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Abstract

We have performed the electronic band structure of the bulk and monolayer of
PtO using the full potential linear muffin-tin orbital and the projector augmented
wave method with the density functional theory. We applied the LDA and LDA+U
scheme to both methods. It was found out that the LDA calculation of bulk PtO
predicted a metallic nature in agreement with previous LDA and GGA calculations
but in disagreement with the semiconductor nature favored by experiment. Our
LDA+U calculation for both methods predicted PtO to be a semiconductor with a
band gap value of 1.4 eV which is in reasonable agreement with experiment the
experimental band gap value of 1.2 €V. The band structure of the monolayer PtO was
found to be the same with the bulk in qualitative term. The position of the valence
band maximum and the conduction band minimum are same as the bulk. The indirect
band gap value of 1.4 eV isin agreement with the experimental value of 1.5 eV.

1.0 Introduction

PtO belongs to the technologically important graimoble-metal monoxides that includes species Nik® and
PdO. It is an important technological material wagbplication in gate electrodes in the fabricatibthe next generation
of large scale integrators and dynamic random accesnories (DRAMSs) [1]. It is of interest in expeantal chemistry,
for example, as dehydrogenation catalysts [2]a#t &lso being used in sensors and photocathodatar electrolysis [3].
Thin films of platinum oxides are promising candetafor electrode materials in ferroelectric memeapacitors [4]. It
has also being shown in Lee and Lee [5]; and @rid Brady [6] that PtO can improve the enduranoperties of the
ferroelectric capacitor.

Platinum oxide has received experimental and thigateattention. The optical properties of PtO h&een studied
experimentally in [7,8,9]. McBride et al reportetDRo be a honmagnetic semiconductor while Abd et@orted PtO to
be metallic. The phonon spectra for PtO have atsngoreported [10]. A number of studies have besmied out on the
electronic band structure of bulk PtO [1,3,11,BXevious band structure calculation of PtO haveeeifailed to predict
its semiconducting nature or have underestimatesitsl gap value.

In this paper, the electronic band structure oklamd monolayer PtO have being studied using tha+tiDscheme
to predict corrected the experimentally observeddbgap value. To the best of my knowledge thidésfirst time the
LDA+U scheme is applied to the electronic bandditme of bulk PtO. Also this is the first time tbé&ctronic band
structure of the nanosize PtO is carried out.

2.0 Computational Detalil
PtO have the tetragonal structure with space grEyéh with two formula unit per unit cell. All calculati® were

performed with the experimental geometry takingrfri@]. The lattice constants are a = 3.0777 A amd5c3400 A. The
structure of PtO is shown in Figure 1.
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In this study, we have performed the electronicdbstnucture of bulk and 2-d platinum oxide using thll potential
linear muffin-tin orbital method (FP-LMTO) and peajtor augmented wave (PAW) [13] pseudopotentidhods using
the LDA+U [14] scheme within the density functibttzeory. The deficiency of the LDA can be overcoloyethe
addition of an orbital-dependent correction to LPpétentials. The total energy functional is writiesh

E= ELDA —~[UN(N-1)/2- JN(N— 2)/4
+_ Z U nmonm o Z (U ‘Jnm’ D]mcnm'o

mmo m¢mmc

1)

where U and J are the screened Coulomb and excipangmeter,, - is orbital occupancylU mm and Jmm are
matrices given by

Umm =;ak|:k
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where Fk are Slater integrals, ard, and bk are given by
4 &
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The expression for the orbital dependent one-alaqiotential is given by
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To define all three integrals from U and J one seedknow only the ratio 2. The expression for*rand F are
given as

2 14
1.625

F'=0.625F )

The screen coulomb interaction U and exchange pateand used in the PAW calculation and the intexpah
formula for the slater integral used in Bandlalzohkdtion were taking from [20].

(6)

For exchange and correlation, the local density@pmation (LDA) as parametrized in [15] was used the FP-
LMTO while the parametrization of [16] was used floe pseudopotential. The Abinit [17,18] and Babd] computer
packages which implements pseudopotential and FP@QNhethod respectively were used in the calculatiéior the
brillouin zone integration, a k-point mesh of 45swased for the bandlab calculation while a k-poigsh of 128 was
used for the PAW calculation. The self-consisteaalculation was assumed to have converged wheditfegence in

energy between subsequent iteration WAX10™. A kinetic energy cut-off of 20 Ha was used foe fflane wave and
PAW generation. Relativistic effect was also in@sidn the calculations. For the 2-d calculatiomesh of (8x8x1k-
points generated by the method of [21] was used.
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Figure 1: Tetragonal PtO unit cell. Platinum is shown irgkrspheres [1]

3.0 Results and Discussion

The electronic band structure of bulk PtO of LDAccdation from PAW and FP-LMTO plotted along high
symmetry point in the first Brillouin zone (BZ) ashown in Figures 2 and 3 respectively. The refsath the Abinit
(LDA) and Bandlab (LDA) calculations shown in Figar2 and 3 respectively show the highest occupged land the
lowest unoccupied band crossing the Fermi levehatvicinity of the high symmetry point M. The résushown in
Figures 2 and 3 also show agreement both in gtiaéitand quantitative term with result from prevdouDA and GGA

results [1,3]. They all predict PtO to be semi-rietaThe tetragonal crystal field symmetry in Pgplits the tzg 5d

states into they, xz andyz components, and theg states into the( x* - y2) and (322 -r 2) components. Thez and

yz components hybridize especially strongly with tigarest four oxygen atoms. The other d states dightion with O
2p orbitals is much weaker.

Figures 4 and 5 present the band structure of Biudk along high symmetry point in the first BZ dDA+U
calculation from PAW and FP-LMTO respectively. Tiesults from both methods are in qualitative andmntjtative
agreement. As seen from Figure 4 and 5, the tdpeofalence band is at the M high symmetry pointenine bottom of
the conduction band is at tliehigh symmetry point. This implies that the nataféhe band gap is indirect. The failure
of the LDA in underestimation of the band gap a$ tinansition metal oxide is due to the absencthefpotential jump
which appears for the exact density functional [IBidnnarsson and Schonhammer [22] showed thatisherdinuity in
the one-electron potential can give a large coutidin to the band gap. To overcome this deficieacyorbital dependent
correction is added to the LDA potential. This indsi an upward shift of the unoccupied 5d stateaashowwnward shift of
the occupied states. For both calculations a baam \v@alue of 1.4 eV was obtained, this is in agregmth the
experimental value of 1.2 eV [23]. Uddin et al [ding the hybrid functional (HSE) obtained a dideahd gap value of
0.86 eV at the M symmetry point. Also Hass and €sanh [11] in their augmented spherical wave (ASWéthod
obtained a band gap value of 0.7 eV while Ahujaldtl2] using linear-muffin-tin orbital method iheé atomic-sphere
approximation (LMTO-ASA) found a band gap valuddd eV. These studies have all underestimated the bandajap
of PtO.
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Figure 4: The band structure of PtO from PAW (LDA+U): iBdicates the Fermi energy.
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Figure 5: The band structure of PtO from-LMTO (LDA). Er indicates the Fermi energy.
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Figure 6: The density of states of PtO from-LMTO (LDA). Er indicates the Fermi energy. The Fermi energy i6ab
ev.
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Figure7: The density of states of PtO from-LMTO (LDA+U). Er indicates the Fermi energy. The Fermi energy
15.7 eV.
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The total density of states (DOS) for PtO from ARIO (LDA) and (LDA+U) are shown in Figures 6 and 7
respectively. Figure 6 show that PtO is metallidohhagrees with the LSDA result of [1]. The maiatigre of the LDA
DOS is the d dominated valence band and the hyation of the 5d of Pt with the 2p of oxygen. Igie 7, the band
gap opening is well reproduced in the LDA+U caltiola of the FP-LMTO method. Again it is seen thag introduction
of the orbital dependent correction to the LDA bassed an upward shift of the conduction band adovanward shift
of the valence band which leads to a gap openirgropnd the Fermi energy.

Figure 8 show the band structure of 2-d monolay€ ffom the PAW calculation. It is observed thag¢ thand
structure for bulk and surface PtO are qualitayitbe same. In otherwords, the position of the madeband maximum
and the conduction band minimum are same as ibulie The band gap value of 1.4 eV obtained forrttemolayer is in
agreement with the optical experiment of [#4]ere an indirect band gap of 1.5 eV was obtairsech@asured from their
graph. The density of states for the monolayerésgnted in figure 9. It is seen that the band afappe monolayer of
PtO is well reproduced in the density of statesudation.

- o e I
sbe— T— 1 — T
T N ——y
,_/// I— T ]
s %i \>
r SE
= OF
&0
5 .
- | ?&_
T - — ]
15|
20F
R —
r X M r

Figure 8: The band structure of monolayer PtQ.ifdicates the Fermi energy. A band gap of 1.4 &€ abtained.
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Figure 9: density of states of monolayer PtQ.iBdicates the Fermi energy. The Fermi energy 2t Ha
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Conclusion

We have performed the electronic band structuth@bulk and monolayer of PtO using the full poedrinear
muffin-tin orbital and the projector augmented wawethod with the density functional theory. We &xblthe LDA+U
scheme to both methods. It was found out that thA kalculation of bulk PtO predicted a metallic ur&. This is in
agreement with previous LDA and GGA calculationsir QDA+U calculation for both methods predicted RtDbe a
semiconductor. This is in reasonable agreement exfreriment. The band structure of the monolayér Wwas found to
be in agreement with experiment.
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