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In recent years colloidal semiconductor nanocrystals become important substances for various applications.
Scientific areas such as photovoltaics, biology, electronics and photocatalysis are just a fraction where colloidal
semiconductor nanocrystals can be used. The one makes the nanocrystals so attractive is their optical and electrical
properties. Systematical control of the absorption and luminescence is an example, which allows integration of the
nanocrystals into glass filters. The microscopic phenomenon in general determines the application field in macroscopic
dimensions. Moreover, the microscopic phenomenon is often related to nanocrystals sizes and shapes. For example the
color variation in nanocrystalline CdSe is size dependent. Just by changing the sizes of the nanocrystals from 2 to 6
nm one can tune the absorption and luminescence spectra from green to red.

Motivated from the unique properties of the nanocrystals and the fact that few is know about their growth, here
in this dissertations are given important aspect of the nanocrystal growth as well as studies related to the optical
properties of the nanocrystals. Control over the nanocrystal sizes and shapes require maintaining special conditions
during the synthesis. In this work are given synthesis conditions for different systems where the nanocrystals were
synthesized. Reverse micelles as confined structures are examples where the nanocrystal growth was conducted.
Beside reverse micelles, synthesis was also achieved via a method called “hot-matrix”. Structural characterization of
the nanocrystals was obtained by using X-ray Diffraction (XRD), Tansmission Electon Microscopy (TEM), absorption
spectroscopy, steady state photoluminescence spectroscopy (PL), Electron Paramagnetic Resonance (EPR), transient
photoluminescence and photoluminescence excitation spectroscopy. Pecursors, which were used for the preparation
of the nanocrystals were also analyzed by Nuclear Magnetic Resonance (NMR) and Infrared Spectroscopy (IR).
Integration of the colloidal chemistry rules with the nanocrystal synthesis allowed us to obtained unique oganic/
inorganic nanocomposites. An example of such kind of composites are CdS nanocystals covered with poly(methacrylic
acid). The obtained nanocomposites exhibit good water dispersibility and photoluminescence. The last one is due to

the CdS nanocrystals. During the studies were discovered important steps related to mechanism of the nanocrystal



gowth. One such kind of indispensable step is the Ostwald ripening process, which controls the polydispersity of the
nanocrystals.

During the study two reverse micellar systems were studied. The first system composed of water/sodium bis(2-
ethylhexyl) sulfosuccinate (AOT)/heptne was used to synthesize CdSe nanocrystals. In this system for a first time
the kinetics of growth of CdSe semiconductor nanocrystals was reported. Precise size control over the nanocrystals
was achived by controlling the size of the micelles. Relation between the absorption spectra and nanocrystal sizes
were established by monitoring the temporal changes in the absorption spectra of CdSe nanocrystals. This allowed us
to calculate the respective time constant, which control the nanocrystal gowth. The second reverse micellar system
was composed of water/cetyltrimethylammonium bromide (CTAB)/benzene. In CTAB system were grown CdSe
nanocrystals as well as inorganic(CdSe nanocrystals)/organic(polymer) composites. The motivation for the preparation
of nanocomposites was due to the potential application of the nanocomposites in labeling of living cells. As in the
AOT system, here the nanocystal growth also passes though Ostwald ripening process. Especially, when there was
dissolved monomer in the reverse micelles, the nanocrystals grew slower and clearly distinguishable changes in
the absorption spectra were observed. The latter was explained by the existence of polydisperse nanocrystals in the
samples. After the nanocrystals were formed, in-situ polymerization was conducted in the reverse micelles. The
agglomerates were further analyzed by TEM and clear evidence for the existence of inorganic/organic nanoparticles
was concluded.

Different steps from the reverse micelles method were applied in the case of the hot-matrix method. Here the
nanocrystals were synthesized in solvents that have boiling points above 300 °C. In the solvent were dissolved
surfactants such as stearic acid and hexadecylamine. At elevated temperatures injection of the precursors containing
zinc, manganese (Mn?"), cadmium, selenium or tellurium allowed rapid nucleation of various types of cluster. These
nuclei (or clusters) were further grown to well define nanocrystals. By controlling the reaction temperature, reaction
time, precursor concentration or surfactant concentration, the size of the nanocrystals were varied.

The nanocrystals synthesized by the hot-matrix method were used for fluorescence resonance energy transfer
(FRET) studies. Moreover, for this study we synthesized manganese doped ZnSe nanocrysatals. The doping allowed
us to achieve long fluorescence lifetimes that are believed to be very useful for transient photoluminesce experiments
especially as markers in bio-imaging. To show this remarkable property of the doped nanocrystals we studied the
FRET between Mn* doped ZnSe nanocrystals and photochromic molecules. Because photochromic molecules are

unstable in room temperature, the experiments were done at low temperatures.
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