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Abstract

Herein, the optical metal ion sensing propertiesiohomersl1 andM2) containing imidazole
group as molecular recognition units and conjuggtetymer 1) carrying thiophine and
thiazole in their backbone were studied. Absorptionl fluorescence emission spectra of the
materials considered were not significantly changedifferent solvents. Sensing ability of the
monomers and the polymer solutions to metal ions warried out using fluorescence
spectrometer. Both monomers were highly selectia sensitive optical chemosensor only to
Fe* ion in THF, chloroform, and dioxane. The sensimingiple was based on fluorescence
quenching by forming complex between®*Fand imidazole group in the monomers backbone.
The limit of detection values (LOD) foM1 and M2 in THF were 1.386x1® mol/L and
3.902x1¢° mol/L, respectively. Moreover, LOD values fofl andM2 in chloroform obtained
were 1.315x10 mol/L and 3.707x18 mol/L, respectively. The sensitivity of the monomer
towards F& ion was compared by calculating Stern-Volumer tams(Ksv). The Ksv values
found for M1 andM2 in THF were 6.474x10M™ and 1.495x1®M™, respectively, and in
chloroform the Ksv values obtained fdtl and M2 were 3.928x16 M™* and 5.535x1HM™,
respectively. Results obtained showed that mondvifewas more sensitive thavil towards
Fe* in all solvents considered. The fluorescence saeat conjugated polymeP1 in THF,

toluene, chloroform, and dioxane was insensitivaltoetal ions considered.

Key words optical chemicalsensor; molecular recognition; fluorescence quemghBtern-

Volumer constant.



1. Introduction

1.1. General aspect

Metal ions are great concern not only among chebustalso among the general population,
who are affected with some of the disadvantagescaged with them. Although some heavy
metal ions play important roles in living systertisey are very toxic and hence capable of
causing serious environmental and health problé&msexample, ferric is essential ion to most
organisms, and both its deficiency and overload oafuce various disorders with iron
trafficking, storage, and balance. The excess af,iihowever, can induce various disorders
including some neurodegenerative diseases suclzheifer’s and Parkinson’s disease which
are related to iron accumulation in brain. In additto biological importance developing
methods to monitor ferric ions also require on emvinental aspects since iron is typical metals
responsible for corrosion. It is also well knowratttmercury, lead and cadmium are toxic for
organisms, and early detection in the environmsrapular [1, 2, and 3]. As a result in this
technologicakra, thinking to develop cheaper and faster metfawd$etermination of metal ions

leads to the concept of optical chemical sensors.

Electronically conducting monomeric compounds arganic molecules of relatively low
molecular mass. They represent the major classuminbphores from the view point of
application and diversity of chemical structure @ndperties. A conducting polymer is a carbon-
based macromolecule through which the valernegectrons are delocalized. Before the idea of
conducting polymers, organic monomers have beed aseecognition unit to sense metal ions
for long period of time. Recently, the interestloemical scientist using conjugated polymers
(CP) as active site to develop chemical sensostuty metal ions have increased. This is due to
the conjugated structure of the conducting polynaees responsible for strong absorption and
emission in the Uv-Vis range and emission intgnsmission maximum, etc of the CP are

easily perturbed during titration with metal ions.




This work focuses to study the optical chemosengwoperties of electronically conducting
monomers and polymer towards different metal idisreover, we also investigated the effect
of different solvents on the fluorescence propsrtethe materials included in the study in the
presence of different metal ions.

In this work the monomers used for sensing of oaticontain heterocyclic imidazole derivatives
(Figure 1) whose optical properties are changedupteraction between imidazole and metal
ions. The optical and fluorescence sensing praggediP1 (Figure2) in presence different metal

ions was also investigated.

2 D
NI HNT N

s s s s
N/ N N\ / N/

M1 M2

M1: 2-(4, 7-di (thiophen-2-yl)-1H-benzo[d]imidazoly2} phenol and
M2: 2-(2-methoxyphenyl)-4, 7-di (thiophen-2-yl)-1H#Az®[d]imidazole

Figure 1. The structure and nomenclature of monomers usesehsing metal ion

PL poly (2-(9,9-dioctyl-9H-fluoren-7-yl)thiophen-2)y4-pentylthiazol-2- yl)-5-
(thiophen-2-yl)-4-pentylthiazole).

Figure 2. The structure and nomenclature of polyni&l) (used for sensing metal ions.




1.2. Objectivesof the study

A. General objective

The main objective of this work is to study theioglt properties of electronically conducting

monomers and polymer in presence of different metd.

B. Specific objectives

The specific objectives of the work include:
(1) Identifying the metal cation (s) which quench ohamce the emission intensity of
M1, M2 andP1
(i) Comparing the metal ion sensing abilityMt, M2 andP1 by calculating the Stern-
Volumer constant, and
(i) Investigating the effect of solvents on the feswence sensing properties i,

M2 andP1 towards different metal ions.



2. Literature Review

There is an enormous demand for chemical sensoreday areas and disciplines, especially in
the area of Chemical and Biological sciences. Highsitivity and ease of operation are two
main issues for sensor development. Fluorescenclnitpies can easily fulfill these

requirements and therefore fluorescent-based sereggpear as one of the most promising
candidates for chemical sensing of metal ionsHéjnce, in this chapter theoretical backgrounds
on chemical sensor and fluorescence emission phemorare explained. In addition, different
works conducted on sensing of metal ions usingugaipd polymers and small molecules are

also reviewed and illustrated with representatixangples.

2.1. Chemical sensors

Chemical sensorare measurement devices that convert a chemicphysical property of a
specific analyte into a measurable signal, whosgnihade is normally proportional to the
concentration of the analyte. Generally, chemi@isghg consists of two basic components
connected in series such as a chemical (molecukrdgnition system or receptors and

transducers [4, 5].

2.1.1. Recognition elements of chemical sensors

Recognition elements are the key components of cdagmical sensor. An ideal sensor is a
device that will only detect a desired target atmlthat is present within a given sample.
Unfortunately, most samples usually contain marheoianalytes that may interfere with the
sensor’s ability to detect the target analyte. Agsult it becomes necessary to design sensors
which are as specific as possible for an analytthabthe sensor will discriminate against any
interferents present. This is achieved using mddecrecognition, where the sensor contains
what is called a host molecule or chemoreceptor with selectively bind the target analyte

(which is quite often referred to as a guest).
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One of the key requirements for molecular recogniis the existence of pre-organized groups
within the host molecule that can selectively esel@r bind the guest ion (single atom) or
molecule. In designing host molecules to be usetlsansor: the host molecule should be stable
to the conditions in which it will be used, it mus# able to selectively bind the target analyte in
the sample, and it must be capable of being imnzaahilin a flm/membrane which is contacted

with the sample [5, 6].

2.1.2. Transduction elements of chemical sensors

Today signals are processed nearly exclusively bgana of electrical instrumentation.
Accordingly every sensor should include a trangdacfunction, i.e. the actual concentration
value, a non-electrical quantity must be transfarnmto an electrical quantity such as voltage,
current or resistance. In chemical sensors thdoige by transducers, which are a device that

convert an observed change (physical or chemictd)measurable signal [7].

Computer Calculation and display results.

1

Electronics and measurin

g Amplification, integration, derivation, etc

circuit
Transducer Potential different and current raise, etc
Receptors Temperature change and reaction heat etc.

(X sampre

Figure 3. Diagram shows elements of chemical sensors [ 6].



2.1.3. Types of chemical sensors

On thebasis of transduction principle, chemical sens@s be classified into three major
classes with different transducers. Sensors widtctetal transducer, sensors with optical
transducer, and sensors with other transducer, (eags change) [4]. However, chemical sensors

based on optical change and electrochemical resp@re common [8].

2.1.3.1. Optical sensors.

Optical sensor devices can be used for the deteetid determination of physical or chemical
parameters through the measurement of changesria eptical property. Most optical sensors
are based on a spectroscopic technique such asureeest of absorbance, reflectance or
fluorescence, where the signal obtained is rel&tetthe concentration of the analyte. The two
most popular methods are absorption and fluoregcdhboth modes of detection are available
for a particular compound, fluorescence would kefgrable because of better sensitivity due to

being measured against an almost zero backgrouyrd. [8

2.1.3.2. Electrochemical sensors

Electrochemical sensors are the largest and thesbigroup of chemical sensors. They are
divided by their mode of measurement into potendiim (measurement of voltage at zero
current), amperometric (measurement of currentaybhdtential is kept constant), conductimetric
(measurement of conductivity change), and voltamyr{@onitoring the change in current while
by varying the applied potential) [4, 5].



2.2. Phenomena of fluorescence emission

Molecules absorb UV and visible radiation by undéng electronic and vibrational excitation.
Some of the absorbed energy is given off as hethietgolvent and some is emitted as radiation.
In some unique chemical reactions radiation is teahitvhile a reaction is occurring. In general,
the emitted radiation in these processes is célieihescence. The ways of energy release are
divided into two categories; radiative and non-a#ige transitions according as energy are

released as light [9].
2.2.1. Radiative and non-radiative transitions betwen electronic states

Once a molecule is excited by absorption of a photbcan return to the ground state with
emission of fluorescence, but many other pathwaysdé - excitation are also possible. The
categories of molecules capable of undergoing releict transitions that ultimately result in

fluorescence are known as fluorescence probes [10].

Jablonski diagram

The processes that occur in excited states aftsorption of light is illustrated by Jablonski
diagram. This diagram is named after Professor @ider Jablonski, who is considered as the
father of fluorescence spectroscopy. A typical daski diagram is shown in Figure 4 below and
it used to explain various molecular processes tloaur in excited state. The singlet ground,
first and second electronic states are denoted dyySS S, respectively. At each of these
electronic energy levels the fluorophore can ekisa number of vibrational energy levels,
depicted by 0, 1, 2, etc. and the triplet statteisoted by 7[9,10].

Absorption is very fast (1.0x10s) processes and start from the 0 (lowest) vitmati energy
level of S because the majority of molecules are in thisllaveoom temperature. Absorption of

a photon can bring a molecule to one of the vibrati levels of § S, etc. Following light




absorption several radiative and non-radiative ggses occur for the excited molecules and

these processes are detailed below [9].

Internal conversion(IC) is a non-radiative tramsitibetween two electronic states of the same
spin multiplicity showed below by curved connectorFigure 4. A fluorophore is usually to
some higher vibrational level of eithef 8 S. With few exceptions molecules in condensed
phase rapidly relax to the lowest vibrational levadl S.This process is called internal
conversion(IC). From Snternal conversion toeSs possible but is less efficient than conversion

from S to S, because of the much larger energy gap betweandss [9, 11].

Radiative transition with emission of photons fr&mto & is called fluorescence. It is common
that apart from a few exceptions fluorescence eamssccurs from Selectronic state. The 0 to
0 transition is usually the same for absorption #imokrescence, and an interesting consequence
of this is emission spectrum is typically mirrorage of absorption spectrum of the _SS$;
transition [11, 12].

Vibrational relaxation

¥
82 A é
IC
A
S ISC
.4
\? T,
Absorption
Fluorescence
Phosphorescence
2 v v
A 4 A 4
1 A\ 4
S 0

Figure 4. Jablonski Energy Diagram [9].




Examination of the Jablonski diagram shows thatenergy of emission is typically less than
that of absorption because of the energy loskdrekcited state due to vibrational relaxation. So
the fluorescence spectrum is located at higher leagéhs (lower energy) than the absorption
spectrum. This phenomenon was first observed hy & Stokes in 1852. The gap (expressed
in wave numbers) between the maximum of the fitstogption band and the maximum of

fluorescence is called the Stokes shift [9].

Intersystem crossing (ISC) is a non-radiative fitaors between two isoenergetic vibrational
levels belonging to electronic states of differemtltiplicities. For example, an excited molecule
in the O vibrational level of the S1 state can mtwvéhe isoenergetic vibrational level of the T
triplet state; then vibrational relaxation bringsnto the lowest vibrational level of; TCrossing
between states of different multiplicity is in priple forbidden, but spin—orbit coupling (i.e.
coupling between the orbital magnetic moment ared gbin magnetic moment) can be large
enough to make it possible. It should also be ntitatithe presence of heavy atoms (i.e. whose
atomic number is large, for example Br, Pb) incesaspin—orbit coupling and thus favors

intersystem crossing [13].

Emission from T is termed phosphorescence, and is generally dhitielonger wavelength
(lower energy) relative to fluorescence) becauseetiergy of the lowest vibrational level of the
triplet state T is lower than that of the singlet statd ™, 12].

2.2.2. Fluorescence lifetimes and quantum yields

The fluorescence lifetime and fluorescence quantiehd are perhaps the most important
characteristics of a fluorophore. The life timetloé excited state is defined by the average time
the molecule spends in the excited state prioetarn to the ground state. Quantum yield is the

number of emitted photon relative to the numbeattaforbed photon [11].




2.2.2.1. Excited state lifetimes

If 7 is the lifetime of excited statg St is given by

1

_— 1
Krs+K?2 @

Tg =

Where ks is rate constant for radiative deactivatian.S & with emission of fluorescence and
kSnr is rate constant for non-radiative deactivatior, sum of rate constant for internal

conversion and rate constant for inter system orgs# the only way of de-excitation fromy S

to § was fluorescence emission, the lifetime would—Kég this is called the radiative life time

r

and denoted by, [9, 10].
2.2.2.2. Fluorescence quantum yields

The quantum efficiency¢ ) is an indication of the efficiency of the fluocesice process. A
quantum efficiency of approximately 0.9 indicatesighly efficient process whereag = 0
indicates that the molecule does not fluoresce.fllimeescence quantum yielg is the fraction
of excited molecules that return to the groundesgtwith emission of fluorescence photons is
given by:
S

% = s s =K @

Fluorescence quantum yield can be close to unitgdfradiationless decay rate>§ is much

smaller than the rate of radiative decay)(fo, 11].
2.2.3. Emission and Excitation spectra

For an ideal instrument, the directly recorded emis spectrum would represent the photon

emission rate or power emitted at each wavelemytdr, a wavelength interval determined by the

10



slits widths and dispersion of the emission monogtator. If excitation wavelengtiigx) is
held constant and the emission radiation is scarthedesulting recording is called the emission
spectrum. And an excitation spectrum is obtaineddanning excitation wavelengthek) and

by holding constant the emission waveleng#ng) [11].
2.3. Principles of fluorescence quenching

Fluorescence intensity can decrease by varietyrofgsses. Such decreases in intensity are
called fluorescence quenching. A variety of molacuhteraction result quenching includes
excited state reactions, molecular-rearrangemengrgg transfer, ground state complex
formation and collision quenching. The Stern-Volmeliationship, named after Otto Stern and
Max Volmer, allows us to explore the kinetics oplaotophysical intermolecular deactivation

process. The kinetics of fluorescence processvisllihe Stern-Volmer relationship, that is:
lo
T =1+Ks\|Q] 3

Where lo is the intensity, or rate of fluorescence, withaufuencher, is the intensity, or rate of
fluorescence, with a quenchefsv is stern-volumer constant and [Q] is concerdratof
guencher. The constaksv determines the efficiency of quenching. Wherodier variables are
held constant, the higher tKsv, the lower the concentration of quencher requioequench the
emission intensity. The value #fsv is easily determined from the slope of the phdeénsity
change versus concentration of quencher. The deperadof the relative quantum yield of
fluorescence has been calculated by the followmggon [13, 14]:

£ :;
4 1rK[Q] @
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2.3.1. Types of fluorescence quenching

2.3.1.1. Dynamic (collisional) quenching

Dynamic quenching resulting from collisional enctar between the fluorophore and the
guencher. In the case of collisional quenching,qixencher must diffuse the fluorophore during
life time of the excited state and collisional gcieing is time dependent processes. Upon contact

the fluorophore return to the ground state, withemtssion of photon [9, 12].

2.3.1.2. Static quenching

Static quenching occurs as a result of formationnoffluorescence ground state complex
between the fluorophore and the quencher. Let nsider the formation of a non-fluorescent 1:1

complex according to the equilibrium:
M+Q & MQ

The excited-state lifetime of the uncomplexed fapivore M is unaffected, in contrast to
dynamic quenching. The fluorescence intensity efgblution decreases upon addition of Q, but

the fluorescence decay after pulse excitation &fanted.

The measurement of fluorescence life time is onthefimportant methods to distinguish static
and dynamic quenching. There is no change in eksitate lifetime for static quenching,
whereas in the case of dynamic quencliii@gtime has been changed. One additional metbod
distinguish static and dynamic quenching is carekamination of the absorption spectra of the
fluorophore. Collisional quenching only affects #wited state of the fluorophore, and thus no
changes in absorption spectra are expected. Imastnground state complex formation will

frequently results in perturbation of absorptiorcpum of the fluorophore [9,13].
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2.3.2. Mechanism of analytical detection during flarescence quenching

Photoinduced electro transfer and electron energgster (EET) are the major types of

mechanisms in fluorescence quenching.
2.3.2.1. Photoinduced electro transfer (PET)

In photoinduced electron transfer complex is formextween the electron donor gDand
electron acceptor (# yielding, D> Ap (Figure 5). The subscript p indicates quenchingdpis to
PET mechanism. This charge transfer complex camrréd the ground state without emission of

photon. Finally, the extra electron on the accejstoeturn to the electron donor [9].

/—\ (DA p)*

LUMO

HoMo B0 A — —%r =Y
Figure 5. Molecular orbital schematic for PET [9].
2.3.2.2. Electron energy transfer (EET)
Electron energy transfer is another mechanism Her fluorescence quenching upon binding
cations. EET or Dexter interaction occurs betweemod D= and accepter A where E indicates

electron exchange. The excited donor has an eteatrtUMO orbital. This electron is transfer

to the acceptor. The acceptor transfers an eleetgam from its HOMO level, so the acceptor is

13



left in an excited state. The Dexter energy transgquires close contact between the

fluorophore and the cation and also direct orlatadrlap [9, 41].

/__\_ o

LUMO

Electron exchange
_—

o O

*
DE AE

Figure 6.Schematic for stepwise electron exchange [addptedref. 9].

2.4. Fluorescence chemosensor using monomers anddauacting polymers

There is a big need of selective and sensitiveassrier the detection of heavy metal ions in
chemical and biological sciences. Optical chemam=hsors are now become very important
research topic and many efforts has been devotdéaetdesign and synthesis of chemosensory
systems that have the ability to detect metal emd respond in terms of optical signals in real
time. Among the systems reported to sense met@nsatising crown ethers or their analogues
are very common. Recently, much interest focusedomjugated polymers containing molecular

recognition sites [15-27].

2.4.1. Fluorescent molecular sensors for metal ion

Chemosensors based on fluorescence signal changesommonly referred as fluorescence
chemosensors. The readout of fluorescent chemasessosually measured as change in
fluorescent intensity, intensity decay life andftsbf emission wavelength. An important feature
of fluorescence chemosensor is that signal trartiggiucf analytes binding event into the readout

can happen in very short time and without any o#tssistance [15].
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Fluorescence chemosensors for cations consistsvafparts: ionophores and fluorophores.
lonophores are responsible for selective recognitid cations and fluorophore immediately
converts the recognition event into optical signgimeans of different photophysical processes.
The choice of recognition moiety is of the utmasiportance since it is responsible for the
selectivity and the binding efficiency. The fluohmpe acts as a signaling moiety since it
converts the recognition event into an optical aigma the perturbation of various photoinduced
processes such as electron transfer, charge trapgt@mer formation or energy transfer upon

cation complexatiof20].

2.4.1.1. Working principles of chemical sensors.

The general working principle of chemosensors isetdaon coordination events. The
coordination of aromatic ligands by metal ionsnsagid base reaction, in which the metal act as
a Lewis acid (electron pair acceptor) and the kiacting as the Lewis base (electron pair
donor). As a result of this reaction there may bange of fluorescence spectra of the ligand
when it interacts with cations [20]. Successfulestve receptor-analyte complex formation
depends on size, shape and binding energy of tbept@ and analyte molecules. In ion
recognition complex selectivity (i.e. the preferredmplexation of certain cation when other
cation present) is of major important. In this negthe characteristics the ionophore that is the
ligand topology and the number and the nature ofpdexing heteroatom or group should mach
the characteristics of the cation that is radibgrge, coordination number. The stability of metal
complex formed increase with metal ion charge/ra@iiio. Another principle generally
applicable in chemistry predicts that hard oxygenter combine with hard alkaline metal ions
and soft sulfur or nitrogen center combine witht $@nsition metals. In addition, medium effect
plays a great role on both selectivity and stabgditof complexation with cations. The main
factors are: the difference between ligand cootdinaenergy and solvation energy, that is,
solvation power of the ligand as compared to tdhe solvent and the difference of interaction

with the ligand shell and dielectric medium outdilde first solvation shell [15, 41].
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2.4.1.2. Fluorescence molecular sensor of metal ®hased on small molecules.

Small molecules as fluorescence sensors have esbnstudied in the past several decades.
The most commonly used fluorophores are aromatigponnds, especially anthrarcene. Crown
compounds are known as one of the most interesing promising components of
photosensitive system. The discovery of crown stlaed cryptand in the late 1960s opened up
new possibilities for cation recognition with imprEment of selectivity, especially for alkali
metal ions for which there is a lack of selectihelators [11, 15]Many literatures are reported

for detection of cations based on small opticalenoles and some are detailed below.

Arai et al. have studied Ndluorescence sensor based on podand- type reaeptaecting two

pyrene units and diphenyl ether, Figure 7. Threeonwers, i.e. two monomers having two
pyrene units as fluorophore (compouh@nd compoun@) and one monomer having only one
pyrene unit (compoun@) in chloroform were used to investigate the bigdability of these

compounds towards alkali metals {LNa’, K*, Rb’, and C3) [28]. The fluorescence spectra
study of chloroform solutions of these compounds dxgitation at 360 nm showed that
compound having one pyrene unit have only the manoemission at 423 nm. On the other
hand, both compounds having two pyrene groups sthdwwe emission bands at 423 nm and 524
nm. The emissions at 524 nm of compouddand 2 are excimer emissions based on the

intramolecular interaction between the two pyrenisu

To observe the metal ion binding properties of pgmes 1, 2, and3 the authors investigated the
fluorescence changes upon addition of metal ionhéomonomers solution. The fluorescence
changes in compoundsand3 were only slightly observed with addition of th&all metal ions.
On the other hand, fluorescence intensities of @am@d 2 having two pyrene units were
changed by the addition of Nand K. Especially, Nadisplayed a significant enhancement of
the pyrene monomer emission of compo@nd heir study of fluorescence intensity change of
compound2 with various concentration of Nahowed that excimer emission at 524 nnf of

gradually decreases and the intensity of the monanassion at 423 nm d@ dramatically
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increased with increasing Neoncentrations ranging frompM to 200uM. However, there was
no spectral intensity change for compouhdavhich have two pyrene units and compouhd
which have one pyrene unit. Finally, the researaduerclude that compoun? is an effective

fluorescence sensor for Nand this binding ability of compour®l is due to the presence of

oxygen atom at the diphenylether component in camga [28].

SORN g O‘O‘ o
SO S

a b

Figure 7. Molecular structures of pyrene compounds usesktse N&; (a) Compoundl when
X=CH, and Compoun@ when X=0 andk) compound3.

A group of Wang, X. in 2009 reported a phenol-basethpartmental ligand as a potential
chemosensor for zinc (ll) cation. Lewis base, bi6{2-hydroxybenzyl-2-hydroxyethylamino)
methyl-4-methylphenoll(), was used for Z7 ion as fluorescence chemosensor compound. The
fluorescence of is remarkably enhanced by Zras compared with K C&*, Mg**, C#*, PF",
Mn?*, Fe*, F&*, Cd*, Cdf*, and NF* ions. The fluorescence enhancement is attribuiettia
complexation of Zfi with L, which interrupts the photoinduced electron trangfrocess and
rigidifies the molecular skeleton bf[29].

Results showed that alkali metal catiof &d the alkaline earth metal cations’Cand Md*
hardly interfere with the fluorescence lofat high concentration (5 mmol*). due to their poor
complexation withL. However, the metal cations PpMn**, Co**, Ni**, and especially C,
Fe’*, and F&" reduce the fluorescence bf at relatively low concentration (0.5 mmol*),
probably due to an electron or energy transfer eetwmetal cation arid. However, C8" that
has the same’d electronic configuration as Zh does not enhance the fluorescence. of
Finally, from these observations they conclude thatay selectively signal the presence of‘Zn
in methanol-water solution [29].
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C(;E\OHOH > HO

Figure 8. Structure of monomer used to sense metal cations.

Kawakami, T et al. have investigated “Cion-selective fluoroionophore with dual off/on
switches. New malonamide fluoroionophore possedswgpyrene moieties (derivatidieand3)
and one pyrene moieties (derivat®ewere used as fluorescence unit. Fluorescenceriengrg
result showed that bispyrenesnd3 displayed both excimer and monomer emissions ain®
and 395 nm when excited at 344 nm insCN/CHCk (9:1, v/v), respectively. Monopyrerie

exhibited only typical monomer emission at 395 13| [

Fluorescence spectra experiment showed that addifid equiv (1 x 18 M) of Ni**, Cl/f*,
Zn**, and Ad marginally affected the emissions bf Interestingly, the results showed that
monomer intensity was increase and excimer emigsiensity was decrease by the addition of
10 equiv (1 x 10 M) of Cl?*. They also found that the monomer and excimer sionis
intensities of derivative3 were changed upon addition of 1 equiv (1 X°>1d) of Cu*
selectively. Unlike bispyrene compounds, monopyr2ishowed nonselective response to most
of metal perchlorates. Finally, the researcher kmiecthat bispyren8 showed an excellent ion
sensing ability to Cii and bispyrend displays the CU selective fluoroionophore with dual
on/off switches by both monomer and excimer emissi&uch difference between bispyrehes
and 3 might result from the steric hindrance of thé sarbon of malonamides affecting the

intramolecular hydrogen bonds between both amidepy [30].

o LK)
cho N OO 2N OOOO
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Figure 9 . Structure of pyrene compounds i.e. compoilincompound®, and compoung.

Gao et al. in 2010 developed RhodamiRé@3) based fluorescence chemosensor, which displays
high selectivity for F& and shows wide detection range at different cotmagions. Their results
confirmed that the metal frelRh3 was not showed any significant fluorescence emisgio
ethanol when the compound was excited at 525mahicating that it exists as a non- fluorescent
spirocyclic form in ethanol. Similarly addition afl tested metal ions (AgCd*, CU*, Hd",
Mn?*, Na', Ni**, PE*, and Z") cannot lead significant emission change excepE&’. Upon
addition of F&" (10 equiv),Rh3 displays strong fluorescence emission at 577 nr&-{aa).

Rh3 also exhibits negligible small fluorescence respotts PB* (13-fold). The fluorescence
response oRh3to F€* ion is further studied by varying the concentnatid F€* ion from 0 to
160equiv. The fluorescence intensity is increase@@fold at 1.0 equiv and close to saturation
at 160 equiv (800-fold). From this spectroscopitadd&ie authors concluded that Rhodamine-
based chemosensBh3 shows high sensitivity and great selectivity toav&e " ion over other
metal ions [1].

I
i

Figure 10.Chemical structure dkh3
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2.4.1.3. Fluorescence molecular sensor of metal ®uasing conjugated polymers

In 2001, Lee and coworkers have investigated pahalime ether and its optical properties in
the presence of metal ions. The Polymer and thealnsslutions used for fluorescence
measurement were preparedNnN-dimethylformamide/tetrahydrofuran (DMF/THF) (1:1vy
and water, respectively. Maximum fluorescence efgghlymer solution was observed at 402 nm
when the solution was excited at 356 nm. Amongntkéals under study, addition of Fewhich
is an electron-deficient metal cation, had a sigaift effect on the fluorescence intensity

showing efficient quenching.

The degree of fluorescence quenching was cleaggmiting on the concentration ofFadded.
This research group pointed out that strong fluzeese quenching in the presence of' Fad
relatively little quenching in the case of Twr UG, " may have resulted from an electron-
transfer quenching effect by the more-oxidizingiteron center, which can be applicable to a
photoinduced on—off switch. The Stern-Volumer canswalues for F&, C/** and UQ #* ions
were 7.17 x 10M?, 3.25 x 1M, and 3.07 x 1D M?, respectively. Finally, from Stern-
Volumer constant values they concluded that ferdon shows 20 times more efficient
fluorescence quenching than®and UQ ?*[32].

o =
PP
N n

Figure 11.Chemical structure of polyquinoline ether usedsiemsing of ferric cation.

Wang et al. have been synthesized water solublsptiade functionalized polyfluorene, i.e. poly
(9,9-bis (3’-phosphatepropyl) fluorene-alt-1,4-pylene) sodium saltRFPNa to be used as
selective chemosensor for ferric cation. To ingzde the photophysical properties absorption
and fluorescence spectral of 1.0%10M PFPNa and model monomer 9, 9-bis (3™

phosphatepropyl)-2, 7-diphenylfluorene sodium gaRNa) was measured in deionized water
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Results revealed that absorption and fluorescerzéma were red shifted from 326 nm and 374
nm of model compoun&PNa to 364 nm and 410 nm of polymBFPNa, respectively due to
increased conjugation of polymer backbone?!, Ki*, Mg?*, C&*, SF*, Cdf*, Mn**, F&*, Cl#*,
Co®*, Ni#*, zn** Ag', H", PF*, F€*, and AP* cations were used to investigate the sensing
properties of polymePFPNa Results obtained showed that the fluorescencetrsipe of
PFPNa was much more sensitive to*F@ver other cations. The Stern-Volumer constant was

calculated at low concentration of ferric cationl @he result was 1.84x3a™ [32].

o2 o< O X<,

Ox

OQP_ONa 1o SR NaO\ﬁ,go
Nao NaG ONa Na© ONa oNa
FPNA PFPNa

Figure 12. Molecular structure dFPNA andPFPNa

Zhou, X.-H. et al. have been developed an imidafgletionalized polyfluorene derivatives as a
chemosensory materials. They used/Nb poly [(9,9-dihexylfluorene-2,7-diylglt-co-(9,9-
bis[6’-(1-imidazole-yl)hexyl]fluorine-2,7-diyl)] ath its model compound ( Figure 13) both
diluted in THF to study sensing properties towandstal ions using Uv-vis absorption and
photoluminescence spectra. Results obtained shbatstihe polymer had no response upon
addition of alkali and alkali earth metal ions (&p 100ppm) for both absorption and
fluorescence spectra due to poor coordinationtylaif the imidazole receptor with these metal
ions. But among transition metals considered onl§*@vas completely quench the emission
intensity of the polymer. The sensing propertythed polymer and the model monomer was
compared using Cii cation. They showed that the fluorescence intgrsfitthe polymer was
quenched more strongly in the presence of Gan the model compound. Calculated value of
Stern-Volumer constant for the polymer and the modmpound were 1.2xI0M™ and 1.1x16

M™, respectively [33].
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Figure 13. Molecular structure of imidazole-functionalizedyftuorene derivativesa) polymer;

b) model compound.
2.4.1.4. Solvent effects on fluorescence molecutdremical sensar

Shifts in absorption and emission bands can beced by a change in solvent nature or
composition; these shifts, called solvatochromidtshin general, fluorophores with a large
change in their permanent dipole moment upon exmitaexhibit a strong solvatochromism. If

the solute dipole moment increases during the releict transition (x4, <u,) a positive

solvatochromism normally results. In the case dearease of the solute dipole moment upon

excitation( u, > 4, a negative solvatochromism is usually observed3y3}-

In 2010, Geo, y. et al. studied the effect of silain and solvent on the fluorescence spectra of
highly fluorescence conjugated oligomer, Oligo (&thoxy pyrene (OMOPT). The backbones of
OMOPr contains alkoxy substitute and they explaitieak this substitute increase electron
density of the material considered and unique appooperties were observed. In addition, they
studied the effect of solvent polarity on the Uws\and fluorescence spectra of OMOPr. Result
obtained confirms that the Uv-Vis spectra of théggaher were the same in all solvents
considered and this indicates that the conformatiothe OMOPr molecule is fixed due to high
rotational energy barrier. However, the emissioecsja of the material were solvent sensitive.
As example, they compare for hexane and acetonesiaangkion maximum obtained were 441

nm and 464 nm, respectively [35].
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The work conducted by Lee J.K. and Lee T.S. ingestid the optical properties of
polybenzoxazole derivative with an adjacent hydpheanyl ring by adding various cations using
different solvents. The metals under study weré'Myg*, C&*, Uo,**, and F&" in DMF and
methanol solvents for polymers dissolve in DMF amtbroform, respectively. The effects of
metal cations on the emission intensity of the pmy in DMF and chloroform were
investigated. Of the metal cations, magnesium pdéd to large fluorescence enhancement, and
ferric cation led to remarkable fluorescence quenglin DMF. For other metal cations, blue
shifts of the emission were found with fluoresceqoenching. Finally, they conclude that the
polymer considered could be regarded as a proberigatvith a selective sensing ability
towards DMF. On the other hand, the emission gfiithe polymerwas not affected by metal
cations in chloroform, but significant fluorescereenching was also induced upon exposure to
ferric cation without large emission shift [38].

Wang et al. used polyfluorenes with phosphate giauthe side chains as chemosensory and
electroluminescence materials. According to redolisd the absorption and emission spectra of
the materials used®F1 andPF2) are solvent dependent and showed red shift ugltom and

16 nm, respectively, with increasing solvent pdyari he metal ions sensing propertiesPél
and PF2 were studied in different solvents (&F,, THF, and ethanol). According to results
obtained the polymers are sensitive and selectieenosensor for B&in all solvents among the
metals considered. Their study showed that the stomsntensity ofPF1 and PF2 in CHyCl,
solution was decreased significantly, that is 24ld-and 130-fold, respectively, upon addition of
Fe* ion [39]. This quenching effect was due to thenfation of certain complex between
phosphate group in the polymers backbone aridiBe. Similarly the fluorescence intensity of

PF1in THF was almost quenched after addition of 400 Fe** ion. However, when excess of
Fe* (100uM ) was added into the ethanol solution of polyr&tl andPF2, the fluorescence
intensity ofPF1 andPF2 only drop 18-fold and 14-fold, respectively.
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Table 1.Comparisorof sensing ability of poly fluoren derivates fa*Fion.

PF1 PF2
In CH,Cl, In ethanc In CH,Cl, | In ethanc
Ksv (M) 4.05x1¢ | 3.55x1C 2.04x1¢ 2.71x16

The difference sensitivity oPF1 and PF2 is probably due to the difference length of alkyl
chains, which results difference distance betweet Pphosphate group quencher and polymer
backbone. The decreasing quenching effectPBl and PF2 in ethanol solvent is due to
hydrogen bonding interactions between the ethamnmkecnles and phosphate groups, which
weaken the interaction between the receptor andribbte [39].

Model compound B PF2

Figure 14. Structure of polyfluorenes with phosphate grong mmodel compounds.

In 2007, the research group of Okamato, H. have Isaadied the effect of solvent and metal

cations on fluorescence spectra of modifiegphthalimided and2 (Figure 15).
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According to fluorescence spectra experiment thisgon spectra of naphthalimidégproduce

violet fluorescence 4; 388 nm) in MeCN and methanol. However, in DMSO amange
emission @, 575nm) was observed. Naphthalim@displayed a blue fluorescence in MeCN (
A, 418 nm) and a yellow emission in DMS@,( 542 nm). The red-shifted emission observed

for both in DMSO, which is stronger electron-paondr (Lewis base), is thus attributed to the
enhanced ICT (intramolecular charge transfer) ataralue to the formation of the amide-anion

species. The fluorescence of the naphthalirBideMeOH showed two emission bands, (436

and 556 nm). It is probable that, in MeOH, both #mide 2 and its anion2 - coexist in
equilibrium, and due to these two species, the fluatescence was observed.

The metal cation sensing ability of naphthalimilend naphthalimide in acetonitrile and
DMSO was also studied [38]. According to resulttaoted the naphthalimides were insensitive
to metal cations in acetonitrile, while in DMSO thmide- anion bands were affected in presence
of metal cations. The results obtained showed fibrahaphthalimidel, among the examined
metal cations, the transition-metal cations effedyi quenched the emission band: ten
equivalents of CUl almost completely quenched the fluorescence. Alkaand alkaline-earth
metal cations displayed slight to moderate quernghdffects on the emission spectra lof
Naphthalimide2 also responded to metal cations in DMSO. Concertiiegemission spectra,
CU?* reduced the fluorescence intensity up to 45%. N&', Mg** and B&" did not display any
remarkable effects on the emission spectra of matihtide2 [40].
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Figure 15. &) Structures of naphthalimidés (b) Structure of naphthalimidés
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3. Experimental Part

3.1. Chemicals

The monomersM1 andM2) and the conjugated polymePX) used for optical and metal ion
sensing studyvere synthesized and characterized by other rdssarof chemistry department,
Addis Ababa University (Ato Birhanu Wondimu and féssor Wondimagegn Mammo with his
PhD student , respectively). The metal cations uselde study were in the form of nitrate salts,
i.e., NaNQ (Riedel- de Haen, Germany), KN(Riedel - de Haen, Germanylg(NOs),.6H,O
(Riedel- de Haen, Germany), Ca(jy9.4H,O (Riedel- de Haen, Germany), Al(N@H.O
(BDH Chemicals LTD, England), Cr(N®.9H,O (FIZMERK laboratory reagent),
Fe(NG)3.9H,0O (Riedel - de Haen, Germany), Co(j£6H,O (FIZMERK laboratory reagent),
Ni(NO3),.6H,O (Fluka, Switzerland), Cu(N§p.3H,O (Fluka, Switzerland), Cd(N$».4H,O
(Fluka, Switzerland), Zn(N¢),.6H,O (research — lab fine Chem industry, India)
Cu(NGs)2.3H,0 (Nice chemicals Pvt.Ltd.), AgCl.2B (Aldrich) and HgCl (Riedel- de Haen,
Germany). The solvents used were chloroform (PHARMYS LTD), methanol (SIGMA-
ALDRICH), tetrahydrofuran (Lancaster synthesis)uéme (BDH Chemicals LTD, England),
and dioxine (Scharlau). All chemicals were usedreazived from the store without further

purification.

3.2. Solution preparation

The nitrate and chloride salts of the metal wessalved in methanol solvent to prepare their
corresponding 1.0xID mol/L stock solutions. For ferric cation which shenv proper
fluorescence quenching different concentration8x(B0°, 6.0x10% 1.0x10°, 8.0x10%, 2.0x10%
6.0x10°, 1.0x10°, 8.0x10°, 1.0x10° mol/L in methanol) were prepared from the stodkitson.
0.005 gm ofM1 andM2 were dissolved in chloroform, THF, and dioxanetiord the stock
solutions with concentration of 6.626x1énol/L M1 and 6.32x1d mol/L M2. With similar
solventsthese stock solutions were diluted to 6.626Xhbl/L M1 and 6.32x18 mol/L M2.
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Similarly 0.0025 gm of1 was dissolved in chloroform, Toluene, THF, andxdiee to afford
the stock solution with concentration of 5.80%100ol/L P1. Then this stock solution was diluted
to 2.3x10" P1mol/L in chloroform, Toluene, THF, and dioxane. Aomomer - metal mixtures
used for fluorescence optical measurements wepaprd by mixing 2 ml monomer solutions in
solvents considered with 0.4 ml metal salts in rmeth Similarly, metal - polymer mixture was

prepared by mixing 2 n®1in solvents under the study with 0.4 ml metalssadtmethanol.

3.3. Instrumentations and Optical measurements

The fluorescence emission spectra were record usiapin Ivon Fluoromax-4
Spectrofluorometer. The Absorption spectra were alstained using T60 UV-Vis spectrometer.
Fluorescence emission spectra of 2.0 Ml (6.626x10° mol/L) and 2.0 mIM2 (6.32x10°
mol/L) solutions in THF, chloroform, and dioxane r&ameasured by exciting at 348 nm for
chloroform and at 350 nm for THF and dioxane .Thession scan range for both monomers
were adjusted from 360 nm to 600 nm. Similarly,ission spectra of polymer 2.0 il
(2.3x10” mol/L) in chloroform, THF, toluene and dioxine weezorded by exciting at 461 nm
with emission scan from 470 nm to 800 nm. To sttidy metal responsive properties i,
M2, andP1 the emission spectra were recorded for the metalemmer and metal - polymer

solutions with the same experimental conditionsatal free monomers and polymer.
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4. Results and Discussion

4.1. Optical properties of M1, M2, and P1 in diffeent solvents.

The UV-Vis and fluorescence spectraMi, M2, andP1 were recorded in different solvents in
order to study optical properties of monomers anfyrper. The monomers and conjugated
polymer used in this study were not easily solublanore polar organic solvents (DMSO,
methanol and DMF). AlthougR1 was soluble in less polar toluemM¢] andM2 cannot dissolve

in it. Of the tested solvents, only THF, chloroforamd dioxane were the common solvents.

4.1.1. Uv-Vis absorption spectra for M1, M2, and Pin different solvents

In order to determine the excitation wavelength emishvestigate effect of solvent on absorption
spectra of materials under study Uv-Vis spectrdaf M2, andP1 were studied. Figure 16 and
17 shows the UV-Vis spectra M1 andM2 in THF and dioxane, respectivell1 andM2 in
THF and dioxane exhibit single absorption peak 3@ 8m which may be due ter - 77
electronic transition of the monomers backbone.il&myg the absorption maximum dfll and
M2 in chloroform was observed at 348 nm, AppendixAs$. shown in Figure 18P1 in
chloroform, toluene, THF, and dioxane shows absamghaximum at 458 nm. Due to effective
conjugation length, the absorption peak of the p@yis more red shifted than the monomers
[39].
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Figure 16. Absorption spectra recorded gl (6.62x10°M) in (a. THF and b. dioxane).
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Figure 17. Absorption spectra recorded a2 (6.32x10°M) in (a. THF and b. dioxane).
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Figure 18. Absorption spectra recorded 8L (2.3x10°M) in (a. chloroform, b. toluene, ¢.THF,

and d. dioxane).

Similarities of the absorption spectra maximum M1 and M2, and identical absorption
maximum ofP1 in the solvents under study may be resemblan¢dheomonomer ground state
structures in all solvents included [35]. Thusulesshave shown that the absorption maxima of

materials included in the study were not affectgddivent polarity.
4.1.2. Fluorescence emission spectra for M1, M2, @1 in different solvents.

To check the emission properties of materials d®rsd (emission shape, emission intensity,
and maximum emission wavelength) herein the fllamese spectra were studied in different
solvents.The emission spectra were recorded by excitingémaples at its maximum absorption
wavelengthAs shown in Figure 1911 solution in THF and dioxane shows emission maxama

420 nm and 418 nm with small shoulder around 476raspectively.
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However, the fluorescence maximaMfL in chloroform is peaked at 433 nm and the small
shoulder observed in THF and dioxane around 47®&rnmes emission peak in the casklbf

in chloroform. Dualemission peaks df11 in chloroform may be due to impurity or excimer
formation i.e. intramolecular excimer emission hessaof strongr-n interaction between two

fluorophore moieties [30, 47].
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Figure 19. Fluorescence spectra recorded for monoMér (a — c; in THF, dioxane, and
chloroform. Concentration dfl1 was 6.62x18 M and excitation wavelength 350 nm for THF

and dioxane and 348 nm for chloroform.

As shown in Figure 2ay12 which has similar chemical structure whiL (only different in side

chain) in dioxane, THF, and chloroform shows emis maximum at 423 nm, 425 nm, and

434 nm, respectively.
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Figure 20. Fluorescence spectra recorded for monoMer (a — c; in THF, dioxane, and
chloroform. Concentration d¥12 was 6.32x18 M and excitation wavelength 350 nm for THF

and dioxane and 348 nm for chloroform.

Generally, the emission spectra ML and M2 in chloroform were red shifted comparing to
other solvents considered. This is possibly duelatively more polar chloroform (Appendix 6)
has strong interaction with the fluorophore of thenomers than THF and dioxane. This has the
effect of reducing the energy separation betweengtbund and excited states of monomers in
chloroform, which results in a red shift (to longeavelengths) of the fluorescence emission
[36].
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Figure 21. Fluorescence spectra recorded for polyRe(a — d; in toluene, chloroform, THF,
and dioxane). Concentration®f was 2.3x10M and excitation wavelength 458 nm.

The result in Figure 21 indicates that the emissimaximum ofP1 in chloroform, dioxane,
toluene, and THF were observed at 559 nm, 556 &%,n, and 554 nm, respectively. The
emission maximum oP1 in solvents under the study wast significantly changed but the
emission intensity was solvent depender®l in less polar toluene has relatively highest

emission intensity than other solvents under study.
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Table 2. Absorption (absor.) and emission dataNtr andM2.

Monomers THF solution Dioxane solution Chloroform solution
A max, A max, A max, A max, A max, A max,
absor. (hm) emission (nm) absor. (nm) emission (hm) absor. (hm) emission(nm)
M1 350 420 350 418 348 433, 476
M2 350 425 350 423 348 434

Table 3. Absorption and emission data for polynf.

P1
In chloroform In THF In toluent In dioxant
A max, absorption 45¢ 45¢ 45¢ 45¢
(nm)
A max, emission 55¢ 554 55E 55€
(nm)

4.2. Fluorescence ion sensing properties of M1 amR in different solvents.

In order to study metal ion sensing properties ohamers in different solvents the effect of
several metal ions on the fluorescence spectraepiiep ofM1 andM2 in THF, chloroform, and
dioxane were studied. This was performed by reogrdiuorescence emission spectra of the
materials considered upon addition of different ahabns dissolved in methanol. Results
obtained from optical studies confirm that the esiois spectra properties (maximum emission
wavelength and emission spectra shape) of monomefBHF and dioxane were similar.
However, the emission shape and maximum emissioelagth of monomers in chloroform,
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especially forM1 in chloroform wadifferent. Thus, metal ion sensing properties ohomers

in chloroform was studied separately from THF aikane solutions.

4.2.1. Metal ion sensing properties of M1 and M2 iTHF and dioxane

The emission spectra i1 (6.62x10° M) and M2 (6.32X10° M) in THF after addition of
different metal cations are shown in Figure 22 2Bdrespectively. Upon addition of 1.0X4MI
each of metal ions in methanol (N&*, C&*, Mg?*, AI¥*, CF*, Cd*, Ni**, c#*, cd*, zn?*,
Hg?* , and Ad), no significant change on the fluorescence speofr M1 and M2 were
observed. However, the emission intensity of monsrdecreased significantly after addition of

1.0x10°M Fe’** ion in methanol.
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Figure 22. Fluorescence spectra recorded Nttt (6.62x10° M) in THF upon exposureto 1.0 X

10 M different metal ions in methan@. metal freeM1, b. all metals considered exceptfe
and c. F&"). Excitation wavelength 350 nm.
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Figure 23. Fluorescence spectra recorded Nt (6.32x10° M) in THF uponexposureto 1.0 x

10 M different metal ions in methan@&. metal freeM2, b. all metals considered excepffe

and c. F&). Excitation wavelength 350 nm.

Similarly, the effects of metal ions on the emission spedttdbandM2 in dioxane are shown
in Appendix 2 and Appendix 3, respectively. LikeTHIF it is noticeable that the fluorescence
intensity, shape and emission maximum of the momsnre dioxane had not significantly
changed upon addition of metal ions under the sexagpt for F& ion.
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4.2.2. Metal ion sensing properties of M1 and M2 ighloroform

The effect of several metal ions on the fluoreseespectra oM1 andM2 in chloroform are
shown in Figure 24 and 25, respectively. Like moamrin THF and dioxane the fluorescence
spectra properties df11 and M2 were not changed significantly upon addition of tame
concentration of metal ions considered in studyweler, emission intensity of monomers

decreased significantly after addition of 1.0x4 Fe** in methanol.
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Figure 24. Fluorescence spectra recordedNtir (6.62x10° M) in chloroformuponexposureto

1.0 x 10 M different metal ions in methan4. metal freeM1, b. all metals considered except

Fe*, and c. F&). Excitation wavelength 348 nm.
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Figure 25. Fluorescence spectra recordedNt® (6.32x10° M) in chloroformuponexposureto
1.0 x 10 M different metal ions in methanol (a. metal fid, b. all metals considered except

Fe*, and c. F&). Excitation wavelength 348 nm.

Change in emission intensity of monom&td andM2 in solvents considered after addition of
Fe*ion is due to the formation of stable complex bemvéhe electron deficient trivalent ferric

cation and the lone pair electron of nitrogen indezole group of monomers. The binding
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capacity of the ligands (monomers) to the metas$ isrdependent on the cavity size of the ligand
and the diameter of the cations. The diameter 8f ib@ is 1.34A° which may fit with the size

of the ionophores of the monomers and forms stadmeplex with it [41].

As it is revealed from optical and metal ion sagsproperty studies above the response of
monomers in THF and dioxane were the same, butrafiolon solutions showed different
response. Moreover, the emission intensity of marsnin THF was higher than in dioxane.
Thus, only monomers in THF and chloroform were el to study fluorescence response

profiles, Stern - Volumer analysis and detectiomts.
4.2.3. Relative sensitivity and selectivity of mommoers towards metal ions

The possibility of sensing and selectivity of moresmmaterials towards variety of metal ions are

demonstrated based on the fluorescence respontie pfoM1 andM2. This was investigated
from the plot of relative emission intensitsiig() versus metal ions, where lo is emission intensity

of metal free monomers and | emission intensitgradiddition of metal ions. Figure 26 and 27
shows the fluorescence response profile grapidlobndM2 in THF, respectively. As shown
in the fluorescence response profile graphs bothamers showed identical selectivity towards

Fe®'ion.
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Figure 26. Fluorescence emission response profiles recomted ¥ (6.62x10° M) in THF upon

exposure to different metal ions (1.0 x°10) in methanol.
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Figure 27. Fluorescence emission response profiles recomted? (6.32x10° M) in THF upon

exposure to different metal ions (1.0 x°1d) in methanol.
Similarly, the fluorescence response profiles ohoroers in chloroform are exhibited in Figure

28 and 29. The results obtained confirm that botnemers showed selectivity to ferric ion

only.
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Figure 28 Fluorescence emission response profiles recdiatel1 in chloroform (6.62x10°
M) upon exposure to different metal ions (1.0 ¥ M) in methanol.
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Figure 29. Fluorescence emission response profiles recdiate2 in chloroform (6.32x10°

M) upon exposure to different metal ions (1.0 ¥ M) in methanol.
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Results obtained from the fluorescence profile asagonfirm that monomefd1 andM2 were
highly sensitive and selective chemosensor masef@l FE" ion. As shown in fluorescence
response profile graphs, with the same experimeatadlitions, monomek2 is more sensitive
to F€* ion thanM1. In addition, F& ion have been relatively more efficiently to queribe

fluorescence intensity of the monomers in THF timachloroform.

4.2.4. Stern-Volumer analysis for response of moncers in THF and chloroform to Fe*

ion.

The fluorescence emission intensity change of mmeM1 andM2 in THF upon addition of
different concentrations of ferric ion are exhidii@ Figure 30 and 31, respectively. The results
showed that the emission intensity was linearlyngea with increasing ferric ion concentration.
So for M1 and M2 in THF, the F& ion responsive property was based on decreasing of

fluorescence intensity (fluorescence quenching).

42



2400000 a
1800000
> k
1200000
g}
IS
600000
04
I T I T I T I T I T I
350 400 450 500 550 600

Wavelength(hm)

Figure 30. Fluorescence spectra recorded fot (6.62x10° M) in THF upon exposure to
different concentrations of ferric ion (a - k; ferion free M1, 1.0x10°, 8.0x1C°, 1.0x10",
6.0x10° 2.0x10% 8.0x10%, 1.0x10°, 4.0x10°, 6.0x10° and 8.0x1G M in methanol).

Excitation wavelength 350 nm.

Emission intensity quenching at various concergratiof ferric ion have been used to compare
the sensing ability o1 andM2 towards F& ion based on Stern - Volumer analysis. Stern -
Volmer equation l|2 =1+ Ks\{Q]), where lo intensity of the monomers without fercation, |

intensity of monomers after addition of various @amtration of ferric cation, Ksv is Stern -
Volumer constant and [Q] is concentration of thergther that is ferric ion used to compare the

sensitivity of the monomers quantitatively [9].
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According to Stern-Volumer equation, when all othariables are held constant, the higher the
Ksv, the lower the concentration of ferric requitedjuench the emission intensity. The value of

Ksv is easily determined from the slope of the pitensity change versus concentration of Fe

ion[9].
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Figure 31 Fluorescence spectra recorded 2 (6.32x10° M) in THF upon exposure to
different concentrations of ferric ion (a - k; ferion free M2, 1.0x10°, 8.0x10°, 1.0x10",
6.0x10°, 2.0x10% 8.0x10% 1.0x10° 4.0x10°, 6.0x10°, and 8.0x13 M in methanol).

Excitation wavelength 350 nm.

The Stern-Volumer plots for monomensTHF are shown in Figure 32 and 33, respectivEhe
values of Stern -Volumer constant (Ksv) ML andM2 in THF calculated from the slope of the

plots were 6.474x¥0M™ and 1.495x1dM™, correspondingly.
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Figure 32. Stern - Volmer plot for emission intensity quemghiof M1 in THF at various
concentrations of B&ion.
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Figure 33. Stern - Volmer plot for emission intensity quemhiof M2 in THF at various
concentrations of P&ion.
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Similarly, the fluorescence emission intensity apamf monomerd12 andM1 in chloroform

upon addition of different concentrations of ferfan are exhibited in Figure 34 and 35,
respectively. As in the case of THF solution, thassion intensity was quenched linearly with
increasing the concentration of ferric ion for batlbnomers. However, upon coordination with
ferric ion the lower emission peak formed at 433 femM1 in chloroform was disappeared.

Hence, forM1 in chloroform the longer emission peak at 476 nas wsed for Stern - Volumer

analysis.
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Figure 34. Fluorescence spectra recordedNtdr (6.62x10° M) in chloroform upon exposure to
different concentrations of ferric ion (a - k; ferion free M1, 1.0x10°, 8.0x10°, 1.0x10",
6.0x10°, 2.0x10% 8.0x10% 1.0x10° 4.0x10°, 6.0x10°, and 8.0x13 M in methanol).

Excitation wavelength 350 nm.
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Figure 35. Fluorescence spectra recordedNtst (6.32x10° M) in chloroform upon exposure to
different concentrations of ferric ion (a - k; ferion free M2, 1.0x10°, 8.0x1C°, 1.0x1C>,
6.0x10° 2.0x10% 8.0x10%, 1.0x10°, 4.0x10°, 6.0x10°, and 8.0x1G M in methanol).

Excitation wavelength 350 nm.

The Stern - Volumer plots fdvil andM2 in chloroform at all concentration of ¥eons are
shown in Figure 36 and 37, correspondingly. Theugadf Stern - Volumer constant (Ksv)
obtained from the slope of the plots for the intéicm between Fé ion and the monomers in

chloroform were 3.928xfM™ and 5.535x10M™, respectively.
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Figure 36. Stern - Volmer plot for emission intensity quemzhf M1 in chloroform at various

concentrations of E&ion.
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Figure 37. Stern - Volmer plot for emission intensity quemzhf M2 in chloroform at various

concentrations of Fé&ion.
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When the nature of the Stern - Volumer plots isngrad in all solvents under study it shows

linear dependence otll—o on F€" ion concentration, with corresponding regressioefficients

(R) value summarized in Table 4. Which indicates fiwmation of none fluorescence ground
state complex between the monomers and the quenhehefé’. The mechanism of quenching
and the type of quenching in this case of formatibstable complex between the ionophore and

the cation is photoinduced electron transfer (P& static quenching, respectively [9].

Table 4.Stern-Volumer constant values fdil andM?2.

M1 M2
In THF In chloroform In THF In chloroform
Ksv (M™) 6.474x10  3.928x16 1.49516 5.535xf0
Regression 0.979 0.996 0.969 0.993

Coefficient(R)

Large value of Ksv in Stern - Volumer analysis gades the efficiency of quenching. So
according to results found ferric cation was rgkli more effective to quench the intensity of
M2 than M1 in THF and chloroform. However, monomers dissolvedTHF were more
sensitive to ferric ion. High sensing ability 82 compared withM1 may be due to the
presence of electron donating methoxy group inrttemomer backbone which may increase

electron density on th2 backbone [35].

4.2.5. Detection limit for quantitative analysis offerric cation.

The point at which the analyte becomes feasiblenat of detection (LOD) for monomersil
andM2 were calculated based on statistical approacthisrapproach a series of blank (samples
that do not contain analyte) were tested and thennidank value and standard deviation were

calculated [48]. To calculate LOD first we measumeglicated fluorescence intensity (10
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measurements) for metal free monomers in methaslgest and from these values standard
deviation-n of the blank was calculated. The nuoavalue of limit of detection is calculated

using S_rid [48], where Sd is standard deviations of the blanl m is slope the calibration

curve. The calibration curves for monomers in TH& shown in Figure 38 and 39, respectively.
The slopes calculated f1 andM2 in THF were 2.550xItand 3.335x10, respectively.

1.0x10° 1
8.0x107 -
S
6.0x107 - 1/1=4.940x10"7 +2.550x10"4xC(M)
R=0.966
4.0x10”

T T T T T T T T T
0.0000 0.0005 0.0010 0.0015 0.0020
Concnetration of ferric(M)

Figure 38 Calibration curve for monomdfl in THF at various concentrations of ferric ion.
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Figure 39. Calibration curve for monomdf2 in THF at various concentrations of ferric ion.

Finally, from the slope and the standard deviatdrthe blanks the limit of detection was
calculated mathematically and the LOD valuesMdrandM2 were 1.386x18M and 3.902x10

®M, correspondingly.
Similarly, the calibration curves for both monomers in chlorof upon addition of different

concentrations of ferric ion are shown in Figureat@ 41, respectively. The detection limits
obtained foM1 andM2 in chloroform were 1.315x1TM and 3.707x18 M, correspondingly.
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Figure 40. Calibration curve for monoméil in chloroform at various concentrations of ferric

ion.

1.5x10° 4

1.2x10° 4

= 9.0x107 4

—

6.0x10"" 1/1=3.817x10 '+ 1.256x10 *x C(M)

R=0.983
3.0x107" A
0.000  0.002  0.004  0.006  0.008

Concentration of ferric(M)

Figure 41 Calibration curve for monoméi2 in chloroform at various concentrations of ferric

ion.
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Calculated value of the limit of detection (LODY) fidll andM2 in THF and chloroform upon
addition of various concentrations of ferric iome aummarized in table 5. The results obtained

showed thaM2 has relatively better sensing ability for fermmithanM1.
Table 5. Limit of detection values favi1 andM2.

M1 M2
In THF In chloroform In THF In chloroform

Standard deviation ~ 1.180x10°  7.208x10'°  4.338x10% 1.553x10°
Slope 2.550x10" 1.643x10"  3.335x10° 1.256x10"
LOD (mol L") 1.386x10° 1.315x10° 3.902x1¢ 3.707x10°

4.3. Fluorescence cation sensing properties of Aidifferent solvents.

Solvents may cause change in the intensity, posditd shape of emission band of conducting
polymers [48]Herein, the ion sensing propertiesR¥f was investigated in different solvents.
Figure 42 presents the fluorescence spectf@lah toluene during addition of different metal
ions. Upon addition of each 1.0x4® metal ions in methanol ( NaK*, Mg?*, C&*, AlI*",
crt, Cd*, NiZ*, c*, zr**, Cdf*, Ag', and HG") no obvious changes of emission spectra were

observed. Whereas, relatively little fluoresceneerghing was observed in presence 6f Fe
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Figure 42. Fluorescence spectra recorded Rir (2.3 x10’ M) in toluene upon exposure to

different metal cations (1.0x¥0M) in methanol (a - o; metal fréel, Ag*, Co’*, Mg**, K*

Ni?*, Hg', CU#*, cd*, Na', c&*, zr**, cr**, AlI**, and F&"). Excitation wavelength 458 nm.

The fluorescence response profile of the polyREin toluene upon addition of different metal
cations are investigated, as shown in Figure 48104t all metal ions did not any effect on the
emission spectra ¢¥1in toluene , while F¥€ had little quenching effect on the fluoresce sgect
of PL This is due to there was no stable complex betvilee binding site of P1 and the metal

ions selected. SP1 dissolved in toluene could not be selective antsitege chemosensor for

metal ions included in the study.
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Figure 43 Fluorescence response profile B (2.3x10° M) in toluene upon addition of

different metal ions (1.0x1OM) in methanol.

To demonstrate the effect of solvents on the sgnalility of P1 the emission spectra in
chloroform, THF and dioxane upon addition of mébals was studied. As shown in Figure 44,
Appendix 4 and Appendix 5 metal ions considered hegligible effects on the fluorescence
spectra properties of the polynfet in chloroform, THF and dioxane, respectively.

55



800000 -

600000

2 400000
‘0
c
2
=

200000

04

T T T T T T T T T T T T
450 500 550 600 650 700 750

Wavelength (nm)

Figure 44. Fluorescence spectra recordedRdr(2.3 x10° M) in chloroform upon exposure to
1.0x10% M of different cations in methanol (a - o; metadiP1, K*, C&*, Na , zrf*, cd,
Mg, Co*, Ad, Ni**, Hg', Cf*, cu#*, AI**, and F&"

Results obtained confirm that conjugated polyriaérin solvents considered cannot form any
stable complex with the metal ions included inshedy and it would not be used as active site in
chemosensory systems to sense metal ions. Thasshy due to the metal size may not fit the
coordination ability of thiazole or thiophine ligain the backbone to form stable complex or the
long penthyl chains in the polymer backbone magatfthe interaction between the quenchers

(metal ions) and the recognition units in the patyid 7].
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5. Conclusions

Imidazole containing monomerdM{ and M2) and conjugated polymePl which contain
thiophenes and thiazoles in the polymer backbove lheen used for metal ion chemosensor
studies using fluorescence spectroscopy. The dppcaperties and metalloreactivity of
monomersM1 and M2 showed almost similar response in chloroform, TilRd dioxane.
Structurally rigid conjugated polyméP1)in chloroform, toluene, THF, and dioxane not showed
any significant change in its fluorescence emisgimperties upon addition of different metal

ions.

The fluorescence intensities changed linearly afingrto the concentration of ferric ion for both
monomersin solvents under the study, indicating that these armaaric materials would be an
effective sensing material for ferric ion. The &terVolumer constant value &2 is 23 times
higher tharM1 both in THF, which confirms that Eeion have been relatively more efficiently
to quench the fluorescence intensity of mono& than monomeml. In contrast, the

emission spectra of conjugated polyrRdrwas insensitive to all metal ions considered.
Finally, results obtained showed that the monormengaining imidazole group would be used as

active materials for application in fluorescencerdosensor for Béion and their sensitivity and

selectivity were not affected by solvent polaripnsidered in the study.
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Appendices

Appendix 1. Absorption spectra recorded fdil (6.62x10° M) andM2 (6.32x10°M) in

chloroform.
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Appendix 2. Fluorescence spectra recorded for monoMgrin dioxane upon exposure to
different metal ions. Excitation wavelength 350 nthe concentration of the monomer is

6.62x10°M and the concentration of metal ions is 1.08Min methanol.
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Appendix 3. Fluorescence spectra recorded for monoM@&r in dioxane upon exposure to
different metal ions (a - o; metal fr&d, Ag', C&*, Mg, K*, Ni**, Hg", CU#*, Cd*, Na',
cd’, z?t, cPt, AI** and o. F&). Excitation wavelength 350 nm, the concentratibrihe

monomer is 6.32xI®M and the concentration of metal ions is 1.0%k0in methanol.
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Appendix 4. Emission spectra fa?1 (2.3x10’ M) in THF upon addition of 1.0x1HM each of
metal ions (a — o; metal fréel, Ag", C&*, Mg*, K*, Ni¥*, Hg", c/*, cd*, Na', c&*, zr*",
cr’, AI** and o. F&). Excitation wavelength 348 nm.
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Appendix 5. Emission spectra fd?1 (2.3x10’ M) in dioxane upon addition of 1.0x¥0 each
of metal ions (a - 0; metal fré®l, Ag", C&*, Mg**, K*, Ni**, Hg", C/*, cd*, Na', C&*, Zrf",
cr*, AI** and o. F&). Excitation wavelength 348 nm.
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Appendix 6. Solvent polarity parameters [34].

Solven Refractive inde>  Ex(30) Dipole mome
THF 1.40¢ 37.4 1.6¢
Chloroforn 1.43¢ 39.1 1.9C

Dioxane 1.42: 36.C 0.4f
Toluen 0.09¢ 33.¢ 0.3¢
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