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ABSTRACT

Quantum dots (QDs) of direct band gap semiconductmmium sulfide (CdS) were synthesized using agueo
CdChL and NaS by microemulsion method at 303 K. The cationifastant cetylpyridinium chloride (CPC) and co-
surfactant 1-pentanol were used in water in heptamelsion to form reverse micelles. The broad Xeifiyaction
pattern and clear lattice fringes in the high-ragiidn transmission electron microscope (HRTEM) ismmdicate
cubic phase of the CdS nanocrystals. The zerordilmeal nature of the synthesized particles wagolkesl in the
field emission scanning electron microscope (FESEM)ge. The average size of the obtained nanopestiwas
4.8 nm. Optical properties revealed that the chaofjband gap energy from its bulk value of 2.4 ® &V due to
the typical quantum size effects. Blue shift wanked in the photoluminescence (PL) spectrum.

Keywords. nanoparticles, nanocrystals, quantum dots, cadnsulfide, cetylpyridinium chloride, reverse micelle,
micro emulsion, QDs, CdS and CPC.

INTRODUCTION

The synthesis and characterization of semicondu@ios of size less than 10 nm have been extensstatjied in
the past three decades because of their physivainical, and electronic properties change dranibtice to
guantum confinement effects when their sizes beaoongparable to the Bohr exciton radius [1-2]. Ameagous
kinds of II-VI compound semiconductors, CdS is widgudied due to the band-gap energy (2.4 eV)tiegsn the
visible region [3], which is suitable for photowailt cells [4] and light-emitting diodes [5]. Welh&wn QDs
synthetic routes are hot-injection [6], solvotheknydrothermal [7], hydrogel [8], microwave [9]leetrochemical
[10] and reverse micelle [11]. The reverse micefiethod is a wet synthetic technique for obtainiagatrystals
with narrow size distribution and good mono-disfgrg12]. This technique does not require any spleci
instruments or extreme conditions. Reverse micgligthesis of CdS quantum dots by the surfactant EEWas
reported bylan Harvey Jet.al. [13]. In this work, the capping agent CP@&swirst time employed with the co-
surfactant 1-pentanol in water/heptane emulsiagytdhesis CdS QDs.

MATERIALSAND METHODS

In this synthesis Cd€(GR, Merck), NaS (Merck), 1-Pentanol (GR, Merck), heptane (GR, ddgrmethanol (GR,
Merck) and CPC (AR, Sigma-Aldrich) were used withéurther purification. The 18.2 ohm cm (Millipof@irect-
Q3 UV) purified water was used for preparation aghing in all reactions.

Characterization

The prepared CdS nanopowder was characterized<bsag DiffractometerRAYOS-X with monochromatic CuK
(A=1.54060 A) radiation. The UV-Vis absorption speoirof the sample was recorded in the range 200r800
employing a double beam Varian Cary 5E spectromefbe photo luminance study was done on the CdS
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nanoparticles using Jobin Yvong flurolog-3-11 spaftdrometer. FESEM image was obtained frénE | Quanta
FEG 200High Resolution Scanning Electron MicroscopdRTEM image was taken usidgOL 3010.

Synthesis

10 g of CPC was mixed in 50 ml of 1-pentanol formidiute using magnetic stirrer. The solution waaiagtirred
in 200 ml heptane for 20 minutes. 10 ml aqueousIC(C5 g) was added drop wise in the above solutoiorm
micro emulsion. Similarly micro emulsion for 10 mbueous N (.485 g) was prepared. f}$aadded micro
emulsion was added drop wise in the Gd&lded micro emulsion within 10 minutes. 50 ml ima@bl was added
and left for some time. It was observed that theongarticles were floating on the solution whichsvegparated by
a separating funnel and washed five times by wateemove the surfactant and water soluble matdrfamally
washed it by methanol five times to remove othgaaic matter. The residue was dried in open aiofar hour and
kept inside the desicater with Ca@r 12 hours. The obtained powder was anneal8@&K for 3 hours.

RESULTSAND DISCUSSION

The powder XRD pattern of the CdS QDs. in the Eighows broad peaks indicating the small sizes@®fQDs.
The XRD peaks at 26.825°, 43.875° and 51.925° spamrd to the crystal planes (1 1 1), (2 2 0) antl {3 of the
cubic CdS phase (JCPDS 10-0454) respectively. Vheage size of the QDs calculated from (2 2 Okewrtibn by
the Scherrer formula [14], [15] was about 4.8 nm.

The UV-visible absorption spectrum in the Fig. 2wh the first absorption peak was absorbed at 480 n
Photoluminescence (PL) spectrum was observed fitation wavelength 480 nm and exhibits a blue hastence
spectrum as shown in the Fig. 3. The photolumingsEenaximum was observed at 441 nm which is eqeitab
the band gap energy of 2.81 eV .The quantum comiémt effect is the reason for the blue shift in the
photoluminescence maximum than the bulk CdS. Theghlminescence in the direct band gap semicondusto
due to the recombination of excitons [16]. TRESEM image in the Fig.4 shows the zero dimensional garti
nature of the CdS QDs. The EDAX spectrum in the Bighows the elemental composition of the syntleesCdS
QDs. The average particle size was determined &sm. from the HRTEM image in the Fig.5. The reguad
clear lattice fringe patterns in the HRTEM imagéhis evidence for the crystalline nature of thetlsgsized QDs.

The reverse micelles are formed in the water/heptmulsion by the surfactant CPC and the co-suanfiact-
pentanol. The reverse micelles encapsulated thecaguCdGl and NaS separately in the separate emulsions.
During mixing, the micelles are colliding causirtietfusion of a micelle containing €dand another micelle
containing  which results in the formation of CdS entrappedimicelle. This controlled release of precursors
prevents rapid precipitation thus controlling tieesf the particles formed and preventing coaguiatl 3].
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Fig.1 X-ray diffraction pattern of CdS QDs Fig.2 UV-Vis Absorption spectrum of CdS QDs
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Fig.3 Photoluminescence spectra of CdS QDsfor the excitation
wave length 380 nm
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Fig.5 EDAX image of CdS QDs Fig.6 HRTEM image of CdS QDs

CONCLUSION

The direct band gap semiconductor quantum dotsadimaum sulfide have been successfully synthesinethe
room temperature by CPC reverse micelles. The Ga®arystals formation mechanism was discussed ciystal
structure, surface morphology, elemental compastiod particle size were studied from the XRD, FESEDAX
and HRTEM images. Optical properties were studiedugh UV-Vis and PL spectra and its band gap gness
determined.
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