Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2023

Supplementary Information

DFT calculations and giant dielectric responses in (Ni;,3Nb,3),T1;.,0,

Nateeporn Thongyong?, Prasit Thongbai®® and Pornjuk Srepusharawoot?b*
aGiant Dielectric and Computational Design Research Group (GD-CDR), Institute of
bNanomaterials Research and Innovation for Energy (IN-RIE), Department of Physics,

Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand

*E—mail address: spornj@kku.ac.th (P. Srepusharawoot)



mailto:spornj@kku.ac.th

~
o
~

~
(@)
~

XPS Intensity (a.u.)

O Exp.Tilpdata  4584(Ti")
—Ti"
_Ti3+
2.5%NINTO
464.15
L 4568 (T ) e
468 466 464 462 460 458 456
Binding energy (eV)
o Exp.O Is data ~529.8

XPS Intensity (a.u.)

Fig. S1

—— Oxygen lattice (Ti-O)¢
—— Oxygen vacancy
Hydroxyl group

2.5% NINTO

ﬁm’%ﬁ(\( “',

NS ¥

536 534 532 530 528

Binding energy (eV)

(b)

O Exp. Ti2pdata

—T13 458.57 (Ti*

| =———Ti
~ | 10%NIiNTO
=
<
N’
2
2
=
% 464.31
!
76}
A
<
456 8 (Tl
1 [
466 464 462 460 458 456
Binding energy (eV)

(d)

O Exp.OIsdata @529.84

—— Oxygen lattice (Ti-0) @

~ | = Oxygen vacancy
= | 10%NINTO
<
N
2
'@
=
8
=
[
N
[a B
=<

534 532 530 528

Binding energy (eV)

Valence states of Ti 2p for (a) 2.5%NiNTO and (b) 10%NiNTO and valence

state of O Is for (c) 2.5%NiNTO and (d) 10%NiNTO.
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Fig. S2 Valence state of Nb 3d for (a) 2.5%NiNTO and (b) 10%NiNTO and valence

state of Ni 2p for (¢) 2.5%NiNTO and (d) 10%NiNTO.



Fig. S1(a)-(d) and S2(a)-(d) display the XPS spectra for the 2.5%NiNTO and
10%NiINTO samples, respectively. The XPS spectra for both samples encompass peaks
corresponding to Ti 2p, O 1s, Nb 3d, and Ni 2p, commonly observed in co-doped TiO,.
The Ti 2p peaks for the 2.5%NiNTO sample, as shown in Fig. S1(a), are detected at
binding energies of 464.15 eV and 458.4 ¢V, indicative of Ti*" ions.!> 2 In contrast, the
Ti*" peaks for the 10%NiNTO sample, presented in Fig. S2(b), emerge at binding
energies of approximately 464.31 eV and 458.57 eV.!: 2 Both the 2.5%NiNTO and
10%NiNTO samples exhibit Ti3" at a consistent position of 456.8 eV. The Ti*"/Ti*" ratios
for the 2.5%NiNTO and 10%NIiINTO samples are found to be 1.05% and 1.23%,
respectively. The defect equation describing the substitution of TiO, with Nb’* is

articulated as:

4TiO,
2Ti0, +Nb,Os =  2Nby; + 2Tig; + 80, + 0.50, (S1)
Ti'*" +e-> TP (S2)

As depicted in Fig. S1(c) and (d), the O 1s peak at a binding energy of approximately
529.8 eV is evident for both the 2.5%NiNTO and 10%NiNTO samples, corresponding to
the lattice oxygen (Ti-O). Another peak at roughly 531.4 eV signifies oxygen vacancies.!
2 The proportion of oxygen vacancies in the 2.5%NiNTO (19.28%) surpasses that in the
10%NIiNTO (10.65%). Fundamentally, doping Ni** into the Ti*" sites within the TiO,
structure necessitates charge compensation via the formation of an oxygen vacancy, as

illustrated by the following equation:

TiO,

NiO - Nig+ V. +0, (s3)

The presence of the Nb element is evident, as illustrated in Fig. S2(a) and (b). Two peaks



for Nb 3d are located at approximately 209 eV and 206 eV, verifying the chemical
valence state of +5.3> Meanwhile, the XPS results for the Ni element, presented in Fig.
S2(c) and (d), reveal a singular peak with a binding energy of roughly 855 eV, confirming

the Ni%" ions.*

References

1. W. Hu, Y. Liu, R. L. Withers, T. J. Frankcombe, L. Norén, A. Snashall, M.
Kitchin, P. Smith, B. Gong, H. Chen, J. Schiemer, F. Brink and J. Wong-Leung,
Nat. Mater., 2013, 12, 821-826.

2. W. Tuichai, S. Danwittayakul, J. Manyam, N. Chanlek, M. Takesada and P.
Thongbai, Materialia, 2021, 18.

3. C. Yang, M.-Y. Tse, X. Wei and J. Hao, Journal of Materials Chemistry C, 2017,
5, 5170-5175.

4. A. P. Grosvenor, M. C. Biesinger, R. S. C. Smart and N. S. MclIntyre, Surface

Science, 2006, 600, 1771-1779.



