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Two novel methods on the syntheses of uniform CdS particles in large quanitities had been established.
The first method is the preparation of uniform CdS partocles from CA(OH):. suspension in a basic medium.
The second method is the generation of uniform CdS particles in concentrated homogeneous solutions. Uniform
ZnS particles were also obtained employing analogous procedures for generating uniform CdS particles in ho-
mogeneous systems,

For the first method, uniform CdS particles having an average diameter of 40 to 100 nm were prepared
by aging for 1 hour at 20°C with agitation, 1.0 mol dm~® Cd(OH): suspension containing 1.1 mol dm™?
thioacetamide, CHsCSNH,(TAA), 1.0 mol dm~3 NH.NO;, and 1wt% gelatin, in the presence of ammonia at
different concentrations. The resulting uniform and nearly spherical particles of CdS prepared under the
standard conditions were 40nm in mean diameter. The crystal structure of the resulting CdS particles was
similar to that of hexagonal greenockite. The CdS particles appeared to consist of randomly oriented much
smaller subcrystals (8.60 nm), implying their polycrystalline property. No uniform CdS particles were formed
when gelatin was eliminated from the standard conditions, or when pH was adjusted with NaOH, instead
of NH;. The size of the CdS particles can be controlled by varying the concentration of NH; in the system.
At a high pH with ammonia, the nucleation of CdS was relatively suppressed due to the remarkable improve-
ment of particle growth because of nucleation and growth competitive.

The formation mechanism of the uniform CdS particles basically proceeded through rapid dissolution of -
Cd(OH); particles induced by the reaction of Cd?* ions with S~ ions liberated from TAA in the solution
phase. The reaction was finished in ca. 1 minute under the standard conditions. The CdS particeles were
formed by a spontaneus mucleation upon the instantaneous addition of TAA. The use of Cd(OH): as the
solid precursor served as a solute reservoir for the Cd** ions releasing CA(NH;)<#* complexes by the solvent
action of NH; added in the system during the growth process. The NH;:-NH{ buffer system served two
roles : as a pH buffer and a solvent. As a pH buffer, it maintained a steady supply of Cd?* ions during the

growth process. As a solvent for Cd** ions, the CA(NH:).* complexes kept the growth rate of the CdS
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particles sufficiently high, maintaining the supersaturation low enough below the critical level for nucleation.
The gelatin mainly acts as a block for the Cd(OH): inhibiting a direct reaction of the S*~ ions onto the dis-
solving Cd(OH): particles. It also prevented coagulation during the formation of the CdS particles.

The polycrystalline structure of the CdS particles implies that their formation was possibly by aggregation
of smallr subunits which aggregated in an orderly manner forming larger uniform particles. Investigation was
conducted by altering the mode of addition of the TAA. Such tests were conducted basing from the
formulated zoncept with the established standard conditions, which illustrated a spontaneous CdS nucleation
upon the instantaneous addition of the TAA. Hence, altering the mode of addition of the TAA, that is, by
two-step addition of the required volume of TAA at a specified interval, or a continuous addition of the TAA
is to expected to give very small particles as a result of renuceation during the consecutive addition of the
TAA. So that if the growth mechanism was by aggregation process, these small particles should aggregates
effectively onto the larger particles eventually fotming larger and more uniform particles. However, on the
contrary, for the two-step addition process, the particles formed were bimodal in size distribution. For the
continuous addition process, the particled formes were polydispersed. Such findings illustrated that the parti-
cles generarted under the established standard conditions were not formed by aggergation process. At the
outset, they must have grown through deposition of diffusing monomeric species such as CdS molecules
formed in the solution phase onto the surface of the growing particles, or a surface reaction of Cd%* ions
with 82~ ions on the surfaces. In addition, the unform growth of the CdS particles was achieved by the con-
trolled dissolution of the Cd(OH). without aggregation of the growing particles CdS after an instantaneous
nucleation.

It was also found that S~ ions were furnished through a reaction : CH;CSNH: 2CH;CN+2H* +82~. The
liberation of S%- ions of a very low concentration may immediately react with the Cd?* ions and their
ammonia complexes, which must have enhanced the reaction of TAA into CH;CN+H;S, and the dissolution
of Cd(OH);, to a great extent. This reaction was exceedingly accelerated by the rapid consumption of the
S%~ ions so that it is thought to be a reversible reaction, though the equilibrium concentration of CHsCN and
H:S in the absence of Cd’* ions are extremely low. Moreover, the TAA dissociation can easily maintain an
equilibrium after the S® ions were used up by the reaction with the Cd%* ions which were rather concent-
rated, apparently because the recovery to maintain an equilibrium was quite rapid, so that the supply of
S?~ ions cannot be the rate-determining step. The overall reaction for the formation of the unform CdS par-
ticles from Cd(OH). suspension, with TAA as the source of S?~ ions can be written as : CHs; CSNH, +
Cd(OH) ,—~CdS+CHsCN +2H,0.

For the second method, uniform CdS particles were generated from a reaction mixture containing : 0.24 mol
dm~? in Cd(OH):, 0.24 mol dm~® in TAA, EDTA-2Na (ethylenediaminetetraacetic acid, disodium salt),
which is, 1mol% in excess of the Cd(OH). concentration, 1.6 mol dm~* in CH;COONH,, 0.048 mol dm™3 in
NHs, and 1wt% gelatin, by aging at 60°C for 8 hours with agitation. With the above preparation
procedures, the Cd(OH), particled were totally dissolved giving a clear starting solution. At the outset, the
resulting CdS particles having a mean diameter of 0.54 gm showed major XRD line characteristics similar to
that of cubic B-CdS. The obtained CdS particles also illustrated a polycrystalline structure, with the
subcystal size calculated to be 24.80 nm. With the homogeneous system, the maximum growth of the uniform
CdS particles was obtained after 8 hours of aging, compared with the CdS particles obtained from Cd(OH),
suspension whose growth was almost finished in about 1 minute. This is because the concentrations of free
Cd** ions and Cd(NHs)2* complexes in equilibrrium with Cd(OH), were much higher than those in equilib-
rium with the Cd-EDTA complexes, so that the driving force to release Cd** ions from the Cd(OH): was
much greater than that of the Cd-EDTA complexes.
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Despite the polycrystalline structure of the CdS particles, the larger uniform particles were not formed by
way of aggregation of smaller CdS particles which was confirmed by conducting an investigation which was
similar to that employed on the formation of CdS particles from Cd(OH). suspension. Further, the subcrystal
size of the CdS particles obtained in the concentrated homogeneous solution was much ‘larger than the CdS
particles generated from Cd(OH). suspension, because the supersaturation for the formation of the surface

nuclei as an elementary step of the growth process was much higher in the latter method.

Similar to the first méthod, when gelatin was eliminated from standard system, no uniform particles were
obtained. And when EDTA was eliminated from the established standard conditions, very small spherical par-
ticles with a rather higher yield were generated in less than 2 minites aging, while in the absence of the
CHsCOONH,-NH; buffer system, polydispersed particles with very low yield were generated after 8 hours of
aging period.

The effect of varying the concentration of EDTA<2Na on the formation of the CdS particles were also in
vestigated. With the standard conditions, the concentration of EDTA+2Na was 1mol% in excess of the Cd%*
ion concentration, Larger and uniform CdS particles with a yield of 96.09% were obtained after 8 hours of
aging. When the concentration of EDTA was 1% lower than the Cd(OH). concentration, very small parti-
cles were obtained with a yield of 97% were obtained after 6 hours of aging. Further decreasing the concen-
tration of EDTA down to 30% lower than the concentration of the Cd(OH). gave very small particles with
a yield of almost 100% after 2 hours of aging. These results will show that if EDTA is deficient, tremendous
number of nuclei were formed as a result of higher concentration of free Cd®* ions. Such findings also illus-
trate that the S?~ ions do not directly react with the Cd-EDTA complexes.

Ammonia, as a pH buffer and as a solvent was essential on the formation of uniform CdS particles. The
effect of other buffer systems were investigated by eliminationg CHs COONH.-NH;: buffer system from the
standard condition and employing other buffer mixtures, where, a CH;COONa-NaOH buffer system and
using NaOH only, were investigated separately, In the standard condition where CH:COONH,.-NH:s was used
as the pH buffer, uniform CdS particles were obtained. On the other hand, polydispersed CdS particles were
obtained when CH;COONa-NaOH, or when only NaOH was adopted. The pH change difference when
CH;COONH.-NH; buffer system after 8 hours of aging was quite small compared with other two buffer
system. At the outset, the yield obtained when CH;COONH,.-NH: buffer system was employed, was obvi-
ously larger.

In each investigation, wherein CH3sCOONH,-NH; buffer system, CH;COONa-NaOH buffer system, and
NaOH were used, the obtained yield were 96.0%, 2.2% and 1.8%, respectively. From the obtained size of the
CdS particles, the particle number and growth in each investigation were also calculated. In the presence of
NHs in the buffer system, the calculated particle number was obviously higher. Such result illustrate that
NH; accelerated the rate of nuclei formation. At the outset, the calculated growth rate in the presence of
NH;s which was 100-fold higher than the other two buffer systems, clearly illustrates that NHs also acceler-
ated the growth of the CdS particles.

Disregarding the pH effect, the effect of NH; in the formation was investigated with the pH of the aging
sol kept constant along the aging process. In the standard system wherein 2.0 mol dm™% CH;COONH. and 0.6
mol dm~® NH; were added, uniform CdS particles with a yield of 69.9% were obtained. When the concentra-
tion of NH; was decreased, the particles became polydispersed and the yield decreased, even when the pH of
the aging sol was kept constant. Such findings clearly illustrate that even at a constant pH, the effect of
NH: on the formation of the CdS particles is significant.

During the formation of the uniform CdS particles, the supersaturated CA(NH;)+* complexes and Cd?*

ions of high equilibrium concentration, in which the concentration of Cd(NH;)<#* complexes was much
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greater, and both of which was higher than the critical supersaturation level participated in the nucleation
which resulted to a spontaneous formation of the CdS nuclei. After the particle nucleation and rapid growth,
the concentration level of the Cd?* ions in the equilibrium dropped down below the critical supersaturation
level. Consequently, in the presence of NHj; a larger number of particles were formed, so that during the
growth stage, the consumption rate of the Cd®* ions released from the Cd-EDTA complexes, which mainly
served as the reservoir for the Cd®* ions, was sufficiently high, maintaining the concentration of Cd?* ions
in equilibrium below the critical supersaturation level, and thus preventing the formation of new nuclei.
Moreover, monodisperse ZnS particles with a mean diameter of 0.77 um were prepared adopting analogous

preparation procedures. The ZnS showed XRD peaks similar to that of sphalerite.
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