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ABSTRACT

Quantum dots (QDs) are nano crystalswith tunabl e energy level swith respect to size, shape and charge potential . Presently, the
channel structure of zeolites, traditionally used as an adsorbent, was used as the substrate for the fabrication of CdTe QDs
under inert environments. The unique structure of zeolitesis used asreaction chambersfor the fabrication of uniformsize QDs.
We successfully fabricated L-cysteine capped, highly fluorescent CdTe QDs on zeolite substrate at Cd*; Te*: L-Cysteine molar
ratioas1: 1. 19. Newly fabricated CdTe QDswere characterized by FTIR, XRD and SEM. The newly fabricated CdTe QDshasa
great potential in biomedical applications in transporting therapeutic and diagnostic agents.
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INTRODUCTION

Recently researchershavepaid atention to construct
digtinct varietiesof nanomaterid ssuch asquantum dots,
due to their extensive usage in numerous fieldg*2,
Quantum dots (QDs) are semiconductor nanometer-
sized crystals derived from semiconducting bulk
materias. Theoptica propertiesof theQDsarelargdy
dependent on the particle size®l. Among many QDs
such asCdSe, ZnS, CdTe, CdS, InPand ZnSe, CdTe
areextensively used in biomedical applicationswith
variousmodificationseven though Cd containing QDs
are considered to be highly cytotoxic™.

Among several methods utilized to synthesis

guantum dots, hydrothermal synthesis and
organometallic methods are widely used>®. Thenano
QDsfédbrication requiresinert environments. Because,
synthesis, functionalization, storage and fabrication of
good quality QDsare performed under very controlled
inert atmospheredueto following threereasons. Firdtly,
many precursorsfor QD synthesisarehighly susceptible
towardsdegradation by moisture and oxygen. Secondly,
presence of oxygen during high temperature synthesis
lowers the yield of desired QDs with concomitant
formation of metal oxidesasonesideproduct aswell
as produce low quality QDswith many surfacetrap
states”. Thirdly, as prepared QDs are susceptible
towards surface oxidation in presence of moisture,
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oxygen and light with generation of surfacetrap states
and gradual decay of their luminescenceintensityf.

Materid swith distinctly defined cavitiesare used
to synthesize QDS9. Thesewell-defined zones can be
regarded as nano-confinementsas reaction chambers.
In thiscontext zeolites can be considered asdedl hosts
for thegeneration of highly uniform discrete QDswith
sizessmaller thanits pore cavity size (20 nm). Under
inert conditions, thereaction cavities of zeolite protect
QDs against interactions with water, air and other
compounds. Dueto theuniquegeometry of zeolitesthe
QDs can be fabricated with uniform morphol ogies.
Presently we used zeolite reaction chambersto confine
Cd?" under inert atmosphere. To stabilize, the surface
of QD were capped with thiol groupsin cysteing04,
Surface modified QDs are used in many biomedical
gpplicationssuch asimmunofluorescence assays, tissue
engineering, DNA array technology, targeted drug
delivery and other cell biology techniques where
fluorescence measurementsare occupied.

Thetunableoptical propertiesof QDshavegained
alot of interest. With these optica properties, QDsuse
invariousapplications, such assensors, drug delivery
and biomedical imaging. QDsdiscernthemselvesin
offering many inherent photophysica propertiesthat are
enviablefor the purposesimaging and targeted drug
delivery®., QDs are nanometer-sized radiant
semiconductor crystalsand haveinimitablechemicd and
physica propertiesduetotheir szeand highly squashed
sructure. Thisenablethesynthesisof QDsfor rlevance
ininvivoimaging including live-cdl and whole-anima
imaging, blood cancer assay, and cancer detection and
treetment. QDscongtitutethe part of technol ogicd future
having intriguing and useful properties™®. They have
ability to emit light when any source of energy excites
their electrong®®4,

METHODOLOGY

M aterialsand methodology

CdTe quantum dotswere synthesized according to
the procedure published by Kim et al (2015)1** with
modificationsusing zeoliteinthemedium. Briefly, under
ultra-sonication, L-Cysteineand Zeolitewasadded in
todeionized (DI) water containing CdCl,,. Themixture
was sonicated for 50 minutes at 40 °C. The pH was

adjusting until pH reaches 8. Thetemperature of the
solution was brought up to 100 °C. At the meantime,
Teand of NaBH, ,wasaddedinto asededvial bottle
containing 600 uL of DI water and heated at 50 °C for
30 minutes. Themolar ratio of Cd?*: Te*: L-Cysteine
was maintained as 1: 1: 19. When the temperature
reached to 100°C, Te? precursor solution wasinjected
suddenly, using asyringe. Sampleswere collected at
different reaction timeintervals (0.5, 2 min, 5min, 10
min, 30 minand 50 min).

Characterization

X-ray diffraction (XRD) spectroscopy patterns of
powdered specimens were obtained using Rigaku
UltimalV automated diffraction system. Theinfrared
spectra were collected by Nicolet iS-50 Fourier
transform infrared spectrophotometer (FTIR), scanning
€lectronic microscope (SEM) and energy dispersivex-
ray spectroscopy (EDS) analysis by FEI Quanta
400FEG=EDAX Genesis X4M high resolution
scanning electronic microscope and absorption
spectra by UV-2100 UV-vis spectrometer.

RESULTSAND DISCUSSION

ThezeoliteA structure consists of sodalite (or 5)
cagesand largea-cages with 11.7 A diameter, which
are bounded by eight sodalite cages®®l. The effective
diameter of the 8-ring windows depends strongly on
theidentity of theseions. The 8-ring diameter inthis
caseis4.4 A. The diameters of Cd?", Te?, and Te? are
1.6,4.2,and 4.4 A, respectively. Comparing these ionic
and atomic sizestothesize of the 8-ring, it isapparent
that the diffusion of Te’ and Te? will be much slower
than Cd?* inthese a-cages™®. Aqueous Cd?* ionswere
introduced to the zeolitic mediawhich migratethrough
the pores and creating inert conditions. These
phenomenawill prevent to interaction of Cd? with
atmospheric O, or CO,,

Characterization of L-cysteine capped CdTe
guantumdots

FTIR spectraof both L-cysteine and L-cysteine
capped CdTeQDsareshowninFigure 1. L-cysteine
haspotentialy threebinding sitesi.e., —thiol, amino and
carboxylategroups. peaksareassignedin TABLE 117,
In the FTIR spectra of CdTe capped by L-cysteine
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thesebandsfor —SH are absent. This arises because of
the cleavage of the S-H bond and the formation of new
Cd-S bond. This observation provides a clear evidence
of surfacebonding of L-cysteinewiththe CdTe QDs.
The sharp peaksintheregion of 1040-1580 cm™ in
the case of L-cysteine became weaker and get merged
at three broad peaksin the case of L-cysteine capped

hpy W

Transmittance %

1 " 1 " 1 " 1

—— oy,

CdTe, whichisprobably dueto the changein pH and
changein the dipole moment when L-cysteine binds
withthemetd surfacewith high electron dengty. It can
al so be seen that the characteristic frequency at 1400
cm!' and 1580 cm!, which corresponds to COO-
symmetric stretch and NH, asymmetric bending mode,
respectively are present in both the spectra®.

~"Te)
e -
g

f/ :
e

500 1000 1500

Wavenumbercm

2000

2500 Jooo0

3500 4000

Figurel: FTIR spectraof (a) L-cysteing, (b) L-cysteinecapped CdTe QDsin zeolatic mediaand (c) L-cysteinecapped CdTe

QDs
TABLE 1: Peak assigning for L-cystinecapped CdTeQDs

Peak position/ cm™ Peak Assigning

1595 -NH2 Asymmetric bending
1400 COO Symmetric stretching
3500-2700 -OH, -NH Symmetric vibration
1130 -NH;" Rocking
1480 -COO- Asymmetric gretching
1380 -COO- Symmetric stretching
1040 -CN- Stretching
~2500 -SH Stretching
%60 -SH Bending
XRD studies

XRD pattern givesinformation about crystalline
structure, grain size, and strain. XRD studies were
carried out for the powder samples and the typical
diffractograms of L-Cysteine capped CdTe QDsin
zeolitemediaareshown in Figure 2. However, dueto
predominanceof XRD pattern of zeolite, it difficult to
distinguish the corresponding XRD patternsfor CdTe
QDs. Therefore, corresponding peaksfor CdTe QDs

indicatesin expanded imagesin Figure 2. The broad
peaks confirm the nano-crystalline nature of the
samples. The peaks were observed with the XRD
pattern of zeolited'¥. AsshowninFigure2, XRD peaks
observed at the angles (20) of 26.3, 43.5 and 51.5
corresponding to thereflectionsfrom (11 1), (220)
and (31 1) crystd planesrespectively. Thecrystaline
structure of L-cysteine capped CdTe QDs was
confirmed with acubic zinc-blende structure. Further,
minor peaksobserved at 24.81, 28.1, 35.91 and 47.52
correspondto (100), (101),(2102) and (10 3)
planes, respectively®,

SEM studies

The morphological and surface behavior of L-
Cysteine capped CdTe QDs were investigated with
scanning electron microscopy. It clearly indicates
formation of rod type CdTe QDsonthe cubic structure
of the zeolite surfaces. Rod type particles bunched
together to form spherica structure of zeolite surface
to minimizesurface charges™24,
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Figure2: XRD pattern of CdTeQDsin zedlitemedia. Corresponding XRD peaksfor CdTeQDsindicateswith “*” in expanded

images.
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Figure3: SEM imagesof synthesisCdTe QDsin zeolatic media.

UV and fluor esce spectr oscopy

Figure 4 showsthe UV absorption and emission
spectraof CdTe QDssynthesized with L-cystineasa
capping agent for different synthesizing timedurations.
All samples exhibited the well-resol ved absorption
maxima of thefirst electronic transition. Dueto the
guantum confinement effect, ared shift of theabsorption

edge could be observed with the increment of
synthesizing time, indicating the growth of CdTe
QDs?,

From theabsorption spectra, the band gap for pure
CdTeQDswasdeterminedto be 1.7-2 ¢V, which is
higher than the bulk CdTe (Eg = 1.45 €V) due to
quantum confinement, i.e. theband gap va ue could be
attributed to the small size of the QDs. At the same
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Figure4: Image showsthe synthesized CdTe QDsunder (a) normal light and (b) UV light irradiation, (c) UV-Visadsor ption

spectrum and (d) fluor escence spectrum

timetheoptica band gap of CdTe:CdSnano-composite  conflictsof interestin any financia or nonfinancid.

phasewasdlightly increased over the pure CdTe QDs
dueto thelowering of absorption edge®.

CONCLUSIONS

We fabricated water-soluble L-cysteine capped
CdTeQDsinzeolitemediawhere zeoliteisused asan
agent to connoteaninert environment without disrupting
zeoliteframework. The CdTe QDsare decorated on
zeolite surface. Highly fluorescent CdTe QDs can be
used asadrug carrier in biomedical applications.
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