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Abstract

Abstract

Transition-metal nitrides and carbides can easily form non-crystal materials. On
one hand, this class of substance exhibits high melting points and
ultrahardness-properties typical of covalent compounds; On the other hand it also
exhibits metallic properties. It continues to be of considerable experimental and
theoretical chemist interest. However the traditional experimental methods are
difficult to characterize the microstructure of such substance. So this dissertation was
devoted to reveal how the isolated atom of N and Ti to construct the Ti,N,, clusters
and to analyze the electronic properties and the geometric properties of the isomers.

Hybrid Density functional theory method(B3LYP) and pseudo potential basis set
(Lanl2dz basis set for Ti atom and 6-31G(d) for N atom) were used to forecast the
possible isomers of Ti,Ny, cluster. Frequencies were calculated at the same level to
make sure the isomer stable. And the electronic properties were also characterized
for these isomers.

Main results were as follow:

1. For ntm=4, the linear or planar structures are the stable isomers of Ti,Np,

clusters; for n+m=5 or 6, there are about 10 isomers of Ti,N, clusters, and

the linear, planar and stereo structure are stable.

2. The special characters of strong-weak alternant bonds are appeared popularly
in linear isomers. As well as the special characters also are appear a few in
linear isomers. The energy of local bond is higher than that of delocalized
bonds. It is excellently agree with the Anderson theory, that the local bonds are
dominant for one dimension, and for two dimensions are weaken slightly. But
for three dimensions the delocalized bonds are most popular.

3. If the number of titanium atoms is more than or equal to the number of
nitrogen atoms, the energies of structures whose N,N are disjoining are lower.
However if the number of titanium atoms is less than the number of nitrogen

atoms, the linked N,N make the structures more stable. The stoichiometric

clusters are more stable than other proportion of Ti and N clusters, which can



Abstract

be deduced from the higher cohesive energy of per atom for choichiometric
clusters.

4. TiyNp, clusters have the comparability of structures when N atom and Ti atom
exchanged, that is, the numbers of nitrogen or titanium atoms in one cluster
are equal to that of Ti or N in another cluster, then the stable structures of the
two clusters are similar. For example, the structure of Ti3;N, cluster is similar
to that of Ti,N3 cluster while TisN, cluster is similar to Ti,N4 cluster.

5. If the number of nitrogen atoms is nearly equal to the number of titanium
atoms in one cluster, the lowest-lying structures of the cluster will exhibit the
configurations of planar sheet of the sodium chloride structure. And with the
number of atoms increasing the Ti-N bond becomes longer. Finally the
cluster would change to cuboid crystal structure.

Keywords: Ti,Ny, ,Transition-metal nitrides ,Cluster, B3LYP
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