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1 Titanium nanowires
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X. Huang et al. Nanotechnology. 23. (2012). 125601.

Site Wyckoff pos. R,, [A] Z AE [eV]
octahedral 2a (0, 0, 0) 2.09 6 +0.00
hexahedral 2d [_1, %, %j 1.92 5 +1.19
\ crowdion 6g (35,0, 0) 2.00 6 +1.88
e L H.H. Wu, D.R. Trinkle, Phys. Rev. Lett. 107 (2011) 045504.
Purpose:
1. Investigate oxygen adsorption on titanium nanoclusters; ,

2. Calculate the binding energy as a function of oxygen concentration.
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Methods and approaches abmzt’o'g

The first-principles calculations were performed with the generalized gradient
approximation and spin polarization of density functional theory in the ABINIT
software package. Pseudopotentials for Ti and O atoms were constructed using the
program thi98PP. A special 1X1X1 G-point in the Monkhorst-Pack grid with a cutoff
energy of 816.34 eV was used to simulate the Ti clusters. The simulation clusters were
placed in a very large cubic cell, which had a size of approximately 19 A. During the
course of the calculations, the atomic structure was relaxed until the interatomic forces

were less than 0.005 eV/A.
Calculations were performed using

A computer cluster at the Moscow A cluster at the Computational Center in
State University in Moscow (Russia). Khabarovsk (Russia)



1. Titanium clusters model

a b
Atomic structures of (a) the icosahedral isolated Ti,, cluster, and (b) the Ti,,

cluster with hexagonal structure, which is cut from the bulk titanium lattice

« To determine the crystallographic growth direction of the titanium nanoparticles, it is
necessary to calculate the spin charge density distribution Ap:

A,O _ spin ___spin

up down

The excess electron density for the spin-down orientation
Is colored dark gray and the excess electron density for
the spin-up orientation is colored light gray.

Ti(0001) surface



2. The interaction of the Ti 5 cluster with oxygen

« To study the interaction of the Ti,, cluster with oxygen we considered two oxygen
coverages, 0.05 and 1 ML. The 0.05 ML coverage corresponds to one O atom on the

Ti , surface, whereas 1 ML corresponds to 20 oxygen atoms.
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® = 0.05 oxygen monolayer
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E,=0.231] - _ban_d gap energy. _

The average binding energy E, of an O atom on the Ti , surface
IS 12.01 eV.

Fig. 1. The positions one oxygen atom adsorption on Ti,4 cluster.
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« The average binding energy E, of an O atom on the Ti, 4 surface is given by:
1 [com (= 0
E,=—— [EO/T' — (ET' +NoE )]
No

Where N, is the number of O atoms on the surface,

EO'Ti is the total energy of the adsorbate-substrate system,

ET is the total energy of the clean Ti,, cluster,

EO is the total energy of the O atom. 5



The energy of dissolved oxygen in bulk
titanium is 11.85 eV.

The Ti,5 cluster structure
1. ®=1MLO with 20 adsorbed oxygen atoms.

2. E;=0.231]

3. The average binding energy E, of an O atom on the
Ti , surface is 10.49 eV.

« The reduced binding energy indicates increased 5
repulsive forces between the adsorbed oxygen atoms.



Conclusions

1. We have used first-principles calculations to investigate the oxygen adsorption
process on the stable Ti,, nanocluster.

2. The atomic structure of the oxidized titanium clusters and the oxygen adsorption
energy were studied in detail, for low and high O coverages on the Ti,, surface.

3. The results indicate that titanium, during its interaction with oxygen, and for both
its bulk and nanoscale states, has O atoms advantageously located in the
positions which correspond to "bulk" interstitial sites.
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First principles calculations of the agglomeration of Ti nanoparticles

AN, Chibisov™

Computational Center, Russian Academy of Sciences, 65 Kim Yu Chen Street, Khabarovsk 680000, Russia

ARTICLE INFO ABSTRACT
Artide histary: We have used molecular dynamics and first-principles calculations to investigate the structure, electronic
Received 9 February 2013 properties, and agglomeration of Ti nanoparticles The results indicate that cluster agglomeration leads to a
Accepted 24 March 2013 decrease in the band gap compared with the isolated Tiyy cluster. In addition, we found that titanium
Available online 30 March 2013 N . . N
nanochuster growth occurred along the [0001] direction. The difference of the atomic structures of the
Keywords: icosahedral Tiyy cluster and the bulk phase of titanium was also studied. The results show that spin
Simulation and modeling polarization disappears when particles agglomerate. 8
Titanium duster © 2013 Elsevier BV, All rights reserved.
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Phase transformation in titanium nanoparticles from first principles
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Abstract. We have used molecular dynamics and first-principles calculations to investigate the
structure and agglomeration of Ti nanoparticles. The results indicate that Ti nanoclusters undergo a
phase transition with a change of point group symmetry. In addition. we found that titanium
nanocluster growth occurred along the [0001] direction.
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