO c"C *
NH, N,,N I13E N‘\N

EtOOC\© @cooa ”

Triethylenediaminophenol 5 (0.180 ¢, 0.5 mmol) was refluxed with NaBH,
(0.379 g, 10 mmol) in 30 mL THF for 2 days and then the solvent was removed under
reduced pressure to gain white sticky eum. This gum was dissolved in the solution of
NaOH (7.5 mmol) in MeOH:H,O (0.7 mL:1.4 mL) before being dropped into the
mixture of ethyl-2-aminobenzoate (0.165 g, 1 mmol) and NaNO, (0.104 g, 1.5 mmol)
in 6 mL of 1 M HCl at 0 °C and stirred for 30 minute. After stirring at 0 °C for 2 hours,
the mixture was neutralized by 3 M HCl and extracted by CH,Cl,. CH,Cl, in collected
organic phase was removed using a rotary evaporator. The crude product was
purified by column chromatography twice using 20% EtOAc in hexane followed by
70% EtOAc in CH,Cl, as eluents, respectively. The resulting product was orange oil

(0.044 g, 12.5 %yield).

Characterization of I13E

"H-NMR: 8 1.33 (m, 6H, O-CH,-CHs), O 3.62 (s, 4H, O-CH,-CH,-0), & 3.82 (m, 4H,
O-CH,-CH,-N), O 4.00 (m, 4H, O-CH,-CH,-N), O 4.35 (m, 4H, O-CH,-CH,), O 4.95 (s, 4H,
N-CH,-Ar), O 6.82 (t, 2H, Ar), O 6.87 (d, 2H, Ar), © 7.20 (m, 2H, Ar), O 7.43 (m, 2H, Ar),

0 7.80 (d, 2H, Ar)

PCNMR: & 14.32 (2C, O-CH,-CH,), & 43.29 (2C, O-CH,-CH,-N), & 61.18 (2C, Ar-
CH,N), O 61.26 (2C, O-CH,-CHs), © 69.94 (2C, O-CH,-CH,-N), O 70.62 (2C, O-CH,-CH,-
0), 0 118.68 (2C, An), O 120.28 (2C, Ar), O 121.69 (2C, Ar), O 124.28 (2C, Ar), O 125.80
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(2C, Ar), O 129.66 (2C, Ar), O 130.60 (2C, Ar), O 132.02 (2C, Ar), O 146.21 (2C, Ar), O
148.38 (2C, Ar), O 152.19 (2C, N=N-Ar), O 159.51 (2C, N=N-Ar), O 167.49 (2C, Ar-NO,)

MALDI-TOF: CsgHaaNOg calcd 712.322 found m/z 712.655 [M+H']

2.3 Study of sensing properties

The concentration of ligand stock solutions were approximately 1x10 M,
while metal stock solutions (Li+, Na+, K+, Cs+, Rb+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+) and
anion stock solutions (OH , F, CN ) were approximately 0.01 M and 0.01 M,
respectively. The exact concentration of metal salt stock solutions was determined
by complexometric titration with EDTA. Naked eye sensing was studied by addition of
guest solutions into 1><10_4, 5><10_5, 2X10 " M lisand solutions at specified ratios.
UV-visible spectra were collected by addition of guest solutions into 2X10 M ligand

solutions at specified ratios using a 0.2 or 1 cm path length cuvette.



CHAPTER Il
RESULTS AND DISCUSSIONS

3.1 Synthetic procedures

Herein, a general design of a novel series of metal ion chromogenic sensors
was originally expected to be ditopic sensors via allosteric effect, which allowed the
molecules to rearrange its conformation after binding with a first target to selectively

bind with a second target. The chromogenic derivatives in this research consisted of

Tt-conjugated system from benzene rings and azo chromophores, which could be
found in most commercial dyes and able to interact with metal ions such as
chromium, copper, and mercury [13, 51, 60-63]. The sensing ligands in this study
were designed to consist of diaza-pseudocrown ether connecting to aromatic rings
and azo bonds. The variation in the ligands would be 1) the connection of nitrogen
atoms in diaza-pseudocrown ether to the aromatic rings, 2) number of ethylene
glycol units in pseudocrown ether, and 3) the functional group on the ending
aromatic rings. This variation is shown in Figure 3.1. Note that the short code for the
studied ligands consisted of three components starting with D or I, which indicated
the connection between nitrogen and aromatic rings either being direct (D) or indirect
(I). Next, number 3 or 4 referred to the number of ethylene glycol units in molecule,
and last initial E or N represented the functional group R on the benzene rings as
either E for ester group or N for nitro group. The indirect derivatives also contained

hydroxyl group on the aromatic rings next to pseudocrown unit at para position to

azo bonds.
molecules X Y z R
z  HN o i o jx NH -z I3E 1 1 OH  o-ester
| = v | = D3E 1 0 H o-ester
N/ 7 ’\/N D4E 2 0 H o-ester
N7 Y
I3N 1 1 OH  p-nitro
s =
| \ D3N 1 0 H p-nitro
% X

R R D4N 2 0 H p-nitro
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Figure 3.1 The target pseudocrown ether derivatives

3.1.1 Ester derivatives

The first derivative of ester pseudocrown ether ligand, I3E, beared the
hydroxyl groups on the azobenzene rings to provide lone pairs to enhance the
delocalization of TT-conjugated system and induce the azo-hydrazone tautomerism
by the rotation of proton from hydroxyl group to azo bond, thus promoting a
bathochromic shift [38, 39, 51, 60]. The second ester derivative, D3E, had its terminal
nitrogen atoms in polyethylene chain connected directly to aromatic regions to give
lone pairs to T-conjugated system. And the last molecule of ester series, D4E,
differed from the others by the longest ionophoric chain because of one extra
ethylene glycol unit expecting to increase the flexibility of ligand for the efficiency of

selective metal ion wrapping.

OH HN NH OH
NN Ny
EtOOC COOEt
13E
HN NH
NN Ny NN Ney
EtOOC COOEt EtOOC COOEt
D4E

Figure 3.2 Ester pseudocrown ether derivatives

3.1.1.1 Synthesis of I3E

I3E, the first ligand to be synthesized in this series, was planned to be
generated from initial Scheme 3.1. According to this scheme, the preparation of

starting material (6) for I3E had many steps including the synthesis of
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triethyleneditosylate (1) and aminophenol (a) [64]. Although triethyleneditosylate (1)
was easy to be generated in high quantity yield, aminophenol (a) was quite hard to
obtain because of multiple synthetic steps. In addition, the preparation of
triethylenediphenol (6) via the substitution of aminophenol (a) on tosyl group in
triethyleneditosylate (1) was not successful because hydroxyl group on aminophenol
(a) was a stronger electrophile than amino group, leading to a preferential interaction

of triethyleneditosylate (1) and OH group rather than and NH, group.

OH +2TsCl

i) NEt;, DMAP
ii) CH,Cly, 0 °C

NHHCI NH; 0._OMe 0._OH

i) NaBH, THF
o I 154 ‘ot + o i) 2 M HCI o NHs(aq) E/D/OH MeOH/H;S04 é’ on

i) NazCO4

i) CH;CN
NSNS
H HN o] 0] NH H
i) NaNO,, HCI
iiy NaOH, MeOH
COOEt T,-
2N I13E N-\-N

EtOOC COOEt

Scheme 3.1 First synthetic pathway of I3E

So, I3E synthetic plan was changed to Scheme 3.2 by adjusting the synthetic
method of triethylenediphenol (6) from the substitution reaction between
triethyleneditosylate (1) and aminophenol (a) to the reduction reaction of Schiff base
(5) [65]. The purification of final product I3E was challenging because the crude
products contained many by-products, some of them having amino and oxy groups
such as one-side arm azobenzene derivative, products of self-coupling esteraniline,
which could bind strongly via H-bonding with stationary phase such as silica or
alumina gel in column chromatography. This problem was solved by doing
separation using silica gel twice: the first round employed 20% EtOAc in hexane as
eluents, which was able to elude many by-products, and kept the target product at

the baseline because of its high partial charge and strong chromophores. After
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exaction the baseline silica gel with methanol, the crudes were purified by the
second column chromatography using 70% EtOAc in CH,Cl, as eluents to obtain the

desired product.

Cy
HN ©O O NHp + H

OH O
i) MeOH
ii) reflux 60 °C
H f\{ 0 (o] I\|J H
5
i) NaBH, THF
i) reflux 70 °C

N
EtOOC\C

Scheme 3.2 Second synthetic pathway of I13E

COOEt

HHN o] (e} NH OH
H HN 6] (o] NH H i) NaNO,, HC
6 + COOE i) NaO:[,)gdeOH
NH, N I3E N\\N

3.1.1.2 Synthesis of D3E

D3E was the second synthesized molecule of the ester based pseudocrown
ether derivatives, which was designed for the study of the influence of the shorten
space between nitro atom at the chain ends and aryl moieties on the optical
behavior. This molecule, differing from I3E by the lack of methylene bridge and
hydroxyl group to reduce the steric effect, was synthesized through the azo coupling
reaction between triethylenedianiline (3) [66] and esteraniline as shown in Scheme
3.3. The purification of final products D3E was much easier than I3E because of the

absence of OH groups.
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HO O O OH + TsCI

i) NEtz, DMAP
ii) CH,Cl,, 0 °C

A Q
TsO OTs +

1 NH,

reflux 100 °C

— — — HN o O NH
i) NaNO,, HCI
ii) pyridine, THF
COOEt —"Cb
N,N D3E N‘\N

EtOOC\© ©/cooa

Scheme 3.3 Synthesis pathway of D3E

3.1.1.3 Synthesis of D4E

D4E was designed based on D3E analogue by an extension of the ionophoric
chain with a unit of an oxygen atom connected by an ethylene moiety for the study
of the effect of the higher flexibility upon the wrapping around metal ion. The
synthetic procedure of DAE was thus similar to the synthetic procedure of D3E in
Scheme 3.3 but tetraethylene glycol was used as starting reagent instead of
triethylene glycol to vyield tetraethyleneditosylate (2) and tetraethylenedianiline (4),

respectively.

3.1.2 Nitro derivatives

The presence of nitro group was introduced into this research via changing
the ester substituent in ester pseudocrown ether analogues to the nitro substituent
aiming to increase the different partial charge between electron-donating and
electron-accepting moiety in the ligand for productive optical properties. Originally, a
series of nitro derivatives was planned to have three members as same as in ester
derivatives: 13N, D3N, and D4N being analogues to I3E, D3E, and D4E, respectively.

Unfortunately, a molecules bearing hydroxyl group, I3N, could not be separated
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from the mixture products even after several separations under various conditions.
The study of 13N was thus paused whereas the other nitro ligands, shown in Figure

3.3, were studied.

HN O O NH HN O O O NH
NN Nen NN Ney
Do OO o Q)
NO, NO, NO, NO,

Figure 3.3 Nitro pseudocrown ether derivatives

3.1.2.1 Synthesis of D3N

The synthesis of D3N was similar to the synthesis of D3E but there was a
different condition for the azo coupling reaction using nitroaniline as reagent instead
of esteraniline. However, the azo coupling reaction of nitroaniline failed when using
pyridine as base in THF, which might be caused by the poor promotion of proton
abstraction during the azo bond formation as shown in Scheme 3.4 compared to the
rate of azo bond formation between two diazonium salts, which inhibited the
generation of the desired product. So sodium hydroxide, a stronger base, in
methanol was used instead to increase HCl neutralizing rate, thus promoted the azo
bonding between triethylenedianiline (3) and nitroaniline leading to the successful

synthesis of D3N.
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l NO,
[ ]/ NQ‘\N/Q/
H +HCl
N

Scheme 3.4 Formation of azo bond in D3N

3.1.2.2 Synthesis of D4N

D4N was designed to study the influence of the length of ionophoric chain in
the nitro pseudocrown ether derivatives via extension of the polyethylene chain with
one unit of oxygen atom connected with ethylene moiety. Thus, the synthetic plan
of D4N was similar to the synthesis of D3N by changing the starting reagent from
triethylene glycol to tetraethylene glycol to produce tetraethyleneditosylate (2) and

tetraethylenedianiline (4), respectively.

3.2 Studies of sensing properties of pseudocrown ether derivatives

Optical properties of 5 novel pseudocrown ethers bearing azobenzene

moieties were studied of which the absorption spectra at 1x10 * M shown in Figure
3.4. The three ester derivatives namely I3E, D3E, and D4E, all dissolved in methanol,
yielded a pale yellow, yellow, and slight yellow solution, respectively, corresponding
to the wavelength of maximum absorption (A0 at 325, 406, and 295 nm. The two
nitro derivatives, D3N and D4N, displayed brown and bright yellow solution in DMSO,
with the maximum absorption at 404 and 399 nm, respectively. It can be seen that
the nitro derivatives showed the higher intensity of absorption than ester ones which

could be the results from the distribution of electron density between amino
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electron-donating groups and nitro electron-accepting moieties. The comparable
maximum absorption for D3E and nitro derivatives, supported by intense color

appearance, suggests that these ligands were in neutral azo form. Meanwhile the 100

nm shift of I3E and D4E’s Kmax to shorter wavelength suggests protonated-related
azo form, similar to what reported in a literature [50]. This might be caused by
interaction between MeOH and secondary amine moieties, which could happen in

I3E and D4E because of the extra methyl and ethylene glycol group, respectively.

[\ —I3E
—D3E

e DAE

Absorbance

250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

SeEoee

13E D4E D3N D4N
A,m= 325 nm A.M= 406 nm A.m__x= 295 nm km= 404 nm kw= 399 nm

Figure 3.4 UV-visible spectra and colors of five pseudocrown ether derivatives at

1><1O_4 M in MeOH (ester derivatives E) or DMSO (nitro derivatives N)

3.2.1 Ester derivatives
3.2.1.1 Study of sensing property of I3E

I3E, a pale yellow solution in methanol, displayed the wavelength of
maximum absorption (Ams) @t 325 nm as can be seen in Figure 3.4 (vide supra).

Adding 10 equivalents of alkali metal ions (Li+, Na+, K+, Rb+, Cs+) into ligand

solution did not bring any change in color and UV-visible absorption spectra. Then,
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addition of 10 equivalents of transition or heavy metal ions (Coz+, Niz+, Cu2+, Zn2+,
Cd2+, Hg2+, and Pb2+) was thus investigated. Unfortunately, none of these metal ions
could lead to any obvious change in color and UV-visible spectra, which the

presence of Cu”" showed a small enhancement of absorption intensity in UV region.

—I3E
—— I3E_Li+
I3E_Na+
I3E_K+
——I3E_Rb+
——I3E_Cs+
— —-13E_Co2+
— — - I3E_Niz+
— —-I3E_Cu2+
I3E_Zn2+
— —-1I3E_Cd2+
— —-I3E Hg2+
— —-I3E_Pb2+

Absorbance

0.00 T - - -
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

Figure 3.5 UV-visible spectra of 1x10 " M I3E upon addition of 10 eq of metal ions

Furthermore, 10 equivalents of hydroxide ions was introduced into I3E
solution in expectation that deprotonation of H' on phenyl groups in this ligand
could disturb the electrons in Tl-conjugated system leading to color change. It
turned out to be the case because color changed from pale yellow without base to
bright yellow in basic condition corresponding with an appearance of a new peak

around 440 nm.

Hence, the study of metal sensing properties of I3E under 10 equivalents of
hydroxide ions condition was examined. In case of alkali metal ions, the color and
UV-visible spectra change were still similar to the presence of only hydroxide ion in
lisand solution, except for the presence of K" induced a small suppression of
absorption intensity around 440 nm. Whereas addition of transition or heavy metal

ions into this system could convert bright yellow solution to pale yellow mixture
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with precipitates as metal-hydroxide complexes, which disturbed the UV-visible

spectra.

055 -
——I3E

—I3E_Li+
I3E_Na+
I3E_K+

——I3E_Rb+

—I3E_Cs+

——-I3E_OH-

——-I3E_OH_Li+
I3E_OH_Na+
I3E_OH_K+

— —~13E_OH_Rb+

— ——I3E_OH_Cs+

Absorbance

T L L L T 1
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

Figure 3.6 UV-visible spectra of 1x10 " M I3E upon addition of 10 eq of alkali metal

ions under the neutral (solid line) and basic (dash line) conditions

Lastly, the test for proving hypothesis of allosteric effect in designed ligand
was studied by addition of two different metal ions, which were expected to bind
different ionophores to induce the noticeable color change for naked-eye
observation. The first metal ion, Rb+, was chosen to be a target metal ion at
pseudocrown ether region by considering from its proper size and character of hard
acid allowing Rb" to interact preferably with oxygen atoms. The second metal, Pb2+,
expected to be a major target metal ion in this research, was marked as a target

metal ion of ester-azobenzene region because of its soft character countering with

soft base as carbonyl groups and Tt-conjugated systems. These studies were carried
out under non-hydroxide and hydroxide conditions and looked into sequential
addition, i.e., adding Rb™ before Pb2+, adding Rb" after Pb2+, and adding Rb" and Pb™
together. The results showed that in non-hydroxide ion system, the alternate adding

orders of Rb" and Pb’" could not lead to any color change. In the case of hydroxide
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ion systems, the results showed that the color changed from bright yellow solution
to pale yellow mixture with white precipitates in any sequential additions, which was
similar to the previous result of adding only Pb™ in basic condition. So, the
hypothesis of allosteric effect in this designed ligand could not be proved via the
addition of these two metal ions because none of color changes was noticed: Rb
and Pb were probably unable to invent allosteric conformation involving the

chromogenic regions of this ligand.

" . | " !
- .

— ——

I3E I3E+OH Rb+OH Pb+OH Rb+Pb+OH

—

Figure 3.7 Color change of 1x10 " M I3E in MeOH (left) upon addition of 10 eq of
hydroxide ions and (right) upon addition of 10 eq of Rb” or/and Pb’ " for study of

allosteric effect in hydroxide ion system

As mentioned, I3E solution could not express any selective changes in color
and absorption spectra upon addition of metal ions, which indicated the lack of
interaction between this molecule and metal ions. These outcomes could be
explained by the following factors: first, polyethylene chain could not wrap around
alkali metal ions due to the steric effect from hydroxyl moieties near polyethylene

chain, which could repulse each other when they came closer. Second, the transition

metal ions could not interact with ester groups and Tl-conjugated systems because
of the inappropriate conformation of I3E covering the unsuitable directions and

length between transition metal ions and recognition sites.

3.2.1.2 Study of sensing property of D3E

D3E, a yellow solution in methanol, displayed the wavelength of maximum

absorption (A0 at 406 nm as can be seen in Figure 3.4 (vide supra).
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The investigation of complexation behavior of D3E toward 10 equivalents of
metal ions began from the addition of alkali and alkaline earth metal ions (Li+, Na+,
K+, Rb+, Cs+, Mg2+, Ca2+) and was found that no obvious color and UV-visible spectral
change was observed. Then the addition of transition and heavy metal ions (Cu2+,

Zn2+, Cd2+, Hg2+, Pb2+) was studied and any notable change in color was still not

observed, except for the case of cu” which brought a small colored intensity.

L 3 s 2 A A 4 & J
D3E N Na® K* Meg** Ca®* cu? Heg**

Figure 3.8 Color of 5%x10 M D3E upon addition of 10 eq of metal ions

The absorption spectra of D3E in the presence of metal ions (alkali, alkaline
earth, or transition), shown in Figure 3.9, did not showed any new distinct absorption
band but a small shoulder around 550 nm in the case of Cu”". Small hyperchromic
and hypochromic effects (enhancement and suppression of absorption intensity,

respectively) were observed for the case of I\/\gz+ and Cu2+, respectively.

The fact that the presence of various metal ions could not bring any
pronounced change in color and UV-visible spectra might be explained by two major
factors. First, the pseudocrown ether chain contained less binding sites for alkali and
alkaline earth metal ions as oxygen atoms leading the lack of stable interaction
between D3E and these metal ions. Second, the electron accepting group as ester
group was too weak to induce the disturbance of the efficient delocalization of
electrons from electron donating groups to electron accepting groups upon the
interaction of this ligand and metal ions, which caused indistinct color and UV-visible

spectral changes.



39

0.0 — D3E

——D3E_Li+
—— D3E_Na+
——D3E_K+
—— D3E_Rb+
——D3E_Cs+
—— D3E_Mg2+
— D3E_Ca2+
— —-D3E_Cu2+
D3E_7Zn2+
— —-D3E_Cd2+
— —-D3E_Hg2+
D3E_Pb2+

0.55
050 ||
0as [}
0.40 |
035 |

0.30 |

Absorbance

0.25 |

0.20 |

0.15 -

0.10 |

0.05 -

0.00

T T T T T T T f 1
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

Figure 3.9 UV-visible spectra of 5x10 M D3E upon addition of 10 eq of metal ions

Even if no single ion could make any obvious change, the examination of
allosteric effect was still carried on by choosing a couple of metal ions anticipating to
fit with each ionophoric regions. Li" was selected for inducing the wrap-around
capability of the polyether chain corresponding to the suitable size and hard-soft
acid-base relationship between guest and host. Another chosen metal ion was cu”
because the presence of cu” in D3E solution increased color intensity. This
examination included the order of metal ions addition such as addition of Li" before
cu” and addition of Li" after Cu”". The results showed hypochromic effect when
cu”™ was presence. However, less effect was observed when Li" was added into

copper solution, suggesting that cu”" somehow helping ligand—Li+ interaction. This

observed allosteric effect, unfortunately, was too small to be of any use.
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Figure 3.10 UV-visible spectra of 5%10 M D3E in MeOH upon addition of 10 eq of
Li* and cu” for study of allosteric effect
3.2.1.3 Study of sensing property of D4E

D4E, a slight yellow solution in methanol, displayed the wavelength of

maximum absorption (A, at 295 nm as can be seen in Figure 3.4 (vide supra).

The responding of D4E upon the addition of 10 equivalents of metal ions
showed that addition of alkali and alkaline earth metal ions (Li+, Na+, K+, Rb+, Cs+,
!\/\g2+, Ca2+) could not exhibit any changes in color and UV-visible spectra, similar to

the addition of transition and heavy metal ions (Cu2+, Zn2+, Cd2+, Hg2+, Pb2+).

—_— wl “Sroedi 1 ] 5
D4E Li* Na® K* Rb™

[S— SR T— S e ——)

_—— S S— e ———
n2+ d2+ H 2+ b2+
(S \” ——N - - v S

-_— —_— = - R - -~ ¢
—_— A e e

Figure 3.11 Color of 1x10 M D4E upon addition of 10 eq of metal ions
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Figure 3.12 UV-visible spectra of 1x10 ' M D4E upon addition of 10 eq of Rb" or Pb™

jons

According to the results, the absence of optical changing toward the addition

of metal ions implied that none of the interaction between this ligand and metal

ions was strong enough to disturb the electrons in Tl-conjugated system to induce
color and UV-visible spectral changes due to the lack of degree of organization for
metal ions wrapping as pseudocrown ether conformation given by the high flexibility

of this ligand.

3.2.2 Nitro derivatives
3.2.2.1 Study of sensing properties of D3N

D3N, a brown solution in DMSO, displayed the wavelength of maximum

absorption (A0 at 404 nm as can be seen in Figure 3.4 (vide supra).

In a case of addition of 25 equivalents of alkali metal ions (Li+, Na+, K+, Rb+,
Cs+), the results exhibited none of the noticeable color and UV-visible spectral
changes, excepted K" which showed a slight suppression of the wavelength of
maximum absorption of D3N. Addition of 25 equivalents of transition and heavy
metal ions (Cu2+, Zn2+, Cd2+, Hg2+, Pb2+), however, could exhibit the color change
from brown to light orange corresponding to a new absorption peak around 490 nm.

The absorption intensity at this new band could be sorted in a descending order
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from Cd2+ > Zn2+ > Cu2+ > Hg2+ ~ Pb2+, which related to the presence of Cd2+

showing a more intense orange color among the others.
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Figure 3.14 UV-visible spectra of 2x10 " M D3N upon addition of metal ions

Furthernore, addition of 25 equivalents of hydroxide ion was introduced to
this study due to azobenzene compound being known as acid-base indicator, i.e.
methyl yellow, methyl orange, D3N methyl red, alizarine yellow r, etc. [50, 67-69].
The results exhibited the obvious color change from brown to dark purple. A

successive titration of hydroxide ion into D3N was then performed and the spectral

changes were shown in Figure 3.15 starting from 2 OH equivalents to deprotonate
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two amino protons in this ligand. It can be clearly seen that a new absorption band

occurred in a presence of base (e.g. 574 nm at 2 OH equivalents) and this new peak

shifted to a longer wavelength with increasing amount of base. Thus a maximum
wavelength difference between the D3N and D3N+OH peaks would be around 170

nm in a presence of 2 OH equivalents.
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Figure 3.15 UV-visible spectra of 2x10 " M D3N upon the presence of various

amount of hydroxide ions

To investigate the effect of strong basic anions, addition of F and CN were
performed and the color and UV-visible spectral changes for adding these two anions
were found to be similar to the case of OH addition. Then a strong nucleophile but
a mild basic anion as | was examined and none of the changes in color and UV-
visible spectrum was obtained. These results indicated that the interaction between
D3N and these strong basic anions should not involve any nucleophilic addition
especially in the case of CN addition but it should relate to hydrogen bonding

and/or a deprotonation of acidic hydrogen atom in this ligand.

According to the obvious color change upon addition of strong basic anions,

the addition of metal ions into basic ligand condition was interesting. The equivalents
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of added hydroxide ion were chosen to be 2 since this ratio showed the maximum
wavelength difference. It was found that addition of alkali ions into D3N+OH  could
not lead to any color or spectral change (Figure 3.16), i.e. the color was still dark

purple.
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Figure 3.16 UV-visible spectra of 2x10"° M D3N upon addition of alkali metal ions

under the neutral (solid line) and basic (dash line) conditions

Even if addition of alkali ions to basic D3N solution did not show any special
results, it was really interesting that the presence of transition or heavy ions could
change the dark purple color of basic ligand solution back to orange shade. The UV-
visible absorption spectra, shown in Figure 3.18, revealed a wavelength shift from
570-576 nm back to the transition and heavy metal ions absorption band around 490
nm accompanying the enhancement of intensity. The absorption intensity around
490 nm in descending order was found to be cd” > ng+ >zn’t > cu”™ > Po”. This
order was slightly different from the order in the absence of base because Hg2+,
showing the highest hyperchromic effect, was moved from last to second position.
The observed orange color when transition or heavy metal ions were present with
hydroxide was independent to the order of metal ions and basic anion addition into

D3N solution, i.e. no matter which ion (metal ion or basic anion) was added first, the
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color of the D3N+M”+OH mixture was always orange. It should be noted though
that even if transition and heavy metal ions could induce color change from yellow
(or purple when base was present) to orange, this change was not selective, ie. all
transition and heavy metal ions studies yielded orange color. The lack of selective
interaction between this ligand and these metal ions might be caused by the
flexibility of this molecule and the less steric effect at azobenzene parts, which

allowed this host to bind all transition and heavy metal ions without the selectivity

+2eqOH +2eqOH

of size selection.

D3N

5%x10° M + 2 eq Cd* + 2 eq Cd**

Figure 3.17 Color of 5x10 M D3N upon addition of Cd” or/and OH  for the

demonstration of the naked-eye sensor for transition and heavy metal ions

The observation of this “always orange” could be applied to a naked-eye
sensor for transition or heavy metal ions due to a high contrast change from purple
solution of D3N and 2 equivalents of hydroxide ions to orange color when metal ion

was presented, which will be discussed in section 3.5 (vide infra).
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Figure 3.18 UV-visible spectra of 2x10"° M D3N upon addition of transition and
heavy metal ions under the basic condition under the neutral (solid line) and basic

(dash line) conditions

In addition, the occurrence of peak around 490 nm in the presence of
transition and heavy metal ions, with or without strong basic anions, suggested that
the interaction between D3N and transition and heavy metal ions should involve to
nitrogen atoms in the two azo bonds. The fact that basic anions could not alter the
absorption implied that these basic anions had to interact with the different binding

site.

The allosteric effect in D3N was also studied by the sequential addition of a
couple of metal ions, which was anticipated to be appropriate for different
ionophores in this host. The first metal ion being chosen for the ionophoric chain was
K" due to a slight purple color observed in a preliminary study and the second metal
ion being chosen for nitrogen atoms in azo bonds and TT-electrons on benzene rings
was Cd”" due to the most color intense of D3N-Cd’ " solution. These studies were
proceeded under non-hydroxide and hydroxide ions conditions and looked into
sequential addition, i.e. addition of K first, addition of Cd2+ first, and addition of K

and Cd”* together. The results showed that the final color observed in the mixture
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was always orange, ie. K" could not alter any color at all, and in the presence of
base, addition of cd” would change purple color back to orange. These outcomes
reflected that D3N ligand lacked the allosteric effect because none of a dual metal

ions condition could exhibit the different optical properties.

3.2.2.2 Study of sensing properties of D4N

D4AN, a bright yellow solution in DMSO, displayed the wavelength of

maximum absorption (A0 at 399 nm as can be seen in Figure 3.4 (vide supra).

The sensing property of this host was studied by addition of 10 equivalents of
alkali, alkaline earth, transition or heavy ions (Li+, Na+, K+, Rb+, Cs+, I\/\g2+, Ca2+ Cu2+,
Zn2+, Cd2+, Hg2+, Pb2+) into the ligand solution. Unfortunately no metal ion could
bring any changes to color or UV-visible spectrum (Figure 3.19 Figure 3.20). Because
of some remarkable results of D3N, more metal ions (Coz+, Niz+, Mn2+, Sn2+, AL3+, Eu3+)
were also studied in the case of D4N hoping that it might have induced some
change. However, none of these metal ions could induce any color or UV-visible
spectral change. Note that some of metal ions solutions were prepared in methanol,

and it was proved that there was no solvatochromic effect from adding 0.1 mL

methanol into 1 mL of

1x10 M D4N, i.e. there was no color change from using different solvents.

According to the color change of D3N analogue solution towards the
presence of strong basic anions (OH_, F_, CN_), the addition of strong basic anions
into D4N was also carried out but no obvious color change was observed because
the new shoulder peak around 590 nm was too small. These results might be caused
by the flexibility of D4N allowing protons in amino groups to form hydrogen
bondings with oxygen atoms in pseudocrown ether unit preventing basic anions to
interact with these protons. Furthermore, the added ratios of basic anions might be
improper due to the influence of the extended polyether chain on the acidity of

protons in amino groups.
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Figure 3.19 Color of 1x10 " M D4N upon addition of ions
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Figure 3.20 UV-visible spectra of 1x10 ' M D4N upon addition of ions

The lacking of sensing property of D4N towards any ion could be explained
by the high flexibility of this host, which caused it to lose to form favorable

conformation for guests.
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3.3 Studies of the interaction of D3N toward strong basic anions

Azobenzene derivatives containing amino substituent in the para position
usually display azo-hydrzone tautomerism in solution, of which the hydrazone form
always shows a bathochromic shift (the maximum wavelength of absorption moving
to a longer wavelength) from the azo form by around 100-150 nm differences [40,
50, 51, 70, 71]. In the case of light brown D3N in DMSO with a maximum absorption
at

404 nm, addition of strong basic anions (OH , F, CN ) led to dark purple color with
an appearance of a new peak around 570-575 nm as shown in Figure 3.21. This
approximate 170 nm bathochromic shift in D3N system is similar to the azo-
hydrazone tautomerism. The fact that additions of transition and heavy metal ions
into basic ligand solution could retreat the peak maximum of the purple solution to
490 nm of orange solution, as in the case of adding only metal ions, suggests that

the interaction between D3N and strong base is a reversible reaction.
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Figure 3.21 UV-visible spectra of 210" M D3N upon addition of cd” or/and OH~

for the demonstration of the naked-eye sensor for transition and heavy metal ions

The bathochromic shift around 170 nm of D3N in the presence of strong basic

anions could be a result of an interaction of base with hydrogen at secondary amine
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moieties leading to hydrozone-like form. The electron withdrawing groups like nitro
groups could increase proton acidity and promote the formation of the strong
hydrogen-bonded complexes. The resonance structures for azo-hydrzone tautomers
in D3N were proposed in Figure 3.22 based on similar results from structures of azo

bonds connected to nitro-benzene [40, 50, 67, 72, 73].

O O (70 O‘>
@y @
\ (OH", F CNY) \ |
N/’ N\N
|
\ | |
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Figure 3.22 Postulated resonance structures

The 'H-NMR spectroscopy was employed to investigate the detail of the
interaction between strong basic anions and D3N via the addition of the various
amount of tetrabutylammonium fluoride solution from 0.1 to 2 equivalents into the
[Dg] DMSO solution of 4 mM D3N. If the hydrogen bonding or/and the deprotonation

at secondary amine moieties occurred, the 1H—N!\/lR spectrum could reveal the

change in chemical shift of the related proton or/and the appearance of HF, peak.
Unfortunately, the result was inconclusive due to the high intensity of proton in

tetrabutylammonium ion compared to the intensity of proton in this ligand, which

probably led to a missing of HF, signal.

To confirm the proposed structure, solid potassium fluoride or potassium
cyanide which was hardly soluble in DMSO was added into D3N solution directly.
The resulted 'H-NMR spectra did not show any distinguishable changes in any proton
chemical shift nor the presence of HF, or HCN signal. However the solution color
did change from yellow brown to dark purple immediately after adding anion salts

confirming that some interactions really occurred.
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Many publication stated that the appearance of HF, signal around 15-16
ppm [72-76] could be found at high concentration of F (up to 10 equivalents) due
to acidity of proton [75]. Moreover, some reports showed that neither chemical shift
changes in aromatic ring region during the hydrogen bonding complex formation nor
the signal of HF, could be seen in the presence of a small amount of F [74, 76]

The similar results were also observed in the case of low concentration of CN  of

which no chemical shift change in aromatic rings nor free HCN signal around 5-6 ppm

could be observed [77]. Thus, it is possible for this study that the absence of HF, or
HCN sign and significant chemical shift changes in these "H-NMR spectral studies
might be caused by the low concentration of anions especially the case of solid
addition, which could not indicate the exact amount of anions dissolving in [Dg]

DMSO.

3.4 Studies of the sensitivity of D3N toward fluoride and cyanide ions

As the presence of fluoride or cyanide ion could cause the obvious change
from yellow to dark purple, it was interesting to obtain the calibration curves for
these anions via UV-visible spectrophotometric titration between 20 uM D3N and

tetrabutylammonium fluoride or tetrabutylammonium cyanide in DMSO.

3.4.1 Sensitivity of D3N toward fluoride ion

The construction of a calibration curve for F was found out that a linearity of
a calibration plot of the absorption intensity of 20 uM D3N at 569 nm versus [F ] in
DMSO solution showed the correlation coefficient of 0.9832 in the range of the
increment amount of F from 10 to 40 uM. The slight tint of violet observed at 40

UM F addition allowed a naked-eye sensor for F as shown in Figure 3.24.
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Figure 3.23 Calibration curve of 20 pM D3N for the determination of the

concentration of Fin DMSO

Figure 3.24 Color of 20 uM D3N upon the addition of various amount of F in DMSO

3.4.2 Sensitivity of D3N toward cyanide ion

The construction of a calibration curve for CN  displayed a linearity of a

calibration plot of the absorption intensity of 20 uM D3N at 574 nm versus [CN ] in

DMSO solution with the excellent correlation coefficient of 0.9956, which covered
the range of the increment amount of CN from 2 to 10 uM. The tint of violet could

be noticed after the presence of 4 uM CN  as shown in Figure 3.26.
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Figure 3.26 Color of 20 uM D3N upon the addition of various amount of CN in
DMSO

Moreover, the scale of linearity for CN detection could be extended to a
higher concentration range by increasing the concentration of this ligand. For
example, a calibration plotting of the absorption intensity of 50 uM D3N at 574 nm
versus [CN'] could exhibit a linear fashion with the increment amount of CN~ from

2.5 to 30 pM, which corresponded to the correlation coefficient of 0.998.
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Figure 3.27 Calibration curve of 50 uM D3N for the determination of the

concentration of CN  in DMSO

So, D3N was able to be used as CN optical sensor for a trace and high

quantities analysis.

3.5 Studies of the sensitivity of D3N toward transition and heavy metal ions

under the basic condition

Although the interaction between D3N and transition or heavy metal ions in
the absence and the presence of strong basic anions in DMSO could not show any
distinguish optical changes toward specific metal ions, the enhancement of
absorption intensity in transition and heavy metal ions band caused by the presence
of strong basic anions was interesting to use as the condition for the quantitative
analysis of these metal ions, which was expected to assist the detection of the signal

from a trace amount of these metal ions.
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3.5.1 Sensitivity of D3N toward cadmium ion

A calibration curve for Cd was constructed from the absorption intensity of
20 uM D3N with 2 equivalents of hydroxide ions at 575 nm versus [Cd2+] in DMSO
solution because the maximum wavelength caused by the presence of hydroxide
ions was more consistent than the maximum wavelength of the presence of Cd2+,
which moved to the shorter wavelength upon the increment of [Cd2+] as shown in
Figure 3.28. A linearity of this calibration plot was found in the range of the
increment amount of Cd”" from 2 to 10 UM with the satisfied correlation coefficient
of 0.9968 (Figure 3.29), while the color change upon the presence of cd” was
noticed after the concentration of Cd'* reached 4 uM (Figure 3.30).
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Figure 3.28 UV-visible spectra of 20 uM D3N under the basic condition upon the

addition of various amount of Cd2+ in DMSO.
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Figure 3.29 Calibration curve of 20 uM D3N under the basic condition for the

determination of the concentration of Cd2+ in DMSO.

Figure 3.30 Color of 20 uM D3N under the basic condition upon the addition of

various amount of Cd2+ in DMSO.

3.5.2 Sensitivity of D3N toward mercury ion

The plot of a calibration curve showed the absorption intensity of 20 uM D3N
with 2 equivalents of hydroxide ions at 574 nm versus [Hg2+] in DMSO solution due to
the stable maximum wavelength of the hydroxide ion region comparing with the
blue shift maximum wavelength of the ng+ region. This calibration plot displayed
the linearity with the correlation coefficient of 0.9824 in the range of the increment

amount of Hg2+ from 2 to 8 uM as shown in Figure 3.31.
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Figure 3.31 Calibration curve of 20 pM D3N under the basic condition for the

determination of the concentration of ng+ in DMSO

3.5.3 Sensitivity of D3N toward zinc ion

The construction of a calibration curve the absorption intensity of 20 yM D3N
with 2 equivalents of hydroxide ions versus [Zn2+] in DMSO solution was pointed at
575 nm of the hydroxide ion band because the absorption intensity in the presence
of Zn”" was very broad, which was hard to define the maximum absorption. This
calibration curve could work in the range of the increment amount of 7n”" from 8 to

20 pM and showed the linearity with the excellent correlation coefficient of 0.999

(Figure 3.32).
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Figure 3.32 Calibration curve of 20 uM D3N under the basic condition for the

determination of the concentration of Zn2+ in DMSO
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According to the calibration curves of these metal ions, D3N was able to use

as the sensor for the quantitative detection of transition and heavy metal ions.



CHAPTER IV
CONCLUSION

4.1 Conclusion

The five novel diazo pseudocrown ether derivatives bearing azo benzene
units were successfully synthesized. The sensing properties toward metal ion of ester
derivatives showed no obvious color change probably due to the steric effect from
ester substituents on terminal benzene rings preventing favorable configuration for

metal ion binding. In the case of nitro derivatives, a light brown solution of D3N in

DMSO (Arae = 404 nm) exhibited a color change from light brown to light orange
having a new maximum absorption approximately at 490 nm upon the addition of

transition or heavy metal ions (Cu2+, Zn2+, Cd2+, Hg2+, Pb2+). Moreover, the addition of

strong basic anions (OH , F, CN) resulted in dark purple color with a new
absorption signal around 570-576 nm, a 170 nm shift to a longer wavelength. This
solution could turn into orange once transition or heavy metal ions were added. The
fact that whenever transition or heavy metal ions were presented, with or without
hydroxide ions, the solution would always be orange suggested that these metal ions
should interact with nitrogen atoms of azo bonds. Also D3N, assisted by addition of 2
equivalents of hydroxide ion, could provide naked-eye detection for transition and
heavy metal ions due to the high contrast color change from dark purple to orange.

A calibration curve plotted from the absorption intensity of 20 uM D3N in DMSO at

574 nm allowed a determination of trace quantity of CN in a linear range of 2 — 10
UM with impressive R” of 0.9956. In the case of transition and heavy metal ions, the
construction of calibration curves was constructed under a basic condition yielding
excellent correlation coefficient. Unfortunately, the other nitro derivative D4N
displayed no color change toward any metal ions, very likely because of the high
flexibility of this ligand. Lastly, the expected allosteric effect from these
pseudocrown ether derivatives was unfortunately not observed probably because
alkali metal ions could not interact with the pseudocrown ether unit well enough to

induce the ligand’s conformation to suitably bind with transition or heavy metal ions.
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4.2 Future works

Future studies for this research will include proving of the ligand’s position at
which the interaction with guest ions occurs, refining the stability constants of the

complexes, and purifying the synthesized I3N.
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