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Abstract. The synthesis of ultrafine cadmium sulphide quan-CaS— ZnS + CaCh. In this paper we report the synthe-
tum dots by mechanochemical reaction has been studiesis of CdS quantum dots of 4 t@ nm in diameter by the
using X-ray diffraction, transmission electron microscopymechanochemical displacement react@iCh + NapS —

and UV-VIS absorption spectroscopy. The solid-state dis€dS+ 2NaCl

placement reaction o€dCh + NaS — CdS+ 2NaCl in- The starting materials used in this study were anhy-
duced by mechanical milling resulted in the formatioiCdfS  drousCdChL powder §9.9%%), Na pieces $9.9%), S powder
particles with an average diameter ofé<nm The average (99.998%) andNaClpowder £9.9%) as a diluent. ThE€dCh
particle size was controlled within the range of 48tamby  andNaCl powders were dried under vacuumz0°C prior
varying the size of the grinding media. The onset energy ofo use. The reactants were sealed in a hardened steel vial with
optical absorption showed a blue shift with decreasing parsteel balls under a high-puritfr-gas atmosphere. Milling

ticle size. was performed with a Spex 8000 mixer/mill using a ball-to-
powder mass ratio of 101 and ball sizes of 8 to 12.6 mm
PACS: 78.66.Hf; 81.05.Dz; 81.05.Ys Following the milling, theNaClwas removed by washing the

as-milled powder 5 times with deionised, deoxygenated water
and dried under vacuum at room temperature.

The structure of the powder was studied undeAarmgas
During the last decade semiconductor quantum dots hawmosphere with a Siemens D5000 X-ray diffractometer with
attracted considerable attention in many fields of PhysicSCuK, radiation. The average crystallite diameter was de-
Chemistry and Engineering [1-3]. When the dimensions ofermined from the linewidth of the X-ray diffraction spectra
semiconductor particles approach the exciton Bohr diameteusing the Scherrer formula [18]. The morphology and particle
dramatic changes in optical and electrical properties are exize were studied using a Philips 430 transmission electron
pected due to the quantum confinement effect [4]. Thesmicroscope (TEM) equipped with an energy dispersive spec-
properties are controllable to a certain degree, making semirometer for composition analysis. UV-VIS optical absorption
conductor quantum dots very promising for a number of despectra were recorded with a Milton Roy Spectronic 3000
vice applications in microelectronics, non-linear optics andArray.
other fields. The startingNaS powder was prepared by milling stoi-

CdSis a II-VI semiconductor with a direct band-gap of chiometricamounts dflaands, together witiNaClas a dilu-
about2.4 eV and has a wide range of applications includingent to prevent combustion and enable well separated particles
phosphors and photovoltaic cells. The exciton Bohr diametasf NapS to form [17]. The volume ratio oNaCl to NapS
in CdSis 8 nm and quantum size effects are expected fowas 10: 1. It was found that milling for 1 hour with2.6 mm
smaller particle sizes. Many synthesis methods for produdadiameter grinding balls resulted in the formatioriNzb S hav-
ing CdSquantum dots have been previously studied [5—10]ing a crystallite size of- 30 nm
Recently, Ding et al. [11-16] have shown that nanoparti- CdChk was added to the mechanically alloyed mixture of
cles of a number of metals and oxides includigy Cu, Ni,  NaS and NaCl in the stoichiometric amount to fori@dS
Co, Al»03, Feo0O3 and ZrO;, can be synthesised by a nov- The volume ratio olNaCl to CdSin the product phase was
el method involving the mechanical activation of solid-statel6: 1. The NaCl diluent was left in the starting powder to
displacement reactions, either during ball milling or duringfacilitate the formation of separatgdS nanopatrticles in the
subsequent heat treatment. Tsuzuki et al. [17] have synth&aCl matrix during milling [17]. X-ray diffraction patterns
sisedZnS nano particles of 73-nmin size in a salt matrix showed that milling for 1 hour witi2.6 mm diameter balls
by mechanochemical processing via the reac#mCl, +  was sufficient to complete the reaction. The colour of the
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powder was found to change with milling, becoming morea transmission electron micrograph of the sample milled

yellow as the milling time increased. No changes in thewith 4.8 mmballs and subsequently washed. Using dark field

diffraction patterns or powder colour were found after millingimaging, the individual particles are found to be single crys-

for longer than 1 hour. tals. The particle sizes are in the range of 8m and more
Figure 1 shows the X-ray diffraction patterns of washedthan50% of particles have sizes between 4 & in good

samples, which were milled to completion of the reactionagreement with the X-ray diffraction measurements of par-

with ball sizes varying from 8 to 12.6 mm The correspond- ticle size.

ing line spectra of bulk hexagonal (wurtzite) and cubic (zinc  Figure 4 shows the absorption spectra of the samples

blende) structures [19] @dSare shown for comparison. The milled with 4.8 mmand12.7 mmballs at room temperature.

diffraction pattern of the sample milled witt?.6 mmdiam-  The powders were washed and dispersed MaPQ)s aque-

eter balls consisted of peaks associated with both the cuba@us solution. The absorption onset for the sample milled with

and hexagonal phases. The peaks associated with the hexa@-7 mm balls was510 nm which is nearly the same as that

onal phase diminished with decreasing ball size and only thior bulk CdS(515 nn) [5]. This is consistent with the fact that

cubic zinc-blende phase was evident in the diffraction patterthe average particle size in this sampléi83 nm just above

of the sample milled witl4.8 mmballs. the exciton Bohr diameter. On the other hand, the absorption
The diffraction peak a44° was used for determining par- onset for the sample milled wi#h8 mmballs was shifted to-

ticle sizes to avoid convolution of the peaks from hexagonalvard lower wavelength. Since the cubic and hexagQus

and cubic phases. As shown in Fig. 2, thdS particle size have virtually the same band gap energy [21], this blue shift

decreased with decreasing ball size, reacHdi8gmin sam-

ples milled with4.8 mm balls. The effect of ball size on the

CdSparticle size appears to be due to the decrease inthe en- 9 T I T I

ergy of ball powder collisions with decreasing ball size. Pre-
vious measurements in Spex mills have shown that changesin g L i
milling parameters which decrease the collision energy resuli~
in a decrease in the crystallite size of milled powders [20]. 7
TEM measurements showed that the milled powder con— B N
sisted of unagglomerated, nanosized particles. Figure 3 show§
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Fig. 2. Effect of ball size on the averagedS particle size determined from
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Fig. 1. X-ray diffraction patterns of milled and washed powders. The ball /"
sizes are indicated in the figure. The corresponding line spectra of hexagu- -
nal (wurtzite) and cubic (zinc blende) structuresGafS are also shown for  Fig. 3. Transmission electron micrograph 6dS particles synthesised by
comparison milling with 4.8 mm balls
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Fig. 4. Optical absorption spectra of the sample milled with 12)7 mm,
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threshold forCdSquantum dots as a function of particle size. ;,
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balls, which was determined as the wavelength of the in-15.

flection point of the absorption spectrum [22], w&80 nm
According to their results, an absorption threshold 80 nm
corresponds to a particle size f4 nm, which agrees well

with the size estimated from the X-ray diffraction measure-17.
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ments. The absorption shoulder aroda® nmmay represent
a 1s-1s exciton state [1, 23].
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I1I-V semiconductor quantum dots in an economical and ef-
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