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SHORT RANGE ORDER, CRYSTAL
NUCLEATION AND CRYSTAL GROWTH IN
LIQUID COLLOIDAL SUSPENSIONS

Colloidal suspensions are model systems to study phase transformations
of first order as crystallization of a liquid system. The particles of colloidal
suspensions are in size of several hundred nanometres and the carrier fluid
is transparent in the spectrum of visual light. These characteristic features
make colloidal suspensions easily accessible for optical investigations. The
structural transformations are very sluggish and can be monitored in-situ. In
the present work, light scattering experiments are performed to investigate
homogeneous nucleation in the interior and heterogeneous nucleation
on the container walls of silica colloidal suspensions and to measure the
growth velocity of the crystal. Since nucleation processes require short-
range ordering as precursor of their formation, we conduct ultra-small-angle
scattering of X-rays of synchrotron radiation at DESY Hamburg to determine
the topological short-range order of monodisperse colloidal suspensions in
liquid phase far away from thermodynamic equilibrium. In such a way, the
entire pathway of crystallization from the stable liquid to the metastable
liquid state, the formation of short-range ordering over crystal nucleation and
eventually crystal growth is quantitatively investigated. The experimental
results are analysed within current models of formation of aggregates
of different structure, classical nucleation theory and the Wilson-Frenkel
theory of crystal growth. From measurements of crystal growth and its
analysis within the Wilson-Frenkel theory, the deviation from thermodynamic
equilibrium of a shear melted crystal is inferred as defined by the difference
of chemical potential between the metastable liquid and the stable solid.
The in-situ investigations of homogeneous crystal nucleation are used to
determine the solid-liquid interface which is very difficult to measure by
other methods. The measurement of the growth of a planar liquid-solid
interface allows for detailed information of the particle attachment kinetics
of particles from the liquid to the crystal.
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NEW TENDENCY OF MODIFIED GRAPHENE
WITH DIFFERENT METHODS FOR THE
PHOTOCATALYTIC APPLICATIONS

Due to its unique atom-thick 2D structure and remarkable physicochemical
properties, graphene has been sparked a flurry of research into its optical,
electronic, thermal, and mechanical properties. In particular, a great deal
of recent attention has been attracted to explore graphene and graphene
composites for photoelectrochemical applications. Recently, much works
have been done on attempting to design and prepare novel graphene-based
materials for a wide range of applications in photo-electrochemistry, ranging
from photoelectrochemical solar cells, photocatalytic decomposition of
organic pollutants, and H2 evolution. In this feature article, we summarize the
state of research on graphene-based materials for photo-electrochemistry.
The prospects and further developments in this exciting field of graphene-
based materials are also discussed
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THE CHEMISTRY OF GRAPHENE AND ITS
INORGANIC ANALOGUES

he chemistry of graphene is growing rapidly in last decade and broad

range of graphene derivates was prepared. Nevertheless, only two
stoichiometric derivates are currently known: hydrogenated and fluorinated
graphene (graphane and fluorographene). Compared to graphene, these
materials exhibit significantly different properties, e.g. higher reactivity as
well as large differences in physical properties. Especially fluorographene
can be applied as a substrate for nucleophilic substitution reactions, which
significantly extend the possible chemical modifications of graphene.
Currently, the chemistry of the other 2D materials starts to be explored.
However, the chemistry ofinorganic 2D materialslike pnictogens andtransition
metal dichalcogenides is not well known and only several procedures were
already reported. In comparison with graphene, new synthetic protocols have
to be applied because the chemistry of these materials is extremely variable.
In the case of transition metal dichalcogenides, the formation of the M-X-C
bond (M is a metal, X is any chalcogenide) can be used as a starting point
for exploring their chemistry and for further derivatisation. The chemistry of
layered pnictogens is significantly different. In this case, various reactions
including nucleophilic substitution can be applied, however, the bonding
through the oxygen functionalities on pnictogen surface is observed in many
cases
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