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Magneli Phases
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T,0,,.1 composition, 4<n<9 .Oxygen defects in {121} planes.
Ti,O, at T<154K insulator with 0.29eV band gap(.

T,0; Metal-insulator transition at 154K, with sharp decrease of
the magnetic susceptibility.

(1) K. Kobayashi et al., Europhysics Lett., Vol. 59, pp. 868-874, 2002.
( 2) W. Masayuki et al., J. of Luminiscence, Vol. 122-123, pp. 393-395, 2007.
(3) P. Waldner and G. Eriksson, Calphad Vol. 23, No. 2, pp. 189-218, 1999.



Magneli Phases: T,0- crystalline structure
Figure 3a Figure 3b Figure 3c
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Technical details of the calculations

CASTEP

Local density functional: LDA

Ultrasoft pseudopotentials replacing core
electrons

Plane waves code
Supercell approach
Simulated systems: Oxygen point-defective

supercell, Magneli phases supercells,
Titanium bulk metal.

CRYSTAL

Hybrid density functional: B3LYP,
GGA Exchange
GGA Correlation
20% Exact Exchange

All electron code. No pseudopotentials

Local basis functions: atom centred Gaussian
type functions.

Ti: 27 atomic orbitals, O: 18 atomic orbitals
Supercell approach

Simulated systems: Oxygen point-defective

supercell, Magneli phases supercells, Oxygen
molecule.



Defect Formation Energies: Thermodynamical Formalism

Figure 5a
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Defect Formation Energies: Oxygen chemical potential

AG]?ef (Ta pO2 ) =

1 supce U nDef re;
(B2t (0K) =y, B2 (OK) )+ 22 1 (T, py))  (3)
Nro, R0,

Limits for the oxygen chemical potential:

o AG"™(T°, py,)
0

< :uO(pO2 9T) < EO (4)
Hard limit Soft limit

Assuming the oxygen behaves as an ideal gas:

P
Ho,(Po,>T) = 2P, T) € B> (it - E, )T—Tln[TTo}len[ P%J@

N

Oxygen molecule’s Expression (5) allows the
Oxygen molecule’s standard chemical ~ calculation of u0q,(T,poy) at any T
total energy at 0K potential at T=298K and Poy

and pg,=1atm



Oxygen chemical potential

CASTEP CRYSTAL
2 ( ) E, and the OK total f th
0 0 qoOy_ <, bul  _ buk A 0 0 0 o and the otal energy of the oxygen
Ho, (P, T7) = Hu.o, ~XHy AGMxO (p",T7) atom are calculated with CRYSTAL.

M,O,: ZnO, Anatase, Rutile, Ti;O7, Ti;Os Exp. | PW-GGA(4) | CRYSTAL

Binding energy [eV] 2.56 3.6 2.53

1202(T% P°62)= Hmean /- Al Bond length [ang] | 1.21 1.22 1.23

Now E, has to be calculated Now n°y, has to be calculated
1 1 1 E T>298K and
1, (po . T)=A(T-TIn(T))——BT?>-—CT’-—DT*-—+F-GT (6) gl
S 2 6 12 2T Poz=1atm

to, (Do, T) E Ey(uuo ) E )i——Tln( ; j+kT1n (5) | T>0K and any po,

02

(4) W. Li et al., PRB, Vol. 65, pp. 075407-075419, 2002.



Results for the Magneli phases

Figure 8a
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Results for the Magneli phases

AG, per TiO, unit [eV]

T,0,-Ti,0, T,0,-Ti,0,

Equilibrium point 1:

AGp, (Ho) = MG, (Ho) = Hito, mio,

Equilibrium point 2:

Ggef () = AG]?:gS (ﬂo):ﬂm@ 71,05
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Results for the Magneli phases

Figure 10a
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(1) P. Waldner and G. Eriksson, Calphad Vol. 23, No. 2, pp. 189-218, 1999.



CASTEP Results for the Magneli phases

Figure 10a
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CRYSTAL Results for the Magneli phases

Figure 12a
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Formation mechanism for an oxygen-defective plane

Cation + anion (100) layer

bulk ref

L. Bursill and B. Hyde, Prog. Sol. State Chem. Vol. 7, pp. 177, 1972.
S. Andersson and A. D. Waldsey, Nature Vol. 211, pp. 581, 1966.



Formation mechanism for an oxygen-defective plane
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Conclusions

*The thermodynamics of rutile’s higher oxides has been investigated by first principles
calculations.

*First principles thermodynamics reproduce the experimental observations reasonably
well.

*Spin does not affect the thermodynamics.

At a high concentration of oxygen defects and low oxygen chemical potential, oxygen
defects prefer to form Magneli phases.

*But, at low concentration of oxygen defects and low oxygen chemical potential, titanium
interstitials proved to be the stable point defects.

*These results support the mechanism proposed by Andersson and Waldsey for the
production the crystalline shear planes in rutile.
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