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CERAMICS
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c Institute of Inorganic Chemistry, Riga Technical University, Miera iela 34, LV-2169 Salaspils, Latvia

Received 26 October 2010; revised 25 November 2010; accepted 15 December 2010

The solid electrolyte compounds of Li1+4xTi2−xNbyP3−yO12 (x = 0.1, 0.2, 0.3;y = 0, 0.1, 0.2, 0.3) were synthesized
by a solid state reaction and studied by X-ray diffraction from the powder. At room temperature all of the compounds display
the hexagonal symmetry (space groupR3c) with six formula units in the unit cell. The values of the binding, splitting energies
and amounts of elements of Ti 2p, Nb 3d, P 2p, O 1s, and Li 1s core level of the ceramics’ surfaces have been determined by
XPS. Impedance spectroscopy of the ceramics has been performed in the frequency range of 10–3·109 Hz in the temperature
interval 300–600 K. The insertion of niobium into the host compound Li1.4Ti1.9P3O12 leads to the changes of the value of
ionic conductivity and its activation energy for the new ceramics.
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1. Introduction

The development of fast lithium conductors is at-
tracting much attention because of their applications in
high-energy Li-ion batteries [1, 2] and electrochemical
sensors [3]. It is known that LiTi2P3O12 compound
with the NASICON-type structure is a pure ionic con-
ductor [4, 5]. Its bulk ionic conductivity at room tem-
perature was found to beσb = 2·104 S/m [4, 6]. It
has been used as a host compound for investigation of
lithium ion transport peculiarities and a series of new
Li-ion conductors have been obtained by different ion
substitution [4, 5]. The system Li1+xMxTi2−x(PO4)3
(where M= Al, Sc, Y, Fe, Cr) seems to be the most
suitable for Li+ ionic transport in the framework [4, 7].
Conductivity increases rapidly when Ti4+ is partially
substituted by MIII + Li+ ions in the abovementioned
system [4] or P5+ is substituted by Si4+ [8]. High
ionic conductivity of abovementioned NASICON-type
structure solid electrolyte compounds stimulates fur-
ther investigation and makes the materials promising
for applications in the functional elements of solid state
ionics. The aim of this paper is to investigate the in-

fluence of partial substitution of P5+ by Nb5+ on the
structure parameters, surface and electric properties of
the Li1+4xTi2−xNbyP3−yO12 (wherex = 0.1, 0.2, 0.3;
y = 0, 0.1, 0.2, 0.3) ceramics. In this study, we re-
port the conditions of powder preparation, the results of
powder X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), and electrical properties of the ce-
ramics in the frequency range from 10 to 3·109 Hz in
the temperature range from 300 to 600 K.

2. Experiment

Conventional solid-state reaction method was em-
ployed to prepare Li1+4xTi2−xNbyP3−yO12 (where
x = 0.1, 0.2, 0.3; y = 0, 0.1, 0.2, 0.3) com-
pounds. Appropriate mixed and milled stoichiometric
amounts of Li2CO3 (purity 99.999%), TiO2, Nb2O5,
and NH4H2PO4 (extra pure) were heated at tempera-
ture T = 723 K for 20 h. After heating the mixture
was placed in ethyl alcohol and milled in a planetary
mill for 12–24 h. The obtained powders were heated
at temperature 973–1073 K for 3–8 h, then at 1173 K
for 3 h, and at 1273 K for 3 h. The last step of heat
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treatment for compound which contained Nb (y = 0.1)
was at 1473 K for 2 h. After each heating the mixture
was placed in ethyl alcohol and milled in a planetary
mill. Finally, the obtained powders were dried at 393 K
temperature for 24 h.

The structure parameters were obtained using Bruker
D8 Advance equipment at room temperature from the
X-ray powder diffraction patterns in the region2Θ =
10–80 degree, step 0.02 degree, time per step 1 s, Cu
Kα1 radiation (40 kV, 40 mA). The lattice parameters
were deduced by fitting the XRD patterns with software
TOPAS.

The ceramic samples were used for XPS and imped-
ance measurements. The powder was uniaxially cold
pressed at 300 MPa. The sintering of the sam-
ples was conducted in air. The sintering tempera-
ture of ceramics Li1+4xTi2−xP3O12 (x = 0.1) and
Li1+4xTi2−xNbyP3−yO12 (x = 0.2, 0.3; y = 0.1,
0.2, 0.3) was 1343 and 1223 K respectively. The sin-
tering duration of the ceramics was 1 h. Chemical
bonding states of the constituent elements of the sur-
faces of ceramics were examined by X-ray photoelec-
tron spectroscopy. XPS were recorded by LAS-3000
(ISA-Riber) surface analysis equipment. The instru-
ment was equipped with double-pass cylindrical mirror
analyzer MAC2. The XPS were obtained by using Mg
Kα (hν = 1253.6 eV) radiation at an average of 10
scans with step size of 0.05 eV. Before the measure-
ment the samples were kept in a preparation chamber
(residual pressure 1.6·10−6 Pa) of the experimental set-
up for one day. The residual pressure in the analyzer
chamber was 1.3·10−8 Pa. In order to extract the core-
level shifts and relative intensities of these components,
a curve-fitting procedure was utilized. The fitting of the
core-level data was performed using a nonlinear fitting
procedure (software XPSPEAK 41).

Platinum electrodes were prepared on sintered cylin-
drical samples by conductive Pt paste (GVENT Elec-
tronic Materials LTD) fired at 1073 K. For the measure-
ments of electrical impedance in the frequency range
10–2·106 Hz vector voltmeter-amperemeter method
was used. The network with the sample was affected
by the narrow spectra radio pulse. Voltage and cur-
rent of this network were measured by two channel
computer oscilloscope TiePie Handyscope HS3. For
ac current measurement a special current–voltage con-
verter, allowing accurate vector current converting, was
used. The accurate complex impedance (Z̃ = Z ′−iZ ′′)
and complex dielectric permittivity of the samples were
computed by computer from amplitude and phase mea-
surements of the signals. The measurements in the fre-

quency range 3·105–3·109 Hz were performed by Agi-
lent Network Analyzer E5062A connected to a coaxial
line, the part of inner conductor of which was replaced
by the sample. The impedance of the sample was cal-
culated from transmission and reflection parameters of
such network. The temperature measurements of the
ceramics in the low and high frequency ranges were
performed in the range of 300–600 K by Digital Ther-
mometer TMD90A. The temperature was controlled by
a computer connected to dc power supply Mastech HY
30005.

3. Results and discussion

Figure 1 shows powder X-ray diffraction patterns
of Li1+4xTi2−xNbyP3−yO12 ( x = 0.1, 0.2, 0.3;y =
0, 0.1, 0.2, 0.3) compounds. The results of XRD
data analysis have shown that LiTiPO5 impurities are
present in compounds withy = 0, 0.1, 0.2, 0.3 and
they are marked with asterisks in Fig. 1. In compounds
with y = 0, 0.1, 0.2, and 0.3 the amounts of impurities
were found to be 2, 3, 8, and 17% respectively. The
investigated compounds display the hexagonal symme-
try (space groupR3c). The lattice parameters, unit cell
volume (V ), theoretical density (dX-ray), and formula
units in the lattice (Z) of the investigated compounds
are presented in Table 1. The relative density of the ce-
ramics was found to be 94% of the theoretical density.

XP spectra of surface of Li1+4xTi2−xNbyP3−yO12

(x = 0.1, 0.2, 0.3;y = 0, 0.1, 0.2, 0.3) ceramics are
shown in Fig. 2(a–e). To exclude any effects on the
values of binding energies due to charging of the sam-
ple during the XPS analysis, all data were corrected by
a linear shift such that the peak maximum of the C 1s
binding energy of adventitious carbon corresponded to
284.6 eV. Ti 2p, P 2p, Nb 3d, O 1s, and Li 1s core
level XP spectra were fitted. Ti 2p spectrum is shown
in Fig. 2(a). The spectrum shows spin–orbit doublet of
Ti 2p3/2 and Ti 2p1/2 as in [9]. The spin–orbit doublets
assembled two low and high binding energy peaks. The
lower energy peaks of Ti 2p3/2 spectra are in the range
from 458.5 to 459.1 eV. The higher binding energy
peaks of Ti 2p1/2 spectra are in range from 459.7 to
460.1 eV. The binding splitting energies of 2p3/2 and
2p1/2 spectra depend on stoichiometric parametersx
andy of the investigated compounds. The splitting is
in the range between 5.8 and 6.1 eV. The authors [9] re-
ported that binding energy splitting between 2p3/2 and
2p1/2 in LiM 0.05Mn1.95O4 (M = Ni, Fe, and Ti) solid
electrolytes is 5.4 eV. Ti 2p spectrum has been decon-
voluted into two spin–orbit doublets. The 2p3/2 peaks
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Fig. 1. The powder X-ray diffraction patterns of Li1+4xTi2−xNbyP3−yO12 compounds:1 (x = 0.1,y = 0); 2 (x = 0.1,y = 0.1);3 (x =
0.2,y = 0.2);4 (x = 0.3,y = 0.3).

Table 1. Summary of X-ray diffraction results for Li1+4xTi2−xNbyP3−yO12 compounds
at room temperature.

Compound a (Å) c (Å) V (Å3) dX-ray (g cm−3) Z

Li1.4Ti1.9P3O12 8.5137(2) 20.8587(5) 1309.36 2.93 6
Li1.4Ti1.9Nb0.1P2.9O12 8.5267(23) 20.8608(53) 1313.49 2.97 6
Li1.8Ti1.8Nb0.2P2.8O12 8.5257(6) 20.8975(35) 1315.49 3.00 6
Li2.2Ti1.7Nb0.3P2.7O12 8.5242(7) 20.8976(27) 1315.04 3.03 6

at lower binding energy are associated with a lower ox-
idation state (Ti3+). The peaks at higher 2p3/2 binding
energy are associated with the Ti4+ state [10]. The ratio
of Ti4+ and Ti3+ was determined by fitting and estimat-
ing the area of each doublet and it corresponds to dif-
ferent amounts of Ti4+ and Ti3+ states. The different
amount of Ti4+ and Ti3+ was found in Li conducting
solid electrolytes such as LiM0.05Mn1.95O4 (M = Ni,
Fe, and Ti) [9] or Li2O–Al2O3–(TiO2 or GeO2)–P2O5

glass–ceramics [10]. The results of XRD investigation
have shown that in the compounds with stoichiomet-
ric parametery = 0, 0.1, 0.2, 0.3 some lines related
to LiTiPO5 exist. The values of the binding and split-
ting energies and amounts of Ti4+ and Ti3+ states in
atomic % and the chi-square parameter are presented
in Table 2. The deconvolution of the P 2p XP spectra
of Li1+4xTi2−xNbyP3−yO12 ( x = 0.1, 0.2, 0.3;y =
0, 0.1, 0.2, 0.3) ceramics into two peaks is shown in
Fig. 2(b). The deconvolution of the P 2p core level
XPS can be associated with different amounts of P5+

and P3+ states in the investigated ceramics. The P5+

and P3+ states in the ceramics can be associated with
group PO3−4 and group PO−3 respectively. The values
of the binding energies and amounts of P5+ and P3+

states in atomic % and the chi-square parameter are
presented in Table 2. Figure 2(c) shows the fitting pat-
tern of O 1s XP spectra of Li1+4xTi2−xNbyP3−yO12

(wherex = 0.1, 0.2, 0.3;y = 0, 0.1, 0.2, 0.3) ceramic
surfaces. It can be seen that the O 1s core level XP
spectra has been deconvoluted into four peaks. For O
1s, some peaks with binding energies in the range from
529.8 to 531.1 eV are attributed to the lattice oxygen at
the normal sites of the NASICON structure and other
O 1s are assigned to the chemisorbed oxygen in the
forms O2−, O−

2 , and in hydroxyl environment (OH)
as in La0.6Sr0.4Co1−yFexO3 ceramics [11]. The fit-
ting pattern of O 1s core level XP spectrum is sum-
marized in Table 2. Figure 2(d) shows Nb 3d spectra
of investigated ceramics. The spectrum shows spin–
orbit doublet of Nb 3d5/2 and Nb 3d3/2 as in LiNbO3

[12] or potassium lithium niobate [13] crystals. The
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Fig. 2. (a) Ti 2p, (b) P 2p, (c) Nb 3d, (d) O 1s, and (e) Li 1s core level XP spectra.
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Table 2. The binding, splitting energies of XPS spectra, amounts of the elements,
and chi-square values of Li1+4xTi2−xNbyP3−yO12 (x = 0.1, 0.2, 0.3;y = 0, 0.1,

0.2, 0.3) compounds.

Compound
Binding Splitting Amount,

χ
energy, eV energy, eV at. %

Li1.4Ti1.9P3O12

O 1s

529.8 34.3

2.19
530.8 29.7
531.9 21.7
532.9 14.3

P 2p3/2
132.2 0.95 72.1

1.46
133.9 0.95 27.9

Ti 2p3/2
458.5 5.8 67.2

1.1
459.7 5.8 32.8

Li 1s
54.6 71.7

0.34
55.7 28.3

Li1.4Ti1.9Nb0.1P2.9O12

O 1s

529.9 7.2

1.7
530.9 50.9
532.0 32.7
533.0 9.2

P 2p3/2
132.8 1.0 50.4

1.04
133.6 1.0 49.6

Li 1s
54.5 36.1

0.35
55.5 63.9

Nb 3d5/2
207.2 2.8 69.9

0.47
208.1 2.8 30.1

Ti 2p3/2
458.8 5.8 49.9

1.1
459.9 5.8 50.1

Li1.8Ti1.8Nb0.2P2.8O12

O 1s

530.3 17.2

3.7
531.1 50.6
532.2 25.3
533.5 6.9

P 2p3/2
132.6 0.95 64.9

1.17
133.5 0.95 35.1

Li 1s
54.4 85

0.39
55.4 15

Nb 3d5/2 207.4 2.8 100 1.3

Ti 2p3/2
459.3 5.7 77.0

0.89
460.2 5.8 23.0

Li2.2Ti1.7Nb0.3P2.7O12

O 1s

530.2 7.0

1.6
531.1 52.8
532.2 32.6
533.3 7.6

P 2p3/2
132.8 1.0 36.6

1.4
133.6 1.0 63.4

Li 1s
54.4 81.7

0.1
55.4 18.3

Nb 3d5/2
207.4 2.8 41.3

1.03
208.0 2.8 58.7

Ti 2p3/2
459.1 6.1 29.3

0.69
460.1 6.1 70.7
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deconvolution of the Nb 3d core level XP spectrum
can be associated with different amounts of Nb5+ and
Nb4+ [12] or lower (Nb3+) valence states in the in-
vestigated ceramics. The amount of different Nb va-
lence states, binding and splitting energies of Nb 3d5/2

and Nb 3d3/2 core level XP spectra are presented in
Table 2. Li 1s core level XP spectra of the investi-
gated ceramics are shown in Fig. 2(e). Li 1s signal
is of very low intensity and the fitting of the patterns
is very complicated. Li 1s core level XP spectra of
all Li1+4xTi2−xNbyP3−yO12 compounds have been de-
convoluted into two peaks. The binding energies of Li
1s spectra depend on stoichiometric parametersx andy
of the investigated compounds. For the compound with
y = 0 one peak is at lower binding energy (54.6 eV),
the other peak is at higher binding energy (55.7 eV).
The increase of the stoichiometric parametery of in-
vestigated compounds leads to the decrease of binding
energies of Li 1s core level XP spectra. In the ceram-
ics with y = 0.2, 0.3 the two peaks at lower binding
energy are centred at the same values (54.4 eV) and
peaks at higher binding energies are centred at 55.4 eV
(Table 2). The values of the binding energy of Li 1s
core level XP spectra well correlate with results re-
ported in [14, 15]. It is reported that the Li 1s core level
XP spectrum peak is at the binding energy of around
55.8 eV [14]. For the Li0.8CoO4 composition a sin-
gle Li 1s peak has been observed at 55.4 eV, but for Li
rich compositions such as LiCoO4 and Li1.2CoO4 an
intense peak is at 55.4 eV and a shoulder peak around
55.05 eV has also been observed [15]. The different
binding energies of Li 1s spectra can be associated with
two different positions of Li ions in the lattice of in-
vestigated compounds. The results of the NMR study
of LiTi 2−xZrx(PO4)3 composition have shown that Li
ions occupy two different positions in the lattice, too
[6].

Three relaxation dispersions have been found in
complex conductivity and impedance spectra of the
studied ceramics. The one in the high frequency
region was attributed to Li+ ion relaxation in the
bulk whereas the intermediate frequency range dis-
persion was caused by ion blocking effect at grain
boundaries of the ceramics. The low frequency re-
gion of the dispersion is associated with electrode
processes. Frequency dependences of the real part
of complex conductivity of Li1+4xTi2−xNbyP3−yO12

(x = 0.1, 0.2, 0.3;y = 0, 0.1, 0.2, 0.3) ceramics
measured at temperatureT = 530 K are shown in
Fig. 3. The dispersion regions shift to higher frequen-
cies while temperature is increased. Bulk (σb) and to-

Fig. 3. Frequency dependences of the real part of conductivity of
Li1+4xTi2−xNbyP3−yO12 (x = 0.1 0.2, 0.3;y = 0, 0.1, 0.2, 0.3)

ceramics.

Fig. 4. Characteristic impedance complex plane plot of ceramics
Li2.2Ti1.7Nb0.3P2.7O12.

tal (σtot) conductivities were derived from impedance
complex planeZ ′′(Z ′) and conductivity complex plane
σ′′(σ′) plots. The characteristicZ ′′(Z ′) and σ′′(σ′)
plots of Li2.2Ti1.7Nb0.3P2.7O12 ceramics at tempera-
ture T = 530 K can be seen in Figs. 4 and 5 respec-
tively. Temperature dependences ofσtot and σb of
Li1+4xTi2−xNbyP3−yO12 (x = 0.1, 0.2, 0.3;y = 0,
0.1, 0.2, 0.3) ceramics are shown in Figs. 6 and 7 re-
spectively.σb andσtot of investigated ceramics change
according to Arrhenius law in the studied temperature
range. The values ofσb andσtot as well as their ac-
tivation energies∆Eb and∆Etot are summarized in
Table 3. The comparing of results of the XRD and con-
ductivity investigations has shown that the increases
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Table 3.σb, σtot, and their activation energies of Li1+4xTi2−xNbyP3−yO12

ceramics at temperatureT = 530 K.

Compounds σb, S m−1 ∆Eb, eV σtot, S m−1 ∆Etot, eV

Li1.4Ti1.9P3O12 2.07 0.18 0.244 0.29
Li1.4Ti1.9Nb0.1P2.9O12 0.22 0.38 0.022 0.44
Li1.8Ti1.8Nb0.2P2.8O12 0.05 0.4 0.004 0.59
Li2.2Ti1.7Nb0.3P2.7O12 0.04 0.43 0.0038 0.59

Fig. 5. Characteristic conductivity complex plane plot of ceramics
Li2.2Ti1.7Nb0.3P2.7O12.

of amounts of the impurities LiTiPO5 lead to the de-
crease of total and bulk conductivities and increase
their activation energies. According to [16] the com-
pound LiTiPO5 exhibits a very low electrical conduc-
tivity ((5–10)·10−4 S/m at 673 K, its activation energy
∆E ≈ 1 eV). On the other hand, the values of con-
ductivities and their activation energies depend on the
ratios Li/Ti and Li/Nb in the investigated compounds.
The results of the XPS investigation showed that the
ratio Li/Nb in the compounds with stoichiometric pa-
rametery = 0.1, 0.2, and 0.3 was 14, 9, and 7 respec-
tively. The ratio Li/Ti in the compounds with stoichio-
metric parametery = 0, 0.1, 0.2, and 0.3 was found to
be 0.73, 0.7, 1, and 1.29 respectively. The decrease of
Li/Nb or the increase of Li/Ti ratios in the investigated
compounds caused a decrease of the values of bulk con-
ductivity and a decrease of their activation energy. The
temperature dependences of real part of dielectric per-
mittivity (ε′) and losses (tan δ) measured at frequency
1 GHz are presented in Figs. 8 and 9 respectively. At
room temperature the value ofε′ of Li1.4Ti1.9P3O12 ce-
ramic was found to be 12 and decreased with the in-
crease of stoichiometric parametersx, y and amount

Fig. 6. Temperature dependences of total conductivities of ceram-
ics Li1+4xTi2−xNbyP3−yO12.

Fig. 7. Temperature dependences of bulk conductivities of ceramics
Li1+4xTi2−xNbyP3−yO12.

of impurities in the ceramics, too (at room temperature
the value ofε′ of compound withy = 0.3 was found
to be 7). The increase of the values ofε′ of the in-
vestigated compounds with temperature can be caused
by contribution of the migration polarization of lithium
ions, vibration of lattice, and electronic polarization.
The increase oftan δ with temperature is related to the
contribution of conductivity in the investigated temper-
ature region.

4. Conclusions

The powder of Li1+4xTi2−xNbyP3−yO12 (x = 0.1,
0.2, 0.3;y = 0, 0.1, 0.2, 0.3) has been prepared by solid
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Fig. 8. Temperature dependences of dielectric permittivity of ce-
ramics Li1+4xTi2−xNbyP3−yO12: 1 (x = 0.1,y = 0); 2 (x = 0.1,

y = 0.1);3 (x = 0.2,y = 0.2);4 (x = 0.3,y = 0.3).

Fig. 9. Temperature dependences oftan δ of ceramics
Li1+4xTi2−xNbyP3−yO12: 1 (x = 0.1,y = 0); 2 (x = 0.1,y =

0.1);3 (x = 0.2,y = 0.2);4 (x = 0.3,y = 0.3).

state reaction and ceramics have been sintered. The re-
sults of XRD have shown that investigated compounds
belong to hexagonal symmetry (space groupR3c). In
all the compounds the impurities LiTiPO5 are present.
Ti 2p, P 2p, Nb 3d, O 1s, and Li 1s core level XP spectra
were fitted. The results of the XPS investigation sug-
gest that Ti ions are in Ti3+ and Ti4+ oxidation states.
It was ascertained that there are four different kinds of
oxygen on the ceramic surface, including lattice oxy-
gen, chemisorbed oxygen in the forms O2−, O−

2 , and
oxygen in hydroxyl environment (OH). The deconvo-
lution of the P 2p core level XP spectrum can be asso-
ciated with different amounts of P5+ and P3+ states in
the investigated ceramics. The P5+ and P3+ states in
the ceramics can be associated with group PO3−

4 and
group PO−3 respectively. The deconvolution of the Nb
3d core level XP spectrum can be associated with dif-

ferent amounts of Nb5+ and Nb4+ or lower (Nb3+) va-
lence states in the investigated ceramics.

Impedance spectroscopy study of the ceramics in
the frequency range of 10–109 Hz in the tempera-
ture range from 300 to 600 K has revealed that an
increase of the stoichiometric parametersx, y and
amount of impurities LiTiPO5 or a decrease of the
Li/Nb, or an increase of Li/Ti ratios in the investi-
gated Li1+4xTi2−xNbyP3−yO12 compounds lead to the
decrease of total and bulk conductivities and are in-
creasing their activation energies. At room temperature
the value ofε′ of Li1.4Ti1.9P3O12 ceramic was found
to be 12 and it decreases with the increase of stoichio-
metric parametersx andy of Li1+4xTi2−xNbyP3−yO12

ceramics.
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Santrauka

Li1+4xTi2−xNbyP3−yO12 (x = 0,1; 0,2; 0,3;y = 0; 0,1; 0,2;
0,3) junginių milteliai buvo sintezuoti kietųjų k ūnų reakcijos me-
todu. Pagamintų keramikų tankis siekė apie 94% jų teorinio tan-
kio. Kambario temperat ūroje tirti junginiai priklauso heksagoninei
singonijai (jų erdviṅe gruṗe yraR3c). Visuose junginiuose yra ap-
tinkamos LiTiPO5 priemaišos. Gauti Ti 2p, P 2p, Nb 3d, O 1s ir Li
1s Rentgeno fotoelektronų spektrai. Ti 2p Rentgeno fotoelektronų
spektrų analiże rodo, kad Ti jonai tirtuose junginiuose gali b ūti tri-
valeňciai ir keturvaleňciai. O 1s spektruose dominuoja keturios
smail̇es su skirtingomis ryšio energijomis. Tai susiję su keturiomis
deguonies energinėmis b ūsenomis keramikų paviršiuose: gardeli-
niu deguonimi, chemiškai absorbuotu O2− ir O−

2 b ūsenų deguo-
nimi bei deguonimi hidroksiliṅeje (OH) jungtyje. P 2p Rentgeno
fotoelektronų spektro skilimas į dvi smailes gali b ūti aiškinamas
skirtingais fosforo katijonų P5+ ir P3+ kiekiais tirtose keramikose.

P5+ ir P3+ katijonai keramikų paviršiuose atitinkamai gali sudaryti
PO3−

4 ir PO−
3 jungtis. Nb 3d Rentgeno fotoelektronų spektro ski-

limas į dvi smailes gali b ūti siejamas su skirtingais Nb5+ ir Nb4+

ar netgi žemesnio (Nb3+) valentingumo katijonų kiekiais tirtų ke-
ramikų paviršiuose.

Elektrinės keramikų savyḃes buvo tirtos 10–3·109 Hz dažnių ir
300–600 K temperat ūros intervaluose. Tyrimų rezultatai rodo, kad
keramikose reiškiasi dvi relaksacinės dispersijos, kurios nusako-
mos jonų pernaša keramikų tarpkristalitinėse sand ūrose bei krista-
lituose. Stechiometrijos parametrųx ir y didėjimas lemia LiTiPO5
priemaišiṅes fażes santykinį diḋejimą tirtuose junginiuose. Toks
LiTiPO5 kiekio didėjimas mažina dielektrinę skvarbą, bendrąjį ir
kristalitinį joninius laidumus bei didina jų aktyvacijos energijas.
Tirtų keramikų santykiṅes dielektriṅes skvarbos vertės diḋeja ky-
lant temperat ūrai. Tokį temperat ūrinį kitimą lemia migracinės,
tampriosios joniṅes bei elektroniṅes poliarizacijų inḋeliai į tirtųjų
keramikųε′ vertes.
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