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Abstract   
LixAg1-xNbO3 (0 ≤ x ≤ 0.10) compositions have been fabricated by the mixed oxide route to 
study the effect of Li on the host material, AgNbO3. The main X-ray diffraction (XRD) 
traces for ceramics with x < 0.10 were single phase and could be indexed according to the 
orthorhombic, Pbcm, structure, √2ap×√2ap×4ap (where ap = pseudocubic perovskite lattice 
parameter). For composition with x = 0.1, extra peaks, attributed to LiNbO3, were 
observed, accompanied by phase transformation to the rhombohedral, R3c, structure. The 
same phase change was also revealed by Raman scattering and electron diffraction but 
the latter technique revealed reflections for x = 0.1 at ±1/6{00l} and ½{ooo}±1/6{00l} (where 
o = odd). Previous investigations (Nalbandyan et al. 1980, Sakabe et al. 2001, Fu et al. 
2008) report that Li- content > ~ 0.06 had rhombohedral, R3c, symmetry and a-a-a- tilt 
system evidenced by reflections at ½{ooo} positions. Nevertheless the present study 
supports the premise that Li doping 0.05 < x < 0.1 causes a new modulated tilt system 
with a √2ap×√2ap×6ap. This phenomenon is also reflected by the strong asymmetry in the 
M3–M2 dielectric anomaly. Slim polarisation versus field loops were observed indicating 
remanent polarisations that went up as a function of increasing Li-concentration albeit 
under subcoercive fields. 
 
1. Introduction 
AgNbO3 assumes a series of structural 
phase transitions (SPTs). According to 
the phase diagram, Figure 11., AgNbO3 
undergoes a transition from cubic (C) to 
tetragonal (T) phase at ~ 852 K. On 
cooling, the transformation temperature 
to the orthorhombic phase, O2, gradually 
increases to ~ 703 K with increasing Ta-
concentration. Below ~ 634 K, the 
system undergoes a further transition to 
a phase, shown as shaded area in figure 
1, described by Kania2 as orthorhombic 
O1. Further cooling gives rise to O1↔M3, 
M3↔M2 and M2↔M1 phase transitions at 
~ 620, ~ 530 and ~ 340 K respectively for 
AgNbO3. The structures of the phases at 
temperatures ≥ ~ 620 K are reasonably 

well understood3 but the exact nature of the 
M1, M2 and M3 phases is still to be worked 
out4. N.B. these phases exhibit 
technologically important ferroic properties5. 
The M-phases seem to invoke a Pbcm 
symmetry defined by a complex tilt system     
a-b-c± with a √2ap×√2ap×4ap (where ap is the 
fundamental perovskite lattice parameter) 
unit cell, first proposed as the room 
temperature structure of NaNbO3

6. The 
strong evidence for the M-phase transitions is 
broad permittivity peaks in dielectric 
measurements as a function of temperature2. 
Since the M3–M2 phase transition covers 
operation temperature range of many 
devices, it, therefore, seems to be of most 
practical utility. 
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Recent Density Functional Theory (DFT) 
calculations7,8 about ferroelectricity driven 
by Ag and Li on the A-site, and the 
consequent discovery of a high 
ferroelectric state, Pr = 52 µC/cm2 under 
the field 220 kV/cm at room temperature, 
AgNbO3 ceramic4 has drawn further 
attention towards LAN-based materials to 
work on. In their investigations on (LixAg1-

x)NbO3 ceramics, Sakabe et al.9 have 
reported room temperature εr > 1000 
along with a remanent polarisation of 23 
µC/cm2 for compositions with x = 0.1. 
Albeit in later study10 on single crystals of 
(Li0.1Ag0.9)NbO3 were reported inferior 
values of remanent polarisation, ~ 10.7 
µC/cm2 and dielectric constant, ~ 900, but 
the estimated piezoelectric coefficient d31, 
130 pC/N, and electromechanical 
coupling coefficient, k31 ~ 70.5%10, from 
the incompletely poled crystals were 
considered encouraging. Further 
investigations11 on Li-doped AgNbO3 
single crystals showed much improved 
Pr, 40 µC/cm2, d33, ~ 180 pC/N, and εr, 
530, for Li concentration 6.2%. Here, a 
detailed structural analysis of (LixAg1-

x)NbO3, utilising in-house XRD, Raman 
spectroscopy and electron diffraction, is 
reported. The data from these 
investigations are used to reinterpret the 
structure-property relationships of the 
compositions LixAg1-xNbO3 (0.5 < x < 
0.10). 
 
2. Experimental Procedure  
Reagent-grade raw materials, Ag2O 
(Sigma–Aldrich 99.99+%), Nb2O5 and 
Li2CO3 (Sigma-Aldrich 99.9%) were dried 
at 80oC for 48 hours and 
stoichiometrically batched with 
0 ≤ x ≤ 0.1. This was followed by ball 
milling in distilled water using Zirconia 

stabilized alumina media in polythene jars for 
24 hours. The mixture was then reacted at 
850–885 °C (12 hours) in the oxygen 
atmosphere. The reacted powders were 
uniaxially pressed by 50 MPa into disks of 8 
mm diameter followed by cold isostatic 
pressing (CIP) at 200 MPa for 2 minutes. 
Pellets were sintered at around 1000°C for 4–
6 hours, using ramp rates of 3°C/minute in 
flowing O2 to avoid cracks, and Li and Ag loss 
respectively. Good quality 90–95% dense 
ceramics were achieved. 
Phase purity and microstructural analysis of 
reacted powders and crushed sintered pellets 
were performed using a STOE PSD X-ray 
diffractometer. XRD traces were indexed and 
analysed using WinXpow software. Surface 
morphology of the polished and carbon 
coated samples was carried out with a JEOL 
6400 scanning electron microscope (SEM) 
equipped with Energy Dispersive 
Spectroscopy (EDS) detector. Electron 
diffraction patterns and bight filed (BF) 
transmission electron microscopy (TEM) 
images were obtained using a Philips EM 430 
microscope operating at 300 kV. Raman 
scattering off the polished surfaces of the 
pellets was recorded using Renishaw inVia 
Raman spectrometer equipped with a Peltier-
cooled CCD detector. The excitation source 
used was a continuous wave Ar-laser 
(20 mW, 514.5 nm). Raman spectral lines 
were studied in the frequency range 50–
1000 cm-1 and temperature range 83–700 K. 
The dielectric response of the gold coated 
disks was measured as a function of 
increasing temperature using Agilent E4980A 
(10–320 K), and Hewlett–Packard 4284A 
LCR meters in the temperature range 320–
850 K. The polarisation – electric field 
relationships were obtained from the electric 
current induced in a specimen subjected to a 
sinusoidal field. Integration of the current with 
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respect to time yielded the electric 
charge, enabling calculation of the 
polarisation in terms of surface charge 
density. 
 
3. Results and Discussion 
 
3.1  X-Ray Diffraction and Scanning 

Electron Microscopy 
Figure 2 shows XRD peaks of LAN 
ceramics. Compositions with x ≤ 0.05 
were single phase and indexed according 
to an orthorhombic, Pbcm, structure; 
however, the perovskite phase in the 
composition with x = 0.1 may be indexed 
using a rhombohedral structure with R3c 
symmetry first proposed by Nalbandyan 
et al.12. Minor phases, indexed as *, ф 
and ψ, were associated with LiNbO3, 
Li3NbO4 and AgNb3O8 respectively. The 
peak labeled as ‘?’ could not be 
identified. The following two important 
points may be readily noted from the 
XRD data: 
(i) LiNbO3 peak at 34.7°, shown by 

asterisk, indicated that metastable 
solid solubility limit was at 0.05 < x < 
0.1. 

(ii) There was a structural phase 
transition at 0.05 < x < 0.1 in which 
the symmetry metrically changed from 
orthorhombic, Pbcm, to rhombohedral 
R3c, illustrated as the coalescence of 
(220) and (008) into (024) peak. 

Figure 3 shows the SEM micrographs 
recorded from as-polished surfaces of 
LAN compositions. It is evident that the 
pores become wider and interconnected 
with an increase in Li-content. The 
probable reason for this phenomenon 
seems to be the increased loss of Li 
during the sintering process. 
 

3.2  Raman Spectroscopy 
The normalized and Bose-Einstein corrected 
Raman spectra for LAN ceramics, 0 ≤ x ≤ 
0.05, at 83 K and room temperature  are 
displayed in Figures 4 and 5. It is evident that 
the spectra for x = 0 & 0.05 are similar except 
that there is slight broadening of the modes 
for the later composition. This typical effect is 
also reported13 for LixAg1-x(Nb0.5Ta0.5)O3 
(LANT) solid solutions. This broadening is 
more conspicuous in the low frequency part, 
≤ 400 cm-1, and related to a decrease in 
correlation length of B-site cation 
displacements. 
For x = 0.1, the following changes are clearly 
observed in the shape and profile of the 
spectrum: 
(i) Emergence of the phonon peak at ~ 814 

cm-1, A1g(υ1) mode, and disappearance of 
peak at ~ 662 cm-1, Figure 4. 

(ii) Shifting of the mode at ~275 to the low 
frequency side, 235.4 cm-1, and 
convergence of the modes at ~193 and 
~226 cm-1, Figure 4.  

XRD traces, Figure 2, illustrated that the 
(220) and (008) peaks coalesced into a single 
(024) peak for x = 0.1 which was ascribed to 
a phase transition from Pbcm to R3c 
symmetry. The emergence of the bands 
described above is consistent with the onset 
of a structural phase transition (SPT) for 0.05 
< x < 0.1. 
 
3.3 Electron diffraction 
Figure 6 shows room temperature 〈100〉p and 
〈310〉p zone axis diffraction patterns (ZADPs) 
and BF-TEM images from LAN compositions, 
0 ≤ x ≤ 0.1. For x = 0.05, there was a 
qualitative decrease in the intensities of 
superlattice reflections of character ¼{00l} 
and ½{ooo} ± {00¼}, similar to that reported13 
for the LANT compositions. This 
phenomenon, attributed to the transition from 
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long to short range order, is also evident 
from the decreasing width of domains 
and is consistent with the broadening of 
Raman modes discussed earlier, §3.2. 
Electron diffraction patterns, recorded 
from composition with x = 0.1 revealed 
superstructure reflections of character 
½{ooo}, ½{ooe}, ±1/6{00l} and ½{ooo} ± 
1/6{00l}, Figures 7 & 8. The contrast, 
based on 4ap and 6ap lattice spacing 
along c, in compositions with x = 0 and x 
= 0.1 respectively, is more distinct in the 
expanded views, Figure 6. The latter 
modulations, 6ap, for compositions with x 
=0.1 is inconsistent with the premise9, 11, 

12 that increasing Li-concentration > 
~0.06 invokes a transition from an 
orthorhombic, pbcm, to a rhombohedral, 
R3c, structure. Instead, the electron 
diffraction patterns hint at unit cell 
dimensions √2ap×√2ap×6ap along [001]p  
whereas a and b are rotated through 45o 
with respect to the fundamental 
perovskite cell. This cell is strikingly 
different from that conventionally 
attributed to the structure of AgNbO3 at 
room temperature, in the sense that the 
former is sextupled (rather than 
quadrupled) along [001]p direction. 
Figures 7 and 8 show 〈111〉p, 〈210〉p, 
〈100〉p and 〈110〉p ZADPs from x = 0.1 
revealing extra reflections of the types 
½{ooe} and ½{ooo} corresponding 
respectively to inphase and antiphase 
tilting. Figure 8 additionally displays 
〈110〉p electron diffraction patterns from 
composition with x = 0.1 at 80 and 200 K. 
Similar distribution of reflections at 
different temperatures suggests that 
there is no further cell multiplication on 
cooling. 
In the light of the above discussion, the 
(LixAg1-x)NbO3 patterns from x = 0.1, the 

structure of the cell may be conceived to be 
an array of blocks each consisting of three 
(instead of two) octahedra, and rotated in 
clock and anticlock wise directions along c. 
Reflections of character ½{eeo} also appear 
in these patterns that indicate antiparallel 
displacements of the A-site ions14. Due to 
dissimilar distribution of reflections from grain 
to grain, an unambiguous interpretation of the 
structure and symmetry is not possible at this 
juncture. High resolution X-ray and neutron 
diffraction studies are required to figure out 
the structure and symmetry of this new tilt 
system. 
 
3.4 Electrical Properties 

Plots of relative permittivity and tanδ peaks 
measured from LAN ceramics as a function of 
increasing temperature (10–850 K) at 1 MHz 
are shown in Figure 9. It is evident that for the 
base material, x = 0, the sequence M1–M2, 
M2–M3 and M3–O SPTs appear around 
345 K, 535 K and 628 K, respectively, 
consistent with the Pawelczyk phase 
diagram1. With 5 % Li, the M1–M2 peak is 
shifted to 325 K, and M2–M3 and M3–O to 
550 and 704 K respectively. For x = 0.1, the 
permittivity maximum associated with the M3–
M2 anomaly becomes asymmetric. This 
asymmetry appears in the form of the 
broadening and reduction in intensity of  M2–
M1 transition. The asymmetry in the 
permittivity maxima particularly for the M3–M2 
transition strongly supports our previous data 
in favour of a SPT at 0.05 < x < 0.1. 
The increasing temperature of the O2–M3 
transition seems to be due to the substitution 
of the smaller sized Li (rLi = 1.25 Å for CN 
1215) for the bigger sized Ag (rAg = 1.45 Å for 
CN 1215) that decreases the average 
tolerance factor of the perovskite cell.  
Figure 10 depicts different magnitudes of 
ferroelectric response of LAN ceramics at 
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250 K. There is an evidence of a slim and 
unsaturated hysteresis loop, suggesting 
weak ferroelectricity for x = 0.05. An 
increase in the remnant polarisation can 

be noticed for the composition with x = 0.1 
but under the subcoercive field. 
 
 

 

 
 

 
Figure 1: Phase diagram of the Ag(NbxTa1-x)O3 system, after Pawelczyk1. 
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Figure 2. Room temperature XRD for LixAg1-xNbO3 ceramics. Main peaks are indexed 
according to orthorhombic, pbcm, structure (JCPDS card 52-405) for x = 0 and 0.05 and a 
rhombohedral, R3c, structure (JCPDS card 53-346) for x = 0.1. Minor phases are indexed 
as: * = LiNbO3 (JCPDS card 20-631); ф = Li3NbO4 (JCPDS card 82-1198); ψ = AgNb3O8 
(JCPDS card 79-2014); and ? = unknown. 

 

 
 

Figure 3. SEM micrographs for LAN ceramics and EDS spectra from the surface of the 
sample with x = 0.10. 
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Figure 4. Raman spectra of LAN ceramics at 83 K. 
 

 
 

Figure 5. Raman spectra of LAN ceramics at 293 K. 
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Figure 6. <001>p and <310>p zone axis diffraction patterns (ZADPs) and bright field TEM 
images for LAN ceramics as a function of Li-concentration. 

{½ooo}± {00l} 

 

{00l} 

½{ooo}±¼{00l} ¼{00l} 

x = 0 

x = 0.10 



J Pak Mater Soc 2010 4 (2) 
 

 
H. U. Khana, I. M. Reaneyb and I. Sterianoub: A new Superstructure …. 

 
59

 
 
 

Figure 7. Room temperature 〈111〉p, 〈210〉p and 〈100〉p ZADPs for x = 0.10. 
 
 

 
 
 

Figure 8. Electron diffractions along 〈110〉p at 80, 200 and 300 K for x = 0.10. 
 
 

{00l} 
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Figure 9. εr and tan δ  peaks as a function of temperature of LAN ceramics at 1 MHz 
frequency. 

 

 
 

Figure 10. Ferroelectric response of LAN ceramics at 250 K. 
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4. Conclusions 
The structure of (LixAg1-x)NbO3 is 
orthorhombic (√2ap×√2ap×4ap) with Pbcm 
symmetry below the solubility limit (i.e. 
0.05 < x < 0.1). Above this limit, the 
complex long-range in-phase/antiphase 
NaNbO3 tilt system around c is replaced 
by a new structure with a unit cell 
√2ap×√2ap×6ap which is metrically 
rhombohedral within the detection limit of 
the in-house XRD. Transition from the 
orthorhombic Pbcm cell to the new 6ap 
supercell results in asymmetry of the 
permittivity maxima normally associated 
with the M3–M2 transition and a 
broadening and weakening of the M2–M1 
transition. However, further in-situ work is 
required to determine the precise phase 
transition sequence at high temperature 
and precise mechanism that gives rise to 
asymmetry of the M3–M2 permittivity 
maximum. Polarisation vs. field loops 
undergo a step change from slim, 
saturated ferroelectric loops for Pbcm 
(x ≤ 0.05) symmetry to unsaturated loops 
for the 6ap superstructure (x ≥ 0.1). 
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