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Fig. 1. (a) High-purity Sc203, V20s, and TiO; oxide powders; (b) The precursor
powders; (c) The powders after calcination; (d) Sintered dense SVTO-x ceramic
samples.
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Fig. 2. (a) XRD patterns of the SVTO-x ceramics; (b) Shift of (110) peaks. Rietveld
refinement results of (c) SVTO-0.05, (d) SVTO-0.10, (e) SVTO-0.15, and (f)
SVTO-0.20 samples.



MAEBBETBRE 7RSS L: S (0.745A) + V¥ (059A) 5
Ti*" (0.605 A) KIS TR AR R 2 5, Horh S RAR HE TiY K 23%, kA
Ti 7 5 T S R SR, 17 VIR /N Tit BT o] G615 5 I 33 S 48 00N
e . B GSAS-IL A AT Rietveld K512, EEIRMHEBSE a. ¢
JAEFV, FHE—BAESE: B x M 0.05 3% 0.15, S40 A 5 MR B R ik
#, BERAE T HBRESSEEKIT A

FFA #E 5 XRD EiE 1 Rietveld #5245 RN 2(c) (D . SEERHdE 55
WitH ML= EY G, RPEATRER R 2R Ry [HIKT 8.0%,
CEART 2.0, FAEIE T FTR F & 4040 45 KBRS SR 00 B g B A FE v . )

T SVTO0-0.20 ¥t i, FEBHEAIGF 5] ScVOstH, HGEED LN 5.4%, &4OH

MZIN 94.6%. FEERAESEICATE 1, HEFEENE, SVT0-0.20 ¥EH+H 4

21 AE B AR AR T SVTO-0.15, X AT g2 H1 15 —AH ScVO. Hr R B 40

AT SR bR B Se3/ VIR TR 55 AR Rl v, AR E BT S T I 2 R ik

1. %K SVTO-x By ke kS 12 24

Table 1. Refinement parameters of the synthesized SVTO-x ceramics.

FE1EZH SVTO0-0.05 SVTO-0.10 SVT0-0.15 SVTO-0.20

SR a 4.5932(3) 4.5978(4) 4.6015(5) 4.5998(6)

(/A) b - - - -
c 2.9581(2)  2.9625(3) 2.9668(4)  2.9651(5)
AR V/(A)? 62.41(1) 62.60(1) 62.80(2) 62.73(2)
R, 4.26% 6.45% 6.89% 7.30%
AIEEMERT Rwp 6.24% 6.76% 7.12% 7.85%
v 1.32 1.51 1.65 1.89
H AR - - - ScVO,

B MR HU(%) - - - 54
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Fig. 3. SEM images and corresponding grain size distributions of (a) SVTO-0.05, (b)
SVTO-0.10, (c) SVTO-0.15, and (d) SVTO-0.20; (e) An enlarged view of the region
highlighted in (d); and (f) The variation of the average grain diameter with the doping
concentration X.
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Fig. 4. Frequency-dependent ¢’ (a) and tand (b) of the samples measured at room
temperature; (c) variation of ¢’ and tand with x at 1 kHz.
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Fig. 5. Frequency-dependent (a) &' and (b) tand of SVTO-0.05 at different
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hopping polarization.
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Combinatory effects of Sc”/V” dopants on the
dielectric behavior of doped TiO, ceramics’

+
Gang Li, Xiaotong Gu, Wei Li, Xiaoyu Wu, Weitian Wang
School of Physics and Electronic Information, Yantai University, Yantai 264005, China

Abstract

In this study, the combinatory effects of co-doping TiO> ceramics with trivalent scandium (Sc3*)
and pentavalent vanadium (V>%) on dielectric behavior are systematically investigated. A series of
(Sco5Vo5)xTi1-xO2 (SVTO-x) ceramics, with nominal dopant concentrations with nominal dopant
concentrations x = 0.05, 0.10, 0.15, and 0.20 were synthesized via conventional solid-state reaction.
Structural, microstructural, and dielectric characterizations reveal that moderate co-doping (x <
0.15) preserves phase-pure rutile structure, enhances grain uniformity, and promotes the formation
of thermally stable defect complexes, comprising electron-pinned defect-dipoles and internal
barrier layer capacitance mechanisms. Notably, ‘the SVTO-0.05 composition achieves an
exceptionally high relative permittivity (~3.9 x 10%).and low dielectric loss (tand = 0.0128) at 1
kHz, along with excellent frequency and thermal stability. X-ray photoelectron spectroscopy
further confirms the simultaneous presence of Sc**, V%, Ti3", and oxygen vacancies, supporting the
formation of localized triangular and rhombic defect clusters that govern the observed colossal
dielectric response. These findings establish that strategic (Sc,V) co-doping constitutes an effective

defect-engineering approach for designing high-performance dielectric ceramics.
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Methods:

A series of (Sco.5Vo0.5)xTi1xO02 (SVTO-x) ceramics with nominal dopant concentrations of x = 0.05,
0.10, 0.15, and 0.20 were synthesized via a conventional solid-state reaction method. Phase purity
and crystal structure were analyzed by X-ray diffraction (XRD) with Rietveld refinement.
Microstructure was examined using scanning electron microscopy (SEM). Chemical states and
defect chemistry were probed by X-ray photoelectron spectroscopy (XPS). Dielectric properties
(permittivity €' and loss tangent tand) were measured over a frequency range of 100 Hz—1 MHz
and a temperature range of 180-380 K using an impedance analyzer. Complex impedance and
electric modulus spectroscopy were employed to deconvolute grain and grain-boundary
contributions.

Results:

Structural evolution: Single-phase rutile solid solutions were maintained up to x = 0.15. At x = 0.20,
a secondary ScVO4 phase appeared, indicating the solubility limit. Lattice parameters increased
with x due to the larger Sc3* substitution.

Microstructure: Average grain size increased from ~19.4 um (x = 0.05) to ~25.4 um (x = 0.15),
then slightly decreased at x = 0.20 due to Zener pinning by ScVOj4 at grain boundaries.

Dielectric performance: The SVTO-0.05 ceramic exhibited an optimal combination: &' = 3.9x10*
and tand ~ 0.0128 at 1 kHz (room temperature), with good frequency and thermal stability. Both &’
and tand increased monotonically with temperature, showing thermally activated behavior.
Relaxation mechanisms: Electric modulus spectra revealed two relaxation peaks, attributed to
grain-boundary (IBLC) and bulk (defect-dipole) processes. Activation energies were ~0.11 eV
(low-frequency, IBLC) and ~0.16 eV (high-frequency, electron hopping).

Defect chemistry: XPS confirmed the presence of Sc**, V3%, Ti**, and oxygen vacancies, supporting
the formation of triangular and rhombic defect clusters. These complexes pin free electrons,

suppress long-range conduction, and enable short-range hopping polarization.

Keywords: Giant dielectric permittivity, Dielectric loss, Defect engineering, Co-doping
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