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Table S1. Structural parameters, average crystallite size, together with conventional discrepancy 
factors from Rietveld refinement of XRD data for Sample 1, Sample 2, and Sample 3. 

 Sample 1a,c Sample 2a,d Sample 3a,e LaNi0.5Ti0.5O3 
(ICSD: 88851)b 

La2NiTiO6 (ICSD: 
95977)b 

La2O3 (wt%) 66.67 67.55 66.75   
NiO (wt%) 16.79 16.41 16.58   
TiO2 (wt%) 16.54 16.04 16.67   
Sycos (°) −0.00685 0.00454 0.06828   

Average crystallite 
size (nm)f 27.1 32.4 39.8   

X-ray density (g cm-

3) 6.643 6.640 6.681 6.631 6.605 

Space groupg Pbnm Pbnm P21/n Pbnm P21/n 
a/(Å) 5.540(2) 5.539(2) 5.541(1) 5.517 5.5545 
b/(Å) 5.533(2) 5.538(1) 5.534(1) 5.551 5.5512 
c/(Å) 7.834(3) 7.832(3) 7.823(2) 7.856 7.8341 
β/(°)   90.053(35)  90.08 

V(Å3) 240.2(1) 240.3(1) 239.9(1) 240.6 241.6 
A Position 4c 4c 4e 4c 4e 

x −0.00456(41) 0.00378(82) 0.50438(75) -0.0048 0.5080 
y 0.01976(27) 0.02238(21) 0.52603(19) 0.0206 0.5303 
z 0.25 0.25 0.24973(172) 0.25 0.2586 

Occ 0.5 0.5 1 0.5 1 
B' Position 4b 4b 2d 4b 2d 

Occh 0.25 0.25 0.433(1)/ 0.077(2) 0.25 0.43/0.07 
B'' Position 4b 4b 2c 4b 2c 

Occi 0.25 0.25 0.433(1)/ 0.077(2) 0.25 0.43/0.07 
O(1) Position 8d 8d 4e 8d 4e 

x 0.25306(317) 0.25763(292) 0.25902(734) 0.281 0.2286 
y 0.29214(227) 0.28780(231) 0.22762(541) 0.249 0.2173 
z 0.04430(117) 0.04495(173) -0.02690 0.036 −0.0269 

Occ 1 1 1 1 1 
O(2) Position 4c 4c 4e 4c 4e 

x 0.02 -0.04730(325) 0.29993(869) 0.02 0.2945 
y 0.478(2) 0.48236(184) 0.69223(750) 0.499 0.7106 
z 0.25 0.25 −0.03767(437) 0.25 −0.0376 

Occ 0.5 0.5 1 0.5 1 
O(3) Position   4e  4e 

x   0.42628(714)  0.4266 
y   0.97984(193)  0.9928 
z   0.24110  0.2411 
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Occ   1  1 
Chi-square (χ2) 1.68 1.59 1.64   

Rp/Rwp/RB 12.7/14.6/4.3 12.1/13.9/3.7 11/14.1/3.14   
aTheoretical chemical composition for La2O3 (wt%) / NiO (wt%) / TiO2 (wt%): 67.82 % / 15.55 % / 16.63 %.bReference: ICSD 
[1]. cF(20) = 20.04 (0.0082, 122) [2]. dF(20) = 29.82 (0.0058, 115) [2]. eF(20) = 16.73 (0.0137,  98) [2]. fThe ሺ11ത2ሻ and ሺ112ሻ 
planes were selected for the Sample 3 and the other perovskites, respectively. gP21/n: 4e(x y z), 2d(0.5 0 0), 2c(0 0.5 0). gPbnm: 
4c(x y 0.25), 4b(0.5 0 0), 8d(x y z). P21/n: Occh is mainly Ti, and Occi is mostly Ni; Pbnm: Occh and Occi are Occ Ni/Ti. 

 
Figure S1. Observed (red symbols), calculated (black line), and difference (blue line) XRD profiles 
of Sample 3. 

Table S2. Structural parameters, results of phase analysis together with conventional discrepancy 
factors from Rietveld refinement of XRD pattern for Sample 3.  . 

Parameter Sample 3 ICSD [1] 
 La2NiTiO6a   

a 5.541(1) 5.5545 
b 5.534(1) 5.5512 
c 7.823(1) 7.8341 

β(°) 90.06(3) 90.08 
La: x 

y 
z 

0.50494(76) 
0.52553(19) 

0.25141(137) 

0.508 
0.5303 
0.2586 

B(Å2) 0.5 0.53 
Occ 1 1 

Ni1: x  
y  
z 

0.5 
0 
0 

0.5 
0 
0 



 3 of 13 
 

 

B(Å2) 0.5 1.8 
Occ 0.076(2) 0.07 

Ti1: x  
y  
z 

0.5 
0 
0 

0.5 
0 
0 

B(Å2) 0.5 1.8 
Occ 0.434(1) 0.43 

Ni2: x  
y  
z 

0 
0.5 
0 

0 
0.5 
0 

B(Å2) 0.5 1.39 
Occ 0.434(1) 0.43 

Ti2: x  
y  
z 

0 
0.5 
0 

0 
0.5 
0 

B(Å2) 0.5 1.39 
Occ 0.076(2) 0.07 

O1: x  
y  
z 

0.25699(594) 
0.22996(535) 

−0.0269 

0.2286 
0.2173 

−0.0269 
B(Å2) 0.5 2.5 
Occ 1 1 

O2: x  
y  
z 

0.31358(731) 
0.69316(641) 

−0.04578(408) 

0.2945 
0.7106 

−0.0376 
B(Å2) 0.5 0.66 
Occ 1 1 

O3: x  
y  
z 

0.44120(644) 
0.98731(177) 

0.24110 

0.4266 
0.9928 
0.2411 

B(Å2) 0.5 0.69 
Occ 1 1 

Scale factor(1x104) 3.09024 (950)  
Composition (wt.%) 97.28(0.42)  

Rbragg (%) 3.07  
TiO2b   

a 9.167(2) 9.18 
b 5.438(1) 5.43 
c 5.1649(3) 5.164 

Ti: x  
y  
z 

0.1289 
0.0992 
0.8628 

0.1289 
0.0992 
0.8628 

B(Å2) 0.5 0.93 
Occ 1 1 

O1: x  
y  
z 

0.0098 
0.148 

0.1838 

0.0098 
0.148 
0.1838 

B(Å2) 0.5 1.08 
Occ 1 1 

O2: x  
y  
z 

0.2312 
0.1116 
0.5362 

0.2312 
0.1116 
0.5362 

B(Å2) 0.5 1.13 
Occ 1 1 

Scale factor (1x105) 1.2182(70)  
Composition (wt.%) 2.72(0.02)  

Rbragg (%) 17.2  
Rp (%) 11  
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Rwp (%) 
χ2 

14 
1.63 

a: La2NiTiO6(ICSD: 95977). b: TiO2(ICSD: 154605). 

Table S3. Bond distances and bond angles for Sample 1, Sample 2, and Sample 3. 

 Sample 1 Sample 2 Sample 3 LaNi0.5Ti0.5O3 
(ICSD: 88851)a 

La2NiTiO6 (ICSD: 
95977)a 

Ni/Ti—O1 2.146(14) × 2 
1.847(14) × 2 

2.113(14) × 2 
1.883(15) × 2  2.10348 × 2 

1.85749 × 2  

Ni/Ti —O2 1.9654(10) × 2 1.978(2) × 2  1.96711 × 2  
Ti—O1   1.85(3) × 2  1.94195 × 2 
Ti—O2   2.05(5) × 2  1.99239 × 2 
Ti —O3   1.934(8) × 2  1.93327 × 2 
Ni—O1   2.09(3) × 2  2.02983 × 2 
Ni—O2   2.00(5) × 2  2.03241 × 2 
Ni—O3   2.069(8) × 2  2.06865 × 2 

Ni/Ti —O1— Ni/Ti 157.4(6) 157.1(6) 167.3(14) 162.1 162.668 
Ni/Ti —O2— Ni/Ti 170.4(1) 163.84 (13) 150.4(19) 173.6 154.614 
Ni/Ti —O3— Ni/Ti   155.5(3)  156.345 

aReference: ICSD [1]. 

 
Figure S2. Observed (red symbols), calculated (black line) and difference (blue line) X-ray diffrac-
tion profile of Sample 3 using Pbnm space group (ICSD: 88851, [1]). 
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Table S4. Structural parameters, average crystallite size, together with conventional discrepancy 
factors from Rietveld refinement of XRD data for Sample 3. 

 Sample 3a LaNi0.5Ti0.5O3 (ICSD: 88851)b 
La2O3 (wt%) 66.75  
NiO (wt%) 16.58  
TiO2 (wt%) 16.67  
Sycos (°) 0.12418  

Average crystallite size (nm)c 39.8  
X-ray density (g cm-3) 6.622 6.631 

Space groupd Pbnm Pbnm 
a/(Å) 5.5448(14) 5.517 
b/(Å) 5.5428(7) 5.551 
c/(Å) 7.8391(19) 7.856 
V(Å3) 240.9(1) 240.6 

A Position 4c 4c 
x 0.0052(6) −0.0048 
y 0.02633(18) 0.0206 
z 0.25000 0.25 

Occ 0.5 0.5 
B' Position 4b 4b 

Occ Ni/Ti 0.25 
 0.25 

B'' Position 4b 4b 
Occ Ni/Ti 0.25 0.25 

O(1) Position 8d 8d 
x 0.266(3) 0.281 
y 0.288(2) 0.249 
z 0.0463(16) 0.036 

Occ 1 1 
O(2) Position 4c 4c 

x −0.056(3) 0.02 
y 0.4821(17) 0.499 
z 0.25 0.25 

Occ 0.5 0.5 
O(3) Position   

x   
y   
z   

Occ   
Chi-square (χ2) 1.82  

Rp/Rwp/RB 12.3/14.8/3.89  
aTheoretical chemical composition for La2O3 (wt%) / NiO (wt%) / TiO2 (wt%): 67.82 % / 15.55 % / 
16.63 %. bReference: ICSD [1]. cIt was selected the ሺ112ሻ plane.  dPbnm: 4c(x y 0.25), 4b(0.5 0 0), 8d(x 
y z). 
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Figure S3. Both unit-cell parameters and corrected observed 2-theta values based on the Rietveld 
Refinement of XRD data of the Sample 1 to perform the indexation of the corresponding XRD 
pattern. 
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Figure S4. Both unit-cell parameters and corrected observed 2-theta values based on the Rietveld 
Refinement of XRD data of the Sample 2 to perform the indexation of the corresponding XRD 
pattern. 
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Figure S5. Both unit-cell parameters and corrected observed 2-theta values based on the Rietveld 
Refinement of XRD data of the Sample 3 to perform the indexation of the corresponding XRD 
pattern. 
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Figure S6. Unit-cell parameters, the corrected observed and calculated peak positions, and the re-
spective difference obtained from the McMaille software for the case of the Sample 1. 
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Figure S7. Unit-cell parameters, the corrected observed and calculated peak positions, and the re-
spective difference obtained from the McMaille software for the case of the Sample 2. 
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Figure S8. Unit-cell parameters, the corrected observed and calculated peak positions, and the re-
spective difference obtained from the McMaille software for the case of the Sample 3. 
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Figure S9. 𝜒௠𝑇 vs. 𝑇 curve showing the Néel temperature for the Sample 1. 

 
Figure S10. Variation of M along with M-1 vs. temperature for Sample 2 from 2 to 40 K. 
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