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In this study, SrLaLiTeO6 compound was synthesized using solid-state method, and its 

morphology and magnetic properties were investigated for the first time. The Rietveld 

refinement of the X-ray diffraction data showed that the compound crystallized in 

monoclinic symmetry (P21/n space group) and the formation of Li–O–Te bonds in the 

compound were confirmed using infrared spectroscopy. The morphological study 

exhibited rough grain formation on the compound. AC magnetization measurement at 

different frequencies in the range of 200–500 Hz showed that this compound had magnetic 

paramagnetic transition to spin glass (SG) as the temperature decreased from room 

temperature to 20 K. For the SG value, p = 0.13 was calculated at the temperature range 

70–80 K, which indicates that this compound may possess cluster glass or 

superparamagnetic properties instead of conventional SG. 
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1. Introduction 
 

Research on perovskites have been conducted extensively due to its promising abilities, 

such as magnetic, electrical, optical or mechanical properties [1-3]. The main characteristics of 

these compounds are ionic conductivity, colossal magnetoresistance, ferroelectric and 

ferromagnetic abilities. Owing to these abilities, perovskites can be deployed in many applications 

such as sensors [4,5], capacitors [6], microwave resonators [7] and magnetic memory components 

[8]. 

Double perovskite oxides introduced an ordered rock salt-like arrangement of corner-

sharing BO6 and B′O6 units in the crystal structure. Double perovskite oxides essentially comprise 

A2BB'O6 or AA'BB'O6 configuration, where A or A′ is an alkaline- or rare-earth metal in groups I 

or II, while B and B′ are transition metals. These configurations were derived from ABO3 ternary 

perovskites, where 6 out of the 12 A-site cations and 6 B-site cations were replaced by appropriate 

A′ and B′ cations, respectively. Double perovskite with the general configuration of A2BB′O6 

exhibited a wide range of interesting properties from theoretical points of view, including 

magnetic property which is also applied to uncommon Te
6+

-based double perovskites. For 

instance, structural and magnetic property of Sr2CoTeO6 compounds investigated and it was 

reported that Sr2CoTeO6 compound exhibits P21/n monoclinic structure and AFM ordering [9, 10] 

or very small FM property with TN at 15 K. The relatively high TN and lower ordered moment for 

Sr2CoTeO6 (5.48 mB f.u.
-1

) can be correlated with the A-site ions which affecting the charge in 

Co-O bonds indirectly [9]. Structural and magnetic studies on Sr2Co1-xMgxTeO6 compounds were 

done where they displayed P21/n monoclinic and I2/m tetragonal structure at low doping and high 

doping, respectively. Furthermore, oppression towards FM property occurred in this perovskite 

with increment of dopant concentrations at Co-sites [11]. 

Besides, attentions have been focused to AA’BB’O6 double perovskites too. This kind of 

perovskites exhibits simultaneous layered ordering of A-site cations and rock salt ordering of B-
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site cations. Recently, Amrithakrishnan et al. [12] discussed SrLaLiTeO6 compound and this 

compound possesses P21/n monoclinic structure and 1:1 B-site ordering of Te
6+ 

and Li
+ 

cations. 

These results were supported by works of Lal et al. [13] and Lopez et al. [14]. Study of magnetic 

property of this compound is still unavailable in literature. Thus, we aim to understand the 

structure-magnetism correlation mechanism in SrLaLiTeO6. 

 

 
2. Experimental 
              

The polycrystalline powders of SrLaLiTeO6 were synthesized using a solid-state reaction 

method. High-purity (≥99.99%) strontium carbonate (SrCO3), lithium carbonate (Li2CO3), 
lanthanum oxide (La2O3) and tellurium dioxide (TeO2) powders were used as raw materials. The 

chemical powders were mixed at stoichiometric ratios with a total mass of 5 g. Then, the samples 

were ground in agate mortar by pestle for 1 h to achieve good homogeneity. After the grinding 

process, the mixed powder sample was pressed into a pellet at the pressure range of 4–5 KPa by 

using hydraulic press. Then, the pellet was placed on an alumina crucible and calcinated in a box 

furnace at 850 °C for 10 h, with heating rate of 15 °C/min and cooling rate of 1 °C/min. The 

crystal structure of the sample was analyzed by XRD measurement in a PANanalytical model 

Xpert PRO MPD diffractometer equipped with a Cu Kα source. EXPGUI software [15,16] was 

used for Rietveld refinement [17] prior as visualized in the VESTA program. Peak shape was 

modeled by pseudo-Voight function that was refined together with cell parameter, scale factor, 

zero factor, and background function. The infrared (IR) reflectance spectra were recorded in 

Fourier transform IR (FTIR)-Raman Drift Nicolet 6700 equipment ranging from 400 cm
−1

 to 1500 

cm
−1

. As preparation, the sample needs to be mixed thoroughly with KBr before the FTIR 

characterization. Morphology study was conducted via Field-emission Scanning Electron 

Microscopy (FESEM) characterization by using SU 8000 (Hitachi, Japan). The grain size was 

measured using ImageJ software. Magnetic study was performed by AC susceptibility 

measurement using a Signal Recovery 7265 lock-in amplifier from 300 K to 20 K, with 

frequencies ranging from 200 Hz to 500 Hz at 1 Oe.  

 

 
3. Results and discussion 
              

Fig. 1 shows the refined XRD data of SrLaLiTeO6 by the Rietveld refinement method. 

The compound formed in a single phase. The obtained reliability (χ
2
) was 1.258, and the refined 

lattice parameters were a = 5.631 Ǻ, b = 5.598 Ǻ, c = 7.931 Ǻ whereas α = 90°, ß = 90° and γ = 

90°. The obtained unit cell volume of this sample was 249.9 Ǻ
3
. Good agreement between 

observed and calculated interplanar spacings (d-values) indicated that this compound was 

crystallized in a monoclinic structure with a P21/n space group structure. The parameters obtained 

from this refinement are presented in Table 1. As shown in this table, six O
2−

 were located around 

each Te
6+

 and Li
+
 to form an octahedral-like structure from the ab plane, while Sr

2+
 and La

3+ 

tended to merge (fill the same occupancy) and be placed between these Te(Li)O6 octahedral layers, 

as presented in Figure 2. This compound was arranged in a monoclinic structure with a rock salt 

lattice of the corner-shared octahedra of TeO6, with Sr and La cations positioned in the cubic 12-

fold coordination sites. Li and Te did not merge on the B sites observed in the single-crystal X-ray 

data due to the large charge difference between the Li
+
 and Te

6+ 
cations. The locations of Sr

2+
 and 

La
3+

 were at (0.497, 0.506, 0.253), while Li
+
 was at (0.5, 0, 0) and Te

6+ 
at (0, 0.5, 0), as calculated 

by the following tolerance factor formula:  

 

                                                          𝜏 =  
𝑅𝑎+ 𝑅𝑎′

2
 + 𝑅𝑜

√2( 
𝑅𝑏+ 𝑅𝑏′

2
 + 𝑅𝑜 )

                                                                      (1) 

 

where Ra and Ra’ represent radii of A-site atoms (Sr and La), Rb and Rb’ represent radii of B-site 

atoms (Li and Te) and Ro represents radius of oxygen atom (O), respectively. For an ideal cubic 
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structure, 𝜏 must be equal to 1. If the A-site cation was extremely small, or the B-site cation was 

extremely large, the structure was distorted, with the tilting occurrence of the B and B′ octahedra, 

thereby decreasing the crystal symmetry of the double perovskite from cubic (the perfect cube) to 

decrease symmetry configurations until monoclinic symmetry was achieved; this result was 

indicated by the deviation of the tolerance factor further from 𝜏 = 1. For this compound, the 

obtained value was 0.961 with Sr
2+ 

of 1.44 Ǻ [CN:12], La
3+

 of 1.36 Ǻ [CN:12], Li
+
 of 0.76 Ǻ 

[CN:6], Te
6+ 

of 0.56 Ǻ [CN:6], and O
2−

 of 1.40 Ǻ [CN:6] [18] in agreement with reported result 

[12]. The relatively small sizes of Sr
2+

 and La
3+

 resulted in a tolerance factor of <0.99. The value 

of the octahedra tilting distortion angle was calculated based on the following equation:  

 

                                                        𝜙 =    
180−𝜃 

2
                                                                   (2) 

 

where θ represents the average (Li–O–Te) bond angles [19]. The value that calculated for this 

sample was 9.6°. The average bond distance of Sr/La–O was 2.817(2) Å. The tilting caused the 

bond angles between octahedral B sites Li–O1–Te, Li–O2–Te, and Li–O3–Te to be 155.0(2)°, 

160.3(1)° and 167.1(7)°, respectively. Meanwhile, the bond distances of Li–O and Te–O were 

2.095(5) Å and 1.934(5) Å, respectively, where 2 equidistance bonds for every plane O in Te–O 

and Li–O bonds. Li–O1, Li–O2, and Li–O3 bonds had 2.127(8) Å, 2.091(6) Å and 2.066(1) Å 

respectively. Meanwhile, Te–O1, Te–O2, and Te–O3 had 1.939(7) Å, 1.939(6) Å and 1.925(1) Å, 

respectively. These values showed that tilting caused the structural lattice distortion of the B-site 

orthorhombic structure as they have different lengths in each Li/Te–O bonds in every plane. The 

average bond distances of Li–O were longer than those of Te–O, which agreed with the result that 

Li
+
 (0.76 Å) had a larger ionic radius than Te

6+
 (0.56 Å). The degree of cation ordering was also 

calculated from equation comprising long-range order parameter as follows [20]: 

 

                                                      𝐿𝑅𝑂 = (2(𝑜𝑐𝑐)𝑀 − 1)  x 100%                                                   (3) 

 

where (occ)M is the fractional occupancy of the Li
+ 

or Te
6+ 

cations in the octahedral structure of the 

B sites or Sr
2+

 or La
3+

 in the A sites that are predominantly occupied by this cation. The obtained 

value of LRO in the B sites was 100% as the fractional occupancy of Li
+ 

or Te
6+ 

cations was 1 

from Rietveld refinement because no doped ions were observed in these sites. The long-range 

ordering in this compound was referred to as Li–O–Te–O–Li.  

The crystallite size, D, was calculated using the following Scherrer equation [21]: 

 

                                                                   𝐷 =  
𝐾𝜆

𝛽(𝜃) cos 𝜃
                                                                       (4)  

 

where K is the constant (0.94), λ is the wavelength of XRD (1.5405 Å), β is the full width at half 

maximum, and θ is the angle of peak of XRD. The calculated D in this compound was 18 nm. As 

D depended on the nucleation rate of the compound, the D value that was obtained for this 

compound was most probably due to the relatively low calcinating temperature at 850 °C for 10 h. 

Thus, the nucleation rate would be slow, thereby resulting in fine crystallite. Then, this process 

decreased the surface tension of the compound. 
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Fig. 1. Rietveld refinement of X-ray diffraction pattern SrLaLiTeO6. Red crosses lines are observed 

data, the black solid line is the calculated pattern and the blue solid line is the difference. Blue tick 

marks indicate the allowed Bragg reflections for SrLaLiTeO6. 

 

  
 

Fig. 2. Visual image of refined XRD of SrLaLiTeO6 from ac plane where yellow, red atoms indicate 

Sr
2+

 and La
3+

 cation, respectively, while purple, green atoms indicate Te
6+ 

and Li
+ 

cation, 

respectively. 

 

 
Table 1. Lattice parameters, unit cell volume, calculated tilting angle (ϕ), calculated crystallite size 

(D), good fitness, bond angles and bond lengths of SrLaLiTeO6 as obtained from Rietveld refinement. 

 

Lattice parameters Bond lengths (Ǻ) 

a (Å) 5.631 Li-O1(x 2) 2.127(8) 

b (Å) 5.598 Li-O2(x 2) 2.091(6) 

c (Å) 7.931 Li-O3(x 2) 2.066(1) 

α 90.00° Ave. < Li-O > 2.095(5) 

ß 90.03° Te-O1(x 2) 1.939(7) 

γ 90.00° Te-O2(x 2) 1.939(6) 

Unit cell volume, V (Å
3
) Te-O3 (x 2) 1.925(1) 

249.9 Ave. <Te-O > 1.934(5) 

Tilting angle, Φ Ave. < Sr/La-O > 2.817(2) 

9.60° Ave. < Sr-Sr > 3.969(1) 

Fit Goodness Ave. < La-La > 3.969(1) 

χ
2
 1.21 Bond angles (°) 

Rp (%) 7.90 Li-O1-Te 155.1(2) 

Rwp  (%) 10.38 Li-O2-Te 160.3(1) 

Crystallite Size, D Li-O3-Te 167.1(7) 

18 nm   
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Fig 3 shows that the FTIR result of SrLaLiTeO6 with substantial ambient peaks was in the 

range of 400–1500 cm
−1

. The emergence of peaks with medium intensities at 455, 491, 495, 473, 

509, 517, and 521 cm
−1 

can be assigned to antisymmetric stretching vibrations (v1) in Te(Li)O6 

octahedra between Te–O–Li bonds. Meanwhile, the strong peaks at 641, 660, 677, 693, 711, 722, 

727, 733, 745, and 757 cm
−1 

can be assigned to the symmetric stretching vibration (v2) of the 

Te(Li)O6 octahedra between Te–O–Li bonds [22-26]. An observable weak peak was observed at 

870 cm
−1

, which was due to external mode other than Te(Li)O6 octahedra. A feeble peak at 1427 

cm
−1

 was most probably due to the adsorbed moisture in the sample during FTIR run preparation.  
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Fig. 3. FTIR spectrum of SrLaLiTeO6. 

 

Fig. 4 exhibits the FESEM images with 5 and 10 K magnifications with EDX results 

possessing elements present in the sample. The image with 5 K magnification proved that this 

compound had grains that were discerned, rough, and had inhomogeneous characteristics with 

almost the same shape distribution. Meanwhile, 10 K magnification image illustrated that this 

compound had poor connectivity between grains. Similar size distribution of grains observed from 

this FESEM image. However, these grains formed the agglomerates. The measured size of 

agglomerates formed by these fine grains were in the range of 0.2–1.2 µm. Due to the small size of 

crystallite, the sliding process between these grains can be frequent as there were lots of 

amorphous spaces between grains. However, the sliding process can be reduced with the formation 

of agglomerates [21]. The EDX graph showed that Sr, La, Te, Li and O elements existed in the 

sample in accordance with the stoichiometric chemical formula (not shown).   

 

 
         a)                                                                          b) 

  

Fig. 4. FESEM images with (a) 5K magnification and (b) 10K magnification of SrLaLiTeO6. 
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As shown in Fig. 5a, that is, the graph of the real component of AC susceptibility, x′ 

versus T showed the presence of peaks, which exhibited magnetic phase transition. This 

phenomenon was accompanied by the presence of peaks from the graph of the imaginary 

component of AC susceptibility, x″ versus T in Figure 5b. The former graph showed frequency-

dependent peaks, with shifted toward high temperatures from approximately 70 K to 72 K, as the 

frequency increased from 300 Hz to 500 Hz. Meanwhile, Fig. 5b shows the frequency-dependent 

peaks, which showed an upward shift at approximately 76 K to 79 K with increasing frequency. 

The x′ susceptibility peaks decreased when  frequency increased, while the height of the x″ peaks 

was enhanced as frequency increased. Table 2 shows the peak temperatures obtained at each 

frequency for the x′ and x″ components. 

To analyze the magnetic property further, we plotted the 1/x′ versus temperature plot for 

all frequencies. The inset of Fig. 5a shows the 1/x′ versus temperature plot for the samples at 300 

Hz. As shown in this plot, the plot followed Curie law behavior when temperature decreased till 

130 K prior deviation upward as temperatures further decreased. The plots for each frequency 

(300–500 Hz) exhibited the same trend and shape. For 400 and 500 Hz, the Curie law behavior 

was followed until the temperature decreased to 116 K and 119 K, respectively (not shown in the 

figure). Tc of each frequency included in Table 2. 
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Fig. 5. (a) Real (x’) and (b) imaginary (x’’) parts of AC susceptibility characterization of 

SrLaLiTeO6. Inset of (a) 1/x’ graph from x’ susceptibility. 

 

 

Table 2. Freezing temperatures, Tf and Curie temperatures, Tc and maximum temperature, Tmax at all 

frequencies in x’,  1/ x’ and  x” component of ac susceptibility. 

 

Real component, x’ Inverse of real component, 1 / x’ 

 

Imaginary component,  x” 

Frequencies 

(Hz) 

Freezing 

temperatures, Tf 

(K) 

Frequencies  

(Hz) 

Curie 

temperatures,  

Tc (K) 

Frequencies 

(Hz) 

Maximum 

temperatures,      

Tmax (K) 

300 70 300 71 300 77 

400 71 400 73 400 78 

500 72 500 75 500 79 

 
 
4. Discussion 
              

From XRD study, the average value of B-site atoms’ bond distances and angles in 

SrLaLiTeO6 was between Ca2CoTeO6 and Sr2CoTeO6 compounds that were studied by other 

researchers. This result was attributed to the fact that SrLaLiTeO6 consisted of Sr
2+

 (1.44 Å) and 

La
3+

 (1.36 Å) ions in its A sites compared with Ca2CoTeO6 possessing small Ca
2+

 ions and 

Sr2CoTeO6 with large Sr
2+

 ions. This compound structure was comparable to other reports 
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regarding TeO6 double perovskite materials [10,11]. The octahedra tilt angle in this compound was 

a consequence of the presence of Sr
2+ 

and La
3+

 size on A sites because octahedra tilt was needed to 

optimize the interatomic distance between A-site atoms with O (Sr/La–O) bonds. From FTIR 

study, the presence of v1 and v2 vibrations, we can confirm the formation of Te(Li)O6 octahedra, 

which is the “fingerprint” of this compound. Thus, this compound was formed well, as visualized 

through Rietveld refinement method.  

From AC susceptibility study, the deviation of graph from Curie’s law indicated that the 

sample demonstrated paramagnetic (PM) behavior above Tc before the transition into a different 

magnetic phase below Tc at each frequency. In the PM region, as the temperature decreased, the 

lattice scattering decreased and dipoles can easily align according to the external magnetic field. 

This result explained the PM behavior of x′ within the range of the temperatures mentioned. 

Moreover, decrement in x′ susceptibility (Figure 5a) below Tc may be due to the presence of the 

AFM spins or presence of an SG state. However, the shifting of the x′ peak at different frequency 

supports the presence of SG behavior where the temperature of the susceptibility peak represented 

the freezing temperature (Tf), which is almost the same as Tc. This suggesting that the transition 

from PM to SG occurs almost instantaneously. The temperature decreased below Tf and magnetic 

dipoles started to freeze, halting the alignment with external field H. The intensity of the x′ 

susceptibility decreased as frequency increased, thereby indicating SG behavior [27].  

The shift of the x′ (T) peaks in x′ against T graph was also reflected in the x″ against T 

graph where the maximum temperature (Tmax) also shifted, and x″ susceptibility decreased below 

Tmax. Meanwhile, the intensity of x″ (T) peaks, which were enhanced as the frequency increased, 

also supported the suggestion of the SG behavior below Tf [28]. 

To analyze the SG behavior further, we calculated the value of the shift in Tf per frequency 

decade, p from the x′ plot (Fig. 5a). The shift was defined as follows [29]: 

 

                                                             𝑝 =  
(

∆𝑇𝑓

𝑇𝑓
)

∆ log 𝑓
                                                          (5)         

 

which was 0.13 for the present study. For a high value compared with the conventional SG value 

in the range of 0.01–0.05 [30], this value may suggest the presence of cluster glass (CG) 

interaction, small frustrated regions similar to CG, or even superparamagnets (SPM) property 

instead of conventional SG. Further characterizations are needed to confirm the property of this 

compound further, that is, whether it possesses CG or SPM characteristics.  

As shown in Fig. 5a, the flat curve at further low temperature below Tf indicated the 

possible presence of the ferromagnetic phase. This occurrence was still unclear because further 

characterizations are needed to verify the presence of FM. Although no unpaired spin was 

expected for SrLaLiTeO6, defects in the form of oxygen vacancies may be responsible for the 

presence of spin glass or other type of magnetism for the compound [31]. This kind of occurrence 

was the case in ZrO2 [32], where oxygen vacancies in the nonmagnetic compound was responsible 

for the existence of the weak ferromagnetic property. Similarly, for SrTiO3, FM and SG emerged 

when the oxygen deficiencies value increased in this compound [33]. 

 

 
5. Conclusion 
              

SrLaLiTeO6 compound was prepared by using solid-state method. The structural, 

morphology and magnetic properties of this compound were investigated by XRD, FESEM, FTIR 

spectra and magnetic AC susceptibility techniques. SrLaLiTeO6 crystallizes in P21/n lattice 

structure and the formation of Li/Te-O octahedra were confirmed by FTIR characterization This 

compound exhibited rough and low connected microstructures of the sample with calculated 

average grain size of 18 nm. For AC susceptibility characterization, this sample showed PM to 

SG/CG/superparamagnetic transition as the temperature decreased. Further research is needed to 

confirm the latter property. 
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