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1 Introduction

1.1 Photoluminescence

Photoluminescence occurs when chemical speciesxared with photons
and their return to the ground state results inssion of photons (of less energy
than the ones of the excitation process) produ@ngemission spectrum that
provides useful information for qualitative or qtigative purposes. Fluorescence
is a type of photoluminescence involving transisidietween energy states of the
same multiplicity (singlet to singlet) and, thenmefplifetimes are relatively short,
of the order of 10 to 10° s [1]. Although such nanosecond scale may seeite qu
short, in fact fluorescences a process that take orders of magnitude lotiger
other processes like molecular vibrations 11®) and transitions between
electronic states (188 s) due to absorption of energy.

In organic substances, structures composed by wpgrbatoms known as
chromophores may absorb photons of the UV-vis splecegion, producing
electronic transitions. The energy diagram (Jaldodsagram) can be used to
illustrate the various possible quantized transgiqFigure 1) involved after
photon absorption. The ground state is represebye& (since it is generally
singlet) and further, these electronic states avedet into vibrational levels,
which have energy differences beween levels arehnsutaller than the energy
difference between subsequent electronic stateter Adbsorption the excited
population of molecules will be transferred to acited electronic state (SS; or
S)). By dissipating the excess energy through vibreti and collisions, the
population tends to relax back to the lowest vibrel level, in general of the first
excited state.

If conditions are favourable in minimizing the patdiity of radiationless
processes such as vibrational relaxation and iatezonversion, the population
returns to the ground state emitting photons witlergy proportional to the
energy gap between the lowest vibrational levelthaf excited state and any

vibrational level of the ground state. In termssefection rules, such transition is
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of high probability (allowed transitions). It is sal possible, although less
probable, the transfer of the population from tkeited singlet state to the excited
triplet state (intersystem crossing). Such quanto@chanic forbidden transition
may occur under special circumstances resultireglonger lifetime emissiorué

to ms time scale) with less energy than the oneeerpd for a singlet-singlet

transition [2].
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Figure 1- Modified Jablonski diagram depicting absorption and emission electronic

Processes.

Molecular optical sensing has been continuously idatad by the use of

organic dye-based photoluminescent substances @i photoluminescence

guantum vyields [3]. Inmany cases, lanthanide complexes of these substance

(ligands working as “antenna” to capture electromse used to enable
amplification of the characteristically sharp laatide transition [4]. The
emerging of luminescent nanomaterials in the pastade have brought new
perspectives in analytical sensing due to theiul@cphoto-physical properties
such as intense signal, longer lifetimes and meststance to photobleaching.
Among these new materials, semiconducting nanabestior nanocrystals, also
known as quantum dots (QDs), have beenstifgiect of many studies involving
analytical applications towards the sensitive amtective determination of

analytes such as pollutants [5], drugs [6] andveeiebiomolecules [7].
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1.2  Semiconducting nanocrystals or quantum dots

1.2.1 Background

Semicondunting nanocrystals (quantum dots) wese ffeported in the late
1970’s by Ekimov and co-workers and due to theique characteristics these
nanomaterials became of great interest to scieagentinity [8]. The potential
applications of quantum dots involves many areapuré and applied sciences
such as life sciences (chemical and biological isgh$9] biological tagging and
labeling [10] and the developing of high qualitgtit emitting devices [11].

These photoluminescent materials range in sizenglier) between 1 and 20
nm involving in its structure as few as 100 to D0O0. atoms per particle. The
most common quantum dots consists of elements thmrgroup Il and VI, for
instance, cadmium sulfide (CdS) [12], cadmium sdierf{CdSe) [13], cadmium
telluride (CdTe) [14], zinc selenide (ZnSe) [15¢atl sulfide (PbS) [16] and
mercury sulfide (HgS) [17]. There are also somentwa dots formed by
elements of the groups Il and V such as indiumsphdade (InP) [18] and indium
arsenide (InAs) [19]. Moreover, some quantum dotmmmosed of single element
(such as silicon) or of ternary systems, such a&dnSgd CdSSe and InNP, have
also been synthesized [20].

The attractive photophysical properties of quantats are consequence of
a phenomenon known as quantum confinement [21]. budkk materials
(macroscopic semiconductors), the energy levelsvarg close to each other
resulting in small difference between them, thushaveng as continuous
distribution of energy (non-quantized). The barap gs the region where the
presence of electrons is forbidden and separatesdicalled valence band (the
outermost electron shell of atoms in an insulatosemiconductor, in which the
electrons are tightly bound to the atom to carrgceic current) from the
conduction band (the outermost orbitals in atorms @@nductor or semiconductor,
in which the electrons are free enough to movetheceby carry electric current).

In bulk semiconductors, the valence band is almdgtied with electrons
with a very small percentage of electrons occupyimegconduction band. For the
electrons in the valence band, the gain of enesggquired for crossing the gap.
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However, due to the fact that the bulk semicondue#s a continuous-like energy
level distribution, therefore the band gap magratus fixed and any optical
transition presents a single wavelength.

In the case of nanoscale semiconductor structdinespehaviour is quite
different as the quantum dots physical dimensi@msapproach the exciton-Bohr
radius (the spatial separation of the electron fribra hole), therefore, Bohr
approximation can be used to determine this distdrjcas seen in Equation 1.1
[22].

r =eh? /n me® (1.1)

In the Equation 1.1, r is the radius of the sph@aresponds to the
separation of the electron-hole pair)s the dielectric constant of the particle, h is
Planck’s constant, ms the reduced mass of the electron-hole pair ergdthe
charge on the electron. The hole is a vacancyenésfly the absence of an
electron that is created during electronic traositand can be considered as a
particle with its own dimensions and effective mass

In contrast, the bulk of the semiconductor is ofchgreater size than its
exciton-Bohr radius, resulting in the extensiontlod natural confination of the
exciton. In quantum dots, the physical dimensiaescd the order of the exciton-
Bohr radius and often less (Figure 2). This systena prime example of the
“particle in a box” quantum model [23], which thebcally illustrates the
dependence on the size of the box in calculatiegptirticle’s energies. When the
particle approaches the size of the exciton-Boliusathey cease to behave like
the bulk semiconductor in that the energy levelsnca be considered as
continuous. On the contrary, they are now disdgt@ntized differences between
energy levels) and the optical transition obserliad a wavelength dependence

upon the size of the nanoparticle.
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Figure 2 - Schematic describing Tunable bandgap of quantum dots compared to the

fixed band gap of the bulk semiconducters.

Due to the energy band structure of semiconduatdrta their nanosize scale,
quantum dots exhibit distinguished photoluminescpnbperties, which are
illustrated with the scheme in Figure 3. Quantuntsdaresent discrete energy
levels in both the valence band (VB) and the cotidndand (CB) as there are a
limited number of atoms in each particle. When they excited with an energy
(Eex) higher than band gap energyy)Eelectrons ‘jump’ to the conduction band
forming short-lived electron-hole pairs (the sol@dlexcitons). Then the electrons
and holes (represented by the open and closed)ciretombine quickly, and
photons are emitted with a specific energy corredpw to the band gap, which
is the band edge emission. As part of the energybeaadiationless released, the
emited energy (&0 is usually lower than the excitation energy (S®lshift or
AE). When energy trap states exist in the band gaptons with different
energies (Bny Eem2 Eems Eemg mMay be released. These energies are usually
lower than the band gap emission energy.§e

In conclusion, the quantum dots differ from bulknésonductors as the

emission frequencies shows dependency upon thedsmdhagnitude. Therefore,
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frequency of the emitted light (photoluminesceno@)y be tuned by changing the

size of the nanostructure.

B
4 |AE |
b

UIM\"-%
e Eq M Een
S ‘L"ULrb em

EL\AM nm_nfﬂfw MMHM Eumﬂ
Elﬁ::rﬂ“J‘J—\-N\-I M E Eeml
emd

|

Figure 3 - Schematic of excitation and emission of quantum dots with the typical
energy band structure of semiconductor. Vg is the valence band, Cg is the conduction band,
AE is the Stokes shift, Eg is the band gap energy, Ee is the excitation energy, Eem 0.4 are the

various emission ener gies.

1.2.2 Synthesisof quantum dots

There are many approaches for the synthesis oftgumadots such as
vapour-phase deposition, evaporation, sputterirtyegpitaxial growth on certain
substrates (the so-called Stranski-Krastanov grpf2#d]. The main limitations of
these methods are the cost of fabrication andatle ¢f control over positioning
of individual quantum dots. In the recent yearsitlsgsis of quantum dots by the
colloidal method has become the most favoured tgaleras the quantum dots are
synthesized via chemical routes in solution allgveven the use of reverse
micelles to control de size distribution of thelomal nanocrystals [25]. The two
most widely applied colloidal methods for the sydis of quantum dots are the

organometallic synthesis approach and the syntheaigueous phase.
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1.2.2.1 Theorganometallic synthesis

The so called TOP/TOPO synthesis method is an apprto synthesizing
CdX (X = S, Se, Te) nanoparticles from organomietatagents. The method is
based on the pyrolysis of organometallic reagdntsekample, dimethylcadmium
and bis-selenium) by injecting them into the holvents tri-n-octylphosphine
(TOP) and tri-n-octylphosphine oxide (TOROhis method is widely used due to
its versatility, reproducibility and high qualityf othe particles produced.
Traditionally, many quantum dots of the groups llavid groups IlI-V are formed
in a hot mixture of TOP and TOPO that work as bsdhvent and stabilizing
ligand. For instance, in a typical synthesis of €dfuantum dots, a certain
amount of TOPO, in a reaction flask, is purged waitttow of inert gas and heated
to about 200°C to 300°C. Solutions of dimethylcadmium (M@d) and tri-n-
octylphosphine selenide (TOPSe) are then addedhdoflask and mixed with
vigorous stirring, where the CdSe nanocrystals pthmnucleate and grow in
time [26].

In order to narrow the size distribution of the oenystals, the large
crystals are precipitated by adding methanol ama tte-dispersed in 1-butanol.
This size-selective precipitation is repeated féeva times and the final product is
dispersed in organic solvent. Besides practicalaathges and good results
achieved, this method is not environment-friedlg &mings human health issues
due to the high toxicity of many of the employedvrmaterials, especially the
organometallic precursors that are also expensivanstable and
explosive/pyrophoricAlthough a ‘greener’ approach was developed lat#ngu
CdO as the precursor, [27,28], the hydrophobicasafof the quantum dots
organic ligand coating in these systems is notbietfor biological applications,
very high temperatures for reaction are still regghiand the complexity of the
organic synthesis influences on the final cost led tommercially available
quantum dots.

Further attempts to improve the organometallic lsgsis have been done
to produce water-soluble and biocompatible quantats using silica coating.
For instance, 3-(mercaptopropyl) trimethoxysilaMPE) was adsorbed on the

surface of nanocrystals to replace TOPO. Howevas, ppirocess is tedious and
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involves multiple steps to change the solvent cdibjity of the nanocrystals

from organic to aqueous system.

1.2.2.2 Aqueousphase synthesis

In the last two decades significant developmentatestrated the great
potential to synthesize quantum dots directly ineamys media in order to provide
nanoparticles with superior properties such asngtrphotoluminescence, long
time stability and compatibility with biological rd&. This approach is relatively
simple, easily adjusted in scale, use water asaetiom solvent (environmental
friendly and biocompatible), minimizes the requieets for the use of inert
atmosphere, and allow the use of various typesappiog ligands making the
nanoparticle functionalization versatile.

The aqueous synthesis protocol is well establisimeticonsists in reacting a
metal ion or one of its complexes with a chalcogentaining precursor, in the
presence of a stabilizer. The nucleation and groeftithe quantum dots is
controlled by heating (temperature and time). M@iacursors in the form of
water soluble salts are used (commonly perchlorates chlorides). Sodium
sulphide (NaS) is widely employed as the source of sulphur3@R-Tellurium
powder is the source in synthesis of Te based goartots and selenium in
synthesis of Se based quantum dots. For exar@pl€e nanoparticles is prepared
via the reaction between €dnd NaHTe (NaHTe is produced by the reduction of Te
with NaBH,). They start to crystallize and show visible ptatainescence after
reflux at 96°C during a specific time [31]. CdSe has been sitlkee by Se (NaHSe
prepared by reduction of Se with NapBHand solid CdGl using thyoglicolic acid
(TGA) as a capping ligand with the reaction keptad °C (ice bath).

The formation of nanoparticles is a dynamic procesgsch is usually
explained by an Ostwald ripening (see details bglomechanism mainly
consisting of the growth of larger particles at #ense of the smaller ones

present in the reaction vessel.
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1.2.3 Growth mechanism of quantum dots
1.2.3.1 Nucleation

The growth process of colloidal quantum dots candiv&ed into two
parts. The first stage is the nucleation when tieoparticles are spontaneously
formed through the coming together of the dispersetdiomers in solution. The
second stage is the actual growth process. Nuoteatan be viewed as an
overcoming of a barrier whereby a thermodynamicstifiple state is attained after
the assembly of a core of monomers that do notydeaak to the free atoms or
ions [32]. At this point, two phases coexist, tingstalline and solution phase. As
the names suggest, the crystalline phase is theamerising atoms bound to the
crystal while the solution phase refers to theljyrelispersed atoms (as ions and
solvated molecules) in solution. The differencéhia free energy between the two
phases governs the nucleation in solution at cohséamperature and pressure.
The driving force for this nucleation is the gam ahemical potential, in other
words, the energy released by the formation of bandhe growing crystal and
the increase in total surface energy, which acstortthe incomplete saturation
of surface bonds. The change in the free enafgyon formation of the spherical

nucleus with n atoms is governed by the Equati@n 1.

AG = n {1c —pe) + 4nr’c (1.2)

Where ;. is the chemical potential of the crystalline phageis the
chemical potential of the solution phase, r is thedius of the nucleusy is the
surface tension (or, more correctly for solids,irtrseirface energy). The given
Equation 1.2 is for a simplified case where thdasu#r tensiors remains constant
for any size and morphology of the crystal. For arendetailed approach the
defined crystalline surface would need to be actsifor the role of faceting (the
arrangement of atoms and dangling bonds on thea):f The density of atoms
will affect the total surface energy but, in ordersimplify the discussion, such
effect is ignored and an isotropic crystal withéatets is assumed. In Equation

1.3, the variation in the free Gibbs energyG) of the nanometric system is
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expressed by the radius r of the nanocrystals laadiensity (¢) of the group of
atoms forming the crystal:

AG = 4nds /3. P (ue — o) + 4nr’o (1.3)

The minimum free energy occurs when all the atoradraely dispersed as
the chemical potential of the atoms in solutiosngaller than that the ones in the

Free energy AG

|
critical size 7.

Particle radius r

Figure 4- Free energy variation for the nucleation.

crystal. Therefore, there is no formation of statrlgstals. However, the opposite
case, with the chemical potential of atoms in sofubeing larger than that of
bound atoms, is the one of interest. Thus, tts ferm in Equation 1.3 becomes
negative and the free energy reaches a maximurma foertain radiuscrtermed
critical size. Only at small values of r in Equatid.3, the term?rof the surface
energy outcompetes th&gontribution of the chemical potential, so thaiaarier

is imposed at the critical size {Figure 4). For small nuclei, the surface energy
term dominates the free energy, whereas only fgstals much larger thag the
growth is driven by the gain in chemical potensiatl in principle the crystals can

grow to an infinite size [33].
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1.2.3.2 Growth

The growth process of particles comprises of twstimit steps. The first
involves the transportation of the monomers (iis ttase, a unity structure of the
semiconductor) to the nanoparticle surface anddlcend step is their reaction on
the surface. The growth rate is controlled by e 1of deposition of monomers
on the nanocrystal. To initiate the growth process,excess of monomers is
injected into the reaction cell. Due to the higm@entration of the monomer, the
rate of incorporation only depends on the reactiae for the conversion of
monomers to crystal. The surface area of the ngatairdictates this rate. As the
concentration of monomers reduces, the growthvaties upon the rate at which
the monomers reach the nanoparticle surface. Incthuese of a reaction, the
concentration of monomers decreases and the smafstals enter a size
focusing stage in which the critical sizeincreases and a broadening process
occurs. When the radius of the crystal reachegpthet where equilibrium with
the monomer concentration is established, a zemntgrrate is observed.

The critical size ultimately becomes greater tHanradius of the smallest
nanocrystals entering the Ostwald ripening stagest@own schematically in
Figure 5, which is characterized by a significanbdaening of the size
distribution. This is accompanied by a reductiontl® concentration of the
nanocrystals. The smaller crystals “melt” back itke solution, freeing the
monomers and these are incorporated into the largstals. The nucleation stage
has a major impact on the final size distributidihis stage should ideally be
forced to finish before the diffusion controlledogith stage. If the nucleation
event occurs over too long, then a broadening ef distribution of sizes of
crystals occurs. The photoluminescence spectrura good indicator of the
guality of the nanocrystals in terms of size dmition, measured as the full width
at half maximum (FWHM), since the size of the naartiples is reflected in the
wavelength of fluorescence. In general, a FWHM mgraximately 30 nm shows

good size distribution.
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Figure5- Model for stages of nucleation and growth of monodisper se colloidal particles[33].

In practical aspects of the synthesis, a high teaipee reaction and an
excess of monomers ensures a short nucleationdpanad reduces the chance of
entering a broadening regime. Some synthetic raxztase a rapid depletion in the
supply of monomers resulting in a broadening of phetoluminescence band.
This can be overcomed by a fresh injection of moersnauring the growth phase.
Improvements in size distribution may be achieved isomewhat laborious way
by repeated precipitations of the material with axganic solvent followed by

homogenization in aqueous solution.

1.2.4 Surface Passivation and water solublization

The surface chemistry of quantum dots is stronggethdent on the size
because the surface-to-volume ratio increases assitte decreases. A high
surface-to-volume ratio means that the structunalical, and electronic features
of semiconductor quantum dots are heavily influeno their surface properties.
This ratio is large in quantum dots due to theialrsizes, so they may tend to
aggregate by the influence of temperature, UV Jigimnd ionic strength of the
system. The flexibility of the quantum dots in terof surface physico-chemical

interactions enable these photoluminescent inocgarabes to efficiently couple
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with the organic ligands that provide them with fexuliar properties attractive
in many applications.

Organic stabilizers are often employed aiming tivenfation of a monlayer
of ligand on particle surface. These stabilizersamdy stabilize the quantum dots
in solution but also passivate its surface decngaiie surface defects. Because
surface defect on surface of particles, such aan@es, impurities, or adsorbates
cause the formation of “trap” states into whidmetphoto-excited electron can
fall, or the photo-excited hole can “float’, aftery the photoluminescence
properties of quantum dots. Therefore these stabsl improve the luminescence
quantum vyield. Among these organic stabilizers threl-containing molecules
[34], silica shells [35] surfactants and oligomg§], encapsulation in micelles
[37], and the use of polymers are also used [38].

Due to the large structural differences betweenntyum dots and the
organic capping molecules, a perfect passivatiomafbe achieved by removing
surface dangling bonds. An ideal passivation meikdd use the inorganic shell
of another semiconducting material (for instanc&yaround the core quantum
dots, providing dense surface protection. Suchiyassn of the nanocrystals
surface by a thin semiconductor shell does notfssgntly modify the absorption
and emission characteristics of the core quanturs, dout increases their
luminescence quantum yield up to 70%. Examplefi@dds core/shell system are
CdSe/zZnS, CdSe/CdS and ZnSe/ZnS [39]. As the bapdegergy of the shell is
higher than that of core, the shell material dogtsabsorb the light emitted from
the core material. In addition, the presence of ghell helps to eliminate the

broadband emission (Figure 6).
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Figure- 6 - (a) Representation of an organic ligand coated quantum dots (b) and a
core shell quantum dots.
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1.2.5. Photophysical properties
One of the unique and striking features of quantlwis is their size-
dependent emission spectra [40]. By altering tlze and composition of the
nanoparticles their photoluminescence charactesigemission wavelength and
lifetime) alters. The photoluminescence wavelergth be tuned from the ultra-
violet region of the spectrum up to the near irddarAs the particle size reduces
the band gap increases resulting in emissions ortesh wavelengths (larger
energies and frequencies). For instance, CdS guadais can be tuned to emit
from 350 nm to 500 nm. For CdSe quantum dots, whalility limits are from
about 450 nm (average patrticle size of 1.8 nm)@&s&Iinm (average particle size
of 7.5 nm) while for CdTe, tuning can be made fr6h® nm (average particle
size of 2.1 nm) to 675 nm (average particle sizé.afnm) [41]. Others such as
the Pb-based quantum dots have been employeddncettie tunability range into
the near infra-red (up to 2000 nm) [42]. The ranger which the band gap and
photoluminescence wavelength can be tuned dependshe® materials of
nanoparticles and it bulk band gap. The light eforssf the quantum dots is also
more narrow and symmetrical than the one of thet mmsventional organic dyes.
Another interesting property of the quantum diststheir broad band
absorption spectra extending through the UV regwamgch allows versatility in
the photoexcitation process as any wavelength alarmge range can be selected.
The broad absorption of quantum dots correspontiset@verlapping of a
series of peaks that increase in size as the waytble get shorter. Each peak
represents an energy transition between discreetreh-hole pairs (excitons)
explained by the discrete nature of their energyelle Quantum dots will not
absorb at wavelengths longer than that the onbeobt the i exciton peak. The
molar extinction coefficients for the bandgap ofgtb quantum dots can be 10 to
50 times greater than commercially available orgayes [41].
Surface-passivated quantum dots also show excedlestiochemical and

thermal stability when compared to organic dyes a@tditional inorganic surface
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layers completely suppressed photo-oxidation of toee for relevant time

intervals.

1.3 Photoluminescent chemical sensing

The continuous monitoring of the presence of chahgpecies is called
chemical sensing [43]. Many areas related, foramst, to chemistry, biology,
clinical-biomedicine and environment requires sigsensing, which plays an
important role in our day-to-day life [44].

Many features make photoluminescence one the mtyactive field to
report chemical recognition. A number of photoluesoence microscopy and
spectroscopy techniques based on the life-timeso&moipy or intensity of the
emission of photoluminescent probes have been odgsélover the years. The
use of the right conditions to achieve high sevisitis allows even single
molecule detection. In addition photoluminescenaebimg tends not to destroy
the object of interrogation.

The most classical design of photoluminescent atdic for analyte
recognition comprises two moieties, a receptor #unarophore. There are three
main approaches adapted for chemical sensing utieol The first, results in
intrinsic photoluminescent probes, which mechanim signal transduction
involves the interaction with the analyte by a chwin reaction/interaction
involving, in general, groups that are part or clisebonded to the conjugated
system of the fluorophore [45]. The second involegfinsic photoluminescent
probes, in which the receptor moiety and the flpbire are covalently linked but
are electronically independent [46]. Due to theatent linking through a spacer,
both moieties are in close proximity and the intéoa of the analyte with the
receptor induces a change in the fluorophore sodiogs, changing its
fluorescence. The third strategy is called chemsisgrensemble that is based on
a competitive assay in which a receptor-fluorophersemble is selectively
dissociated by the addition of an appropriate cditipe analyte that is able to
interact efficiently with the receptor resulting @ detectable effect on the
fluorophore [47].

As different types of fluorescent nanoparticles haweome available, they

also have been explored for sensing. In the lastadks water soluble
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semiconductor nanoparticles have gained great tattersince their discrete
electronic states are very sensitive to surfacesgés induced by presence of
nearby chemical species. This fact indicates thatirface phenomenon is very
important in the sensing with nanoparticles. Thanefit can be expected that the
presence of different molecules nearby the quantiots surface may cause
changes in their luminescent properties and théssges could be used for
analytical purposes. Photoluminescence quenchingerdrancement can be
observed after during analyte-quantum dots intemact

The discovery of these luminescent nanoparticlesopgned the door to a
new exciting approach for photoluminescent chemsegising as the recent and
important applications listed in Table 1.

1.4 Sensing approaches based on photoluminescence of quantum dots

The semiconductors nanoparticles have a broad ranggmications that
includes their use as new type of photoluminesogtical probes in analytical
chemistry. Because of the strong photoluminesceprogssion in these
nanoparticles originates from the recombinatiorplodtogenerated electron-hole
pairs that takes place on the surface of the ngstats, the binding of samples
organic molecules or ions (analytes) close theaserinay affect their emission.
The photoluminescence changes (responses) mayhag #ie quenching or the
enhancement of photoluminescence and these effemigle the basis to exploit
their properties as chemical sensor (photoluminggu®bes).

The term photoluminescence quenching refers to emant in which the
observed photoluminescence is decreased. Whenuiechking arises from the
change in optical properties of the sample, italled trivial quenching or non-
selective quenching. More selective quenching affisem the specific interaction
of non-photoluminescent molecules with selectedriphores (for instance,
quantum dots). The static quenching involves them&tion of ground-state
fluorophore-quencher complex and, in contrast, dggamic quenching takes
place due to transient collisional interaction bedw an excited- state fluorophore
and ground state quencher. Both static and dyngoeaching are selective, and,
thus, more attractive in the analytical point oewi Dynamic quenching is

mathematically described by well known Stern-Volrmaguation 1.4.
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FolF = 1+ kt?Cq = 1 + Kev Cq (1.4)

Where and F are the photoluminescence emission intensitiyorophor
(in this case, the quantum dots) respectively i@ #ibsence and presence of
quencher (). Plotting the fluorescene ratioo(F) in function of the quencher
concentration leads to a linear response with kbygesequal to the stern-Volmer
constant (Kyv) and with the intercept equals to unity. The obsgiS&rn-Volmer
constant can also be expressed as the product settond order rate constant for
guenching () and the lifetime of the fluorophore in the absenof
quencheft;®). Dynamic quenching is a collisional process thatesauring the
excited-state lifetime of the fluorophore, therefochanges in lifetime occurs in
the presence of quencher species. Hence, measureih@motoluminescence
lifetime of the fluorophore in the absence and @nes of quencher molecules can
be used to find out whether the quenching is statatynamic.

To date, most of designed photoluminescence prabed for detecting a
variety of analytes are based on the photolumimescequenching and the
mechanisms involved could be inner-filter effeaten-radiative recombination
pathways and electron transfer. Approaches basddnanescence quenching of
guantum dots are usually less selective, enablaggr LOD values and need for
corrections to compensate the inner filter effexised by the absorbance of light
produced by the analyte itself or by sample matamponents. The need for such
kind of correction is often ignored in many works.

The photoluminescence enhancement from a fluor@ptfor this case,
quantum dots) also known @&irn ori’ approach is a less explored process. When
compared to quenching process, the enhancementris imeresting due to its
selectivity when compared to quenching processduition, photoluminescence
enhancement is not limited by background as quegchhased methods.
Photoluminescence enhancement in quantum idagiributed to the passivation
of trap states or defects on the surfaces of natioles. Nevertheless, the exact
mechanism of photoluminescence quenching and eeh@ in these
nanoparticless is still not exactly known. In carsebn, by a careful choice of

quantum dots and by proper optimization etperimental conditions, the
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photoluminescence quenching or the photoluminegcenbancement approaches

can be utilized in analytical sensing applicatiaesndicated in Table 1.

Table 1- Recently developed quantum dots based photoluminescent sensing applications.

PUC-RIo - Certificacdo Digital N° 0913861/CA

Analytes Quantum dots Limit of detection Refs

Methimazole. TOPO-CdSe 30 ng mi(0.26pumol LY [48]

Ranitidine TGA-CdS 0.38 mg L (1.1umol L™ [49]

hydrochloride

Roxithromycin MPA-CdTe 4.6 mgt(5.5umol L) [50]

Uric acid TGA-CdTe-CdSe 0.1pmol L™ [51]
2-Mercaptoethylamine CdTe

Menadione p-sulfonatocalix[4]arene 80 ng mL (0.46umol L) [52]

coated ZnS

Levodopa Citrate-capped-Mn- 0.2pg mL™* (0.9pmol L) [53]
modifiedCdSe/CdS

spironolactone TOPO-CdSe QDs 0.2 mg'(0.48umol LY 154]

Sulfadiazine TGA-CdS 8.amol L™ [55]

Acetylsalicylic S-8CD-MSA-CdTe 8.5 nmol I [56]

acid

Methomyl CdTe- Composite 0.08 mot'L [57]

Deltamethrin CdTe-MIP-Si© 16 mgL™ (0.3pmol LY [58]

Organophosphorus CdTe-AChE-cholineoxidase 1 pmol'L [59]

pesticides

Glyphosate Silica Spheres Coated With 0.0725 nmol [* [60]
Calix[6]arenecapped CdTe

P-nitrophenol Cyclodextrin-QDs 7.9 nmol'L [61]

L-cysteine MPA-CdSe/ZnS 3.8 nmot'L [62]

Bradykinin CdTe 0.6 umol L* [63]
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Melamine TGA-CdS 1 nmol & [64]
Glutathione Rhodamine 6G conjugated 15 nmol L* [65]
and MPA-CdTe
Adenine Hexametaphosphate- Zns 3 nmol L [66]
Bovine serum MPA-CdTe/CdS 54 nmol T [67]
albumin
Cysteine Cds 5.0 x T0mol L™ [68]
Rutin 2-meracpto propionic acid- 1.2 x 10° mol L™ [69]
Cds
Ag® thiolactic acid-ZnS 0.5mol L™ [70]
Arsenic MAA-CdS 0.07 mg £(0.93pumol L) [71]
Hg™* CdTe-CdS nano composite uéol L [72]
cr L-cysteine-ZnS 7.1pmol L? [73]
zn* Mn-dopped ZnS 0.6mol L™* [74]
Cd I-Carnitine-CdSe/ZnS 0.16mol L™ [75]
Ag* Citrate-CdSe 1.4mol L™ [76]
F CdSe/ZnS capped with- 74.0pmol Lt [77]
(bis(>-yclopentadienyl)iron)-
methyl-3-(5,7-dimercapto-
heptyl)-Urea
Br 4-amino-2,2,6,6- 0.6 umol L™ [78]

tetramethylpiperidine-N-
oxide-CdTe

TOPO - Tri-n-octylphosphine oxide
TGA - Thyoglicolic acid
MMA- Mercaptoacetic acid

MPA- Mercaptopropionic acid

42
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15 Theanalytesof interest for sensing through optical probes

151 Captopril

Hypertension is the elevation of blood pressurghef human body that
leads to overworking of both heart and blood vessdlhe untreated high blood
pressure may cause chest pain (angina), heartkatséoke, kidney failure,
peripheral vascular disease and eye damage (ratimgp Antihypertensive drugs
work lowering blood pressure by one or by a comtpamaof actions : (i) opening
and widening the blood vessels, (ii) preventing lfood vessels from closing
and tightening, (iii) reducing the workload ottheart[79]. There are ten types
of antihypertensives categorized by the mechansihation: diuretics, enzyme
(ACE) inhibitors, angiotensin receptor blockersphal-blockers, beta-blockers,
calcium channel blockers, angiotensin-convertirgnti@l adrenergic inhibitors,

peripheral adrenergic inhibitors and blood vesgahtbrs. [80].

HS

Figure-7- Chemical structure of captopril.

Captopril, 1-[(Z)-3-Mercapto-2-methyl-L-oxopropyl]- L-proline, (Fige
7) belongs to the group of antihypertensive drugdely used for treatment of
hypertension and congestive heart failure thatksidbhe angiotensin Il converting
ACE, which causes blood vessels to tighten. It thasfirst ACE inhibitor drug
marketed. Although, nowadays, several other ACHbitdrs (such as enalapril,
lisinopril, perindopril, ramipril) have been devpé, captopril has the lowest cost

and, therefore, widely indicated in prescriptioasthe general population.
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Captopril is a slightly yellow or white crytallingowder, easily soluble in
alkalines solution, ethanol, chloroform, methanotl avater. This drug can be
found in medicines at various dosages and tradesam

A limited number of analytical methods are avaialbr captopril.
Indirect methods that relies on the formation aetection of chemical species
formed by redox reactions in the presence of cajptepabled limit of detection
(LOD) of 0.25ug mL* (1.1 umol L™) by absorption photometric detection of
either F&" or iodine after complexation with a chromophoragent [81] and 0.1
ng mL™* (0.46pmol L) through fluorimetric detection of €[82)].

Most of the separation methods coupled with optiegéction relies on the
time consuming chemical derivatization of the atealyecause of captopril’s lack
of strong chromophore groups. High performanceidigghromatography (HPLC)
and capillary electrophoresis (CE) using absorppbontometric provided LOD
values for captopril down to the ng fillevel in complex samples (plasma and
urine) after chemical derivatization of the analyteng different reagents such as
I-benzyl-2-chloropyridinium bromide [83], 2-bromda2etonaphthone [84], 2-
chloro-1-methylquinolinium tetrafluorborate [85], -bBomomethyl-
propylphenazene [86], and with the Ellman’s read@nL.

A few attempts bave been made to detect captapdl its degradation
products using capillary electrophoresis withowgroical derivatization, however,
poorly detection (LOD at the mg ritLlevel) were achieved. Organic substances
(1-2 naphtoquinone-4-sulfonic acid and 4-methyllethferone) [88,89] have
been proposed as probes as they generate hightglpminescent products in
the presence of captopril. Analytical methods basethese probes allowed LOD
in the ng mL* level. Recently, a voltammetric method based an dhtalytic
reaction captopril on a multiwall carbon nanotulmeodified with a cathecol
derivative) was developed, enabling LOD of 7 ng'h§82 nmol %) [90].

15.2 Histamine

Biogenic amines or biologically active amines argamic bases with
aliphatic (putrescine, cadaverine, spermine, sp#maj, aromatic (tyramine,
phenylethylamine) or heterocyclic (histamine, teyptne) structures that, with the

exception of physiological amines, are mainly pi&luby microbial
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decarboxylation of amino acids in several foods92lL Biogenic amines may be
of endogenous origin at low concentrations in nemrented food such as fruits,
vegetables, meat, milk and fish. High concentratiohdiogenic amines have
been found in fermented foods as a result of aacoimating microflora exhibiting

amino acid decarboxylase activity [93].

The biogenic amines acts as natural substances gfowth of
microorganisms and plants (reserve of nitrogengyTdlso play an important role
in several physiological functions in human andnaais, participating in the
regulation of gastric secretion, the contractiod aglaxation of smooth muscle.
These amines are also biomodulator and stimulatesosg motor and
cardiovascular neurons [94,980me crucial cell activities are also dependent
upon biogenic amines. For instance, spermidinespedmine are involved in the
synthesis of DNA, RNA and proteins, in the stabifian of membranes and are
essential for growth and replication of cells [98]stamine, serotonin, dopamine,
adrenaline and noradrenaline are psychoactive endsaneurotransmitters in the
central nervous system. The histamine-containingrares may participate in
regulating water intake, body temperature and theretion of antidiuretic
hormone, as well as the control of blood pressacepain perception. Tyramine,
phenylethylamine, isoamylamine, dopamine, adresalimoradrenaline and
tryptamine cause an increase in blood pressureohgtigcting vascular system
and increasing the speed and force of cardiac actian. Typically, histamine
causes dilatation of small blood vessels, resulimgedness, decreased total
peripheral resistance, pressure drop systemiciartontraction and increased
heart rate and speed increased capillary permeel8il].

According to the Food and Agricultural Organizatithre global sea food
production is expected to be about 157.3 milliontrmgons and the value of
seafood exports was estimated to be USD 138 billiothe year 2012 [98]. A
major part of seafood comprises fish, which accedat to at least 20% of the
total animal protein consumed by 2.6 billion pespdeound the world. Fish has
high protein content (15-20%) with significant amtai of all of the essential
amino acids. They also provide nitrogenous compsutigdids, carbohydrates,
minerals and vitamins. In certain countries suchBamgladesh, Cambodia,
Indonesia, Sri Lanka and Japan, fish protein douteis more than 50% of the

total animal protein consumed in the diets. Fighloa harvested from aquaculture


DBD
PUC-Rio - Certificação Digital Nº 0913861/CA


PUC-RIo - Certificacdo Digital N° 0913861/CA

46

or from the natural marine stock. Aquaculture actsdor to as much as 80% of
the world fish supply [99]. Specific conditions asguired to store fish and other
seafood in order to maintain its integrity, avoglithe danger of seafood born
chemical intoxication, which, in turn, imposes aajrchallenge in terms of public
health and trade [100].

Among the products of animal origin, fish is sulbgec to rapid
deterioration upon harvest because spoilage baaesi commonly present on the
skin and in the digestive tract of fish [101]. Thervested fish should be chilled in
ice or frozen immediately in order to prevent andimize the growth of bacteria
and the production of toxins. Freezing or chillofghe harvested fish may not be
always feasible and fish may be exposed to aminperature for quite some
time. Thus the quality of fish is mainly dependemt the handling after each

catch.

<N NH
N
H

Figure-8 - Chemical structure of histmine

One of the major problems in consumption of fistedsthe family
Scombroidae (tuna, marakeral and bonito) and others from thescombrodae
family such as sardines is the presence of hiseufiif2]. Histamine, (2-(4-
imidazolyl) ethylamine), see Figure 8, is a biogeamine produced from the
decaroboxylication of histidine by the action ot thacterial enzyme histidine-
decarboxylase. When histamine levels in fish (&ad for red wine and cheese)
are larger than 500 mg Rgit causes a food born chemical intoxication chlle
histamine fish poisoning of HFP [103].

The major symptoms of HFP include nausea, vomairrdea and allergies
that last from several minutes up to 3 h afteritigestion of the spoiled food. The
severity of these symptoms depends on both the aihodinistamine ingested and

sensitivity of the individual to histamine poisogif104].
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Non-favorable storing conditions induce the fotiora and accumulation
of histamine as the bacterial action produces imiste—decarboxylase enzyme
that turn histidine (present in the fish muscles$) ihistamine even at temperatures
as low as BC. Once histamine is produced it cannot be destrdyeheating or
freezing.

The presence of histamine in foodstuffs has beed as an indicator for
food quality control, especially in fish and fishoducts. Therefore, a relatively
large number of analytical methods is availahl¢he literature for determination
of histamine in fish and fish products. The mostiely used methods are based
on liquid chromatography using fluorimetric detemation of chemical
derivatives of histamine produced by reaction vatphthalaldehyde and dansyl
chloride [105, 106] and by gas chromatography, whias been applied for
determination of histamine even without derivai@at [107]. Capillary
electrophoresis makes use of the fluorimetric detecof histamine after
chemical derivatization with O-phthalaldehyde atgbalirect detection without
using chemical dervatization with a UV detector s¢t210 nm [108-109].
Isotachophoresis has been used to improve separatidiistamine from other
biogenic amines exploring the differences in tha,. Enzymatic approaches,
thin layer chromatography (with fluorimetric detenation of derivatized
histidine) and colorimetric methods have also beployed for quantification of
histamine in fish [110-112].

1.5.3 Aminoglycosides

Aminoglycosides are a large and diverse class d¢ibiatics that are
characterized by one or more amino sugars linkedylggosidic bonds to an
aminocyclitol component [113]. They may be classifaccording to the pattern
of substitution of the cyclitol. The two most infpnt sub-classes are the 4,5-
disubstituted deoxystreptamine (for instance, ngom and 4,6-disubstituted
deoxystreptamine (for instance, gentamicin, kanamymnd tobramycin). The
structures of some of the important aminoglycosatesshown in Figure 9. Many
actinobacteria (Actinomycetes), particulary relatedthe genere&treptomyces
naturally produce aminoglyocosides. These organisites produce a number of

structurally related antibiotics simultaneously ahe therapeutic product may
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contain a mixture of active compounds [114]. Theeroltal synthesis of

aminoglycosides is well established, but their piatshn through fermentation is
still the most economic route. The aminoglycosiées not effective against
anaerobic bacteria but they are active againsbadsspectrum gram-positive and
many gram-negative organisms making them usefuhuman and veterinary

medicines [115]. However, the use of aminoglycosigeesents adverse side
effects like ototoxicity and nephrotoxicity.

In various types of fruits, such as apples, stmagton (in the salt form)
has been used to control bacterial infestation J[1IBe use of aminoglycosides
carries out the risk of their persistence presem@nimal derived foods like milk
and meat [117]. Their stability and high solubility water make them potential
pollutants in water bodies [118].

Concerns have arisen due to the adverse effectsnafoglycosides on
human health, such as allergic reactions, andtaltze microorganism resistance
to antibiotics. For safety reasons of food for hantansumption, the Council
Regulation (EEC) no. 2377/90 (2000) of the Europé&bmon established the
maximum residue limits (MRLs) for different aminggbsides. For
environmental waters no specific values for amiyogsides and other antibiotic
have been defined, but a general concern existfasjnstance, 1 ton of
gentamycin is used in Germany for human medicgbgaes and little information

is available about its occurrence in waste watdraaqueous environment [119].
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There are several methods described in the literdtur determination of
aminoglycoside antibiotics in different matrices.owever, the lack of
chromophore groups makes impossible the direct cdete through their
absorbance or through intrinsic fluorescence. Sindahis work kanamycin was
the aminoglycoside used as a model compound fairsgmwith quantum dots, the
following revision focus on this aminoglycoside.

Chemical derivatization has been employed for thierination of total
kanamycin as low as 60 pg mI(1.0 x 10* mol L) in pharmaceuticals. The
reaction with acetylacetone-formaldehyde reagenN,N'-dimethyl formamide
enabled the formation of a derivative that strongllysorbs in the visible
(maximum at 410 nm) [120]. The determination of @minoglycoside antibiotcs,
including kanamycin, was also achieved after thactien with EG*. The
lanthanide photoluminescence at 616 nm was enhaafted binding with
aminoglycosides, which not affected the photolursaesice at 592 nm. The ratio
between these two photoluminescence signals ceddhe response in function
of the free Eti', allowing the detection of at least 10 Pg of kanamycin [121].
The inhibiting effect that kanamycin has on thectiem of lucigenin with
hydrogen peroxide in a basic solution was alsortakeadvantage. Although not
selective towards other aminoglycosides, such a@mbravas employed in a flow
injection system, allowing a claimed capability wetect kanamycin at
concentrations as low as 1 x*fnol L'* in pharmaceuticals [122

Separation of kanamicine from other aminoglycosidesl eventhe
separation of kanamycin A from their isomers (kapegimB, C and D) in diverse
samples (pharmaceuticals, varicella vaccine, rauenads and bacterial culture
media) were achieved by reversed-phase high peafocen liquid
chromatography. Either C-18 or cation-exchangenregre used as stationary
phases. Detection was achieved pye-column or post-column chemical
derivatization with fluorescamine [123], 9-fluorémgethyl chloroformate [124]
and phenylisocianate [125] in order to enable pinetoic absorption or
photoluminescence detection with absolute limitdeaftection (ALOD) in the
tenths of ng range. Alternatively, LOD of 2udnol L™ (3.9 umol L) has been
achieved by light scattering [126], amperometritedgon using a gold electrode
(ALOD in the low ng for 20 pL of sample) [127] anbdy indirect
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photoluminescence by thliésplacement of the fluorophor tryptophan (Trymnfr
the non-photoluminescent Cu(Trygomplex (ALOD of 9 and 15 ng respectively
for kanamycin A and B) [128].

Derivatization of kanamycin witlo-phthalaldehyde and mercaptoacetic
acid has been used to enable the absorption phttordetection (at 355 nm) in
capillary electrophoresis (CE) analysis using aJfHborate buffer background
electrolyte solution. Two approaches were usedd@sivatization. First, analyte
was previously derivatized before introduced irte tapillary where an on-line
analyte concentration, using field amplified samglistacking, was performed.
The other approach was based on the reaction of ateyte with the
derivatization reagents after they were injectetb ithe capillary [129]. For
complex samples such as serum from tuberculosisnst a previous solid phase
extraction (SPE) on a weak cation-exchange phase peaformed. Limits of
detection (LOD) as low as 2.0 pg mlL3.4 x 16° mol L) was achieved.
Kanamycin was also determined by square-wave vaoti@imy using a mercury
film electrode in injectable pharmaceuticals. Aligh the method enabled a LOD
of 4.8 x 10" mol L™ the use of mercury is nowadays discouraged [130].

Determinations of kanamycin using nanodispositives/e also been
accomplished. Surface plasmon absorption of gotwparticles are shifted to red
in the presence of kanamycin due to electronic ldigipole interaction and
coupling between plasmons of neighboring particies the nanoparticle
aggregatesThis phenomenon was used to develop a method éwndietation of
kanamycin by measuring the plasmon resonance dicgitering, which lead to a
LOD of 2 x 10° mol L in the analysis of spiked human urine [131]. Tharge
in the absorption characteristics of gold nanopkedi aggregates has also been
used to determine kanamycin and kanamycin deriestifter binding with a
single-strand DNA aptamer with LOD of 2.5 x 3ol L™ [132].
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154 Thyroxine

A hormone is a chemical substance produced by aiadped gland,
which is carried to a target organ by blood streanby other body fluids. The
hormones can be grouped to several different cla@ntategories such as
polypeptides or proteins, steroids, hormones ddrivem amino acids or fatty

acids derivatives [133].

OH 0} OH
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Figure- 10- chemical structure of a. triiodothronine (T3) and b. thyroxine (Ty)

The normal thyroid gland is a discrete soft bodydenaip of a large
number of vessels that produce, store, and reldage key hormones:
triiodothyronine, also called T3 and thyroxine ot {Figure 10). The numbers 3
and 4 refer to the number of iodine atoms atta¢bezhch hormone. Thyroid cells
are the primary cells in the body capable of absgrindine, an essential nutrient.
The thyroid takes in iodine, obtained through fomdlized salt, or supplements,
and combines them with the amino acid tyrosineyeding them to T3 and T4.
A healthy thyroid produces a proportion of abou¥@26f T3 and 80% of T4. T3 is
the biologically active hormone that is used by tels and it is several times
stronger than T4. As needed, the body convertsntetive T4 to active T3 by
removing one iodine molecule. This conversion pssceis called
monodeiodination.

Thyroid hormones have a number of functions inelgd(i) enable cells to
convert oxygen into energy, (ii) help the body tedthe normally, (iii) help the

intestinal system to work properly, (iv) strengthaar, nails, and skin, (v) help
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the brain to function properly, (vi) help with noairbone growth, (vii) help the
body process carbohydrates, (viii) aid in the prdpactioning of muscles, (ix)
enable proper sexual development and functionirey (&h help the heart pump
properly and effectively [134].

A low secretion or even the lack of the productiénhe thyroid hormones
(hypothyroidism) results in a number of health peats [135] and the treatment
iIs based on the administration of thyroxine to pia¢ient in order to achieve a
regular maintenance of the hormonal deficiency. dtleyroxine (mostly
prescribed drug) is an artificial thyroxine hormamest used for the therapy in
thyroid dysfunction.

A limited number of analytical methods has beeroregal in literature for
determination of thyroid hormones,(@nd E) in diverse matrices. For example,
the indirect detection was carried out from eittiex inhibition of luminol—iron
(I) chemiluminescence or the enhancement of tleetelchemiluminescenoaf
Tris(2,2-bipyridyl)ruthenium(lll)-NADH. Detectionirhits of respectively 0.1 mg
LY (1.2 x 10" mol LY and 5 x 16 mol L' were achieved [136,137].
Electrophoresis has also been utilized for simeltars determination of thyroxine
and trilodothyronine in pharmaceutical formulatioAscarbon disk electrode was
applied as working electrode and the 0.05 mdlHorate buffers was used as
separation medium [138].

The use of high performance liquid chromatograptyPLC) for
separation and detection of two thyroid hormones &hd T, ) in dietary
supplements enabled quantifications down to O @PL™" (2.9 x 10° mol L)
after pre-column derivatization with 4- fluoro4fitrobenzofuran (NBD-F) [139].
Alternatively, the indirect detection of thyroxime urine has been achieved by
spectrophotomeric detection (226 nm) of iodide rafieparation in an anion
exchange AS4A column [140]. More recently, isotalletion liquid
chromatography/tandem mass spectrometry methodapylged for the pg mt
level determination of thyroxine in saliva [141].

The indirect photoluminescence detection of thymexias been achieved by
measuring the quenching effect on 7-hydroxycoumania Eu(lIl)-(Pyridine-2,6-
Dicarboxylate) Tris complex. LOD values of 3.4 x®8nd 2.0 x 10 mol L},
have been achieved [142-143]. Moreover, voltammetrethods based on carbon

paste electrode modified with phenyl hydrazine andactants (SDS, CTAB,
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Triton x-100) and glassy carbon electrode (modifigtth carbon nanotubes) were
developed for determination of thyroxine with kmeange from 2 x Ibto 1 x
10° mol L™ [144].

1.6 M otivation and aims of the work

The main goal of the use of nanomaterials in argalytchemistry is to
exploit their peculiar properties in order to impeowell-established analytical
methods or to develop methods for new analytesfanthe analysis of different
matrices. The use of nanoparticles may lead toongments in figures of merit
and might contribute with the overall reduction tfe complexity of the
procedures by minimizing the need for sample pmpar and also contributes
with the miniaturization/simplification of analyat systems. The use of
nanomaterials is one important trend in analyticaémistry and may bring
significant changes in this area. In this contextte of the most promising
nanomaterials are the semiconductor nanoparticjeantfum dots), which have
been used, for instance, as photoluminescent nabegifor the sensing of diverse
chemical species. The Applied Spectroanalytical Eledtroanalical Laboratory at
PUC-Rio (LEEA-PUC-RI0) has dedicated part of thegrentific efforts (human
resources and funding) in such direction, since year of 2009, in projects
dealing with the use of quantum dots, gold nanopeast and graphene. In 2012,
the first scientific articles from the group repog analytical applications of
quantum dots have been accepted for publicaticiotédh of three). The present
Thesis is the first one of this research groupimglyexclusively on the use of
nanomaterials in analytical chemistry. It descrilpest of the efforts made to
master the synthesis and funcionalization of quantiots (simple quantum dots
at first) as the necessary commercially availablengqum dots are quite expensive
and their availability, especially in the case offace modified quantum dots, is
limited. Besides producing the quantum dots, thesemt work focused on the
characterization of these nanomaterials using reiffieapproaches and techniques
aiming to access their quality and to evaluatertpetential as selective sensors.
Analytical applications involving the use of thenslyesized quantum dots as
sensing probes in aqueous dispersions were propasddtheir performance

evaluated, however, because of the original oriemtaf the work and the lack of
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time, it was not a goal to exhaust all of the pgafises of these methods and the
procedures involved. Therefore, there is still rofon improvements in these
methods especially in terms of fully exploring them the analysis of real
samples.

The main goal of this work was to exploit the stahding properties of
water soluble thioglycolic acid-CdTe (TGA-CdTe),ntercaptopropionic acid-
CdTe (2MPA-CdTe) and cystein-ZnS (cys-ZnS) nandgdag as
photoluminescent probes for sensing histamine, rkgoen, captopril and
thyroxine in diverse samples. All the proposedagltprobes relies on the strong
photoluminescence from these materials. The agudpersion of nanoarticles
probes operate on the fact that under optimizedceraxg@ntal conditions, the
photoluminescence emission intensity originatingnfr the recombination of
photogenerated electron-hole can be altered irptbsence of these analytes of
the interest.

The photoluminescence variations (responses) raagitber quenching or
enhancement in photoluminescence emission inteniiig concept provides the
basis to exploit their properties as simple, inegdee, sensitive and selective
photoluminescence probes for small molecules theksl strong chromophore
groups. The proposed photoluminescence probes abeduse of chemical
derivatization procedures.

In order to achieve the main goal of the work, tobowing tasks were
performed,;

* Synthesis of carboxylic acid thiol capped Cdihe ZnS quantum dots;

» Characterization of these nanomaterials by varispectroscopic and
microscopic techniques;

» Optimization of experimental parameters (conceiunadf quantum dots,
pH of dispersion, time and temperature, etc)fpoobing of histamine,
kanamycin, captopril and thyroxine;

e Detailed study of the interactions between quandots and analytes;

« Evaluation of the analytical potential of the cptiprobes;

» Study of selectivity in terms of possible interfeyisubstances that may
exists in samples of interest;

» Applications of proposed approaches in the anabyfsitverse samples.
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