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undergoes a shift at high frequencies (Fig. 3(b)) since 
the Li+, which is an atom that replaces the atoms of 
Na+ and K+ at site A, is a lighter atom than those it 
replaces. Likewise, the constant force is increased and 
can be related to an increase of the structural disorder 
due to the substitution of Na/K atoms by Li [36], while 
the samples doped with La3+ and Ti4+ which are heavier 
atoms substitute the Na+ and K+ atoms at site A and 
Nb5+ at site B, respectively. This shows a shift towards 
lower frequencies of most of the modes (Fig. 3(b)) and 
the force constants decrease. 

The ν5(T2g) and ν1(A1g) modes are very intense 
bands in the samples due to the high symmetry of the 
octahedron, which is affected when doping with 
different ions (Fig. 3(a)). In the spectral range of 
180–350 cm–1, three Raman modes are detected for all 
samples (both monoclinic and orthorhombic phases). 
The modes with a range of 360–510 cm–1 (Fig. 4(a)), 
two bands are shown for KNN (ν4 modes) [36] and 
only one Raman band (ν4) is shown for the other 
samples. In modes that range from 500 to 700 cm–1, 
the characteristic bands (ν2 and ν1) for doped KNN and 
pure KNN are shown.  

The ν1+ν5 Raman mode (Fig. 4(b)), which is present 
in the doped samples, is characteristic for both the 
monoclinic and orthorhombic phases, and it is 
sensitive to the concentration of Na+ and K+  [37]. 
Additionally, the ν1+ν5 mode is well defined for KNN, 
but for the doped KNN, the ν1+ν5 mode is broad and is 
more noticeable for samples containing La3+ and Ti4+.  

 

 
 

Fig. 4  Deconvoluted detail of (a) modes ν4 at 
frequencies ranging from 360 to 510 cm–1 and (b) ν1+ν5 
and K6Nb10.8O30 at the frequencies ranging from 810 to 
930 cm–1. 

The doped samples show an additional vibrational 
mode (Fig. 4(b)) detected at 876 cm–1 for KNNLi6, 
891 cm–1 for KNNLa1.66, 898 cm–1 for KNNLa1.66Ti1, 
897 cm–1 for KNNLa5Ti1, and 891 cm–1 for KNNLa6Li1. 
This is associated with the formation of the secondary 
phase K6Nb10.8O30, also identified by XRD. The presence 
of this kind of secondary phase has been previously 
reported by other authors [28]. 

In the scanning electron microscopy (SEM) analysis, 
the images of the sintered ceramic samples are shown 
(Fig. 5). Here, a dependence of the grain size with the 
doping, observing a decrease of the grain size in all 
doped samples can be observed. 

 

 

 

 
 

Fig. 5  SEM images of pure and doped KNN sintered at 
different temperatures.  

 

All micrographs show the typical morphology of 
ceramics based on alkaline niobates. The grain size 
measurements demonstrated that pure KNN shows the 
largest grain size (1.16 μm) and it decreases with the 
addition of dopants. The large error bar, shown in the 
KNN sample, is because there are two ranges of grain 
size distributions related to the monoclinic and 
orthorhombic phases, corresponding to the results 
obtained in XRD (Table 2), where the monoclinic and 
orthorhombic phases are in similar proportions [32,33]. 
The sample that showed the smallest grain size is 
KNNLa1.66 (Fig. 6) with an average grain size of 0.4 μm. 
Previous studies report that the effect of doping 
promotes the diffusion of substituted ions to the grain 


