Detailed DSC/TGA Data Description

S1. Thermal Analysis of the La2O3–Nb2O5 System
Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) were performed for samples across the entire composition range of the La2O3–Nb2O5 system. However, significant thermal effects during heating were observed only for the sample with x(Nb2O5) = 0.202. The corresponding DSC/TGA curves are presented in Fig. 1 in the main text.
The thermogram reveals two distinct endothermic events on the DSC heating curve, each accompanied by a corresponding mass loss observed in the TGA signal. These effects are interpreted as the stepwise dehydration of lanthanum hydroxide phases:
· The first endothermic effect at 338 °C is attributed to the transformation of La(OH)3 → LaOOH.
· The second effect at 497 °C corresponds to the dehydration of LaOOH → La2O3.
This behavior is consistent with the known hygroscopic nature of La₂O₃, which readily absorbs atmospheric moisture and converts to hydroxide forms. The presence of these effects confirms the existence of a secondary phase (partially hydrated La₂O₃) in addition to the ternary compound La3NbO7.
For all other compositions in the La2O3–Nb2O5 system, no detectable thermal events or mass changes were observed up to 1300 °C, indicating high thermal stability and phase homogeneity of the synthesized materials.

S2. Thermal Analysis of the Nd2O3–Nb2O5 System
DSC/TGA measurements for the Nd2O3–Nb2O5 system were conducted up to 1300 °C. Noticeable thermal effects were observed only for samples with x(Nb2O5) ≤ 0.10, as shown in Fig. 7 in the main text. These samples are located near the Nd2O3-rich end of the phase diagram.
The recorded thermograms exhibit two major endothermic effects associated with corresponding mass losses:
· An initial endothermic event at 273 °C corresponds to the dehydration of Nd(OH)3 → NdOOH.
· The second thermal event occurs at 439 °C for the sample with x(Nb2O5) = 0.049 and at 442 °C for x(Nb2O5) = 0.100, and is assigned to the transformation NdOOH → Nd2O3.
These findings confirm the presence of partially hydrated Nd2O3 as a coexisting phase in these compositions and help resolve ambiguous PXRD results in this region of the system.
Samples with x(Nb2O5) > 0.10 showed no thermal effects during heating, indicating that these materials are thermally stable and free from hydroxide contaminants.

S3. Quantitative and Qualitative Phase Analysis
Powder X-ray diffraction (PXRD) was used to investigate the phase composition of all crystalline mixtures synthesized within the La2O3–Nb2O5 and Nd2O3–Nb2O5 systems. Rietveld refinement was applied to single-phase samples for structural validation and lattice parameter determination. For multiphase mixtures, both qualitative phase identification (via ICDD/COD database matching) and quantitative phase analysis (expressed in weight percent) were performed.
Figures S1–S3 (La2O3–Nb2O5 system) and S4–S5 (Nd2O3–Nb2O5 system) present:
· PXRD patterns of all synthesized samples,
· Overlaid reference diffraction lines of the identified phases,
· Quantitative phase composition of each sample (wt%).
This dataset complements the phase identification summarized in the main manuscript.
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Fig. S1.  X-ray powder diffraction (XRD) patterns of samples from the La2O3–Nb2O5 system with compositions ranging from x(Nb2O5) = 0 to 0.50. Reference diffraction lines for identified crystalline phases are shown as colored lines. Quantitative phase analysis results, expressed in weight percentages, are provided for each sample. 
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Fig. S2.  X-ray powder diffraction (XRD) patterns of samples from the La2O3–Nb2O5 system with compositions ranging from x(Nb2O5) = 0.50 to 0.75. Reference diffraction lines for identified crystalline phases are shown as colored lines. Quantitative phase analysis results, expressed in weight percentages, are provided for each sample. 
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Fig. S3.  X-ray powder diffraction (XRD) patterns of samples from the La2O3–Nb2O5 system with compositions ranging from x(Nb2O5) = 0.75 to 1.00. Reference diffraction lines for identified crystalline phases are shown as colored lines. Quantitative phase analysis results, expressed in weight percentages, are provided for each sample. 
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Fig. S4.  X-ray powder diffraction (XRD) patterns of samples from the Nd2O3–Nb2O5 system with compositions ranging from x(Nb2O5) = 0 to 0.50. Reference diffraction lines for identified crystalline phases are shown as colored lines. Quantitative phase analysis results, expressed in weight percentages, are provided for each sample. 
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Fig. S5.  X-ray powder diffraction (XRD) patterns of samples from the Nd2O3–Nb2O5 system with compositions ranging from x(Nb2O5) = 0.50 to 1.00. Reference diffraction lines for identified crystalline phases are shown as colored lines. Quantitative phase analysis results, expressed in weight percentages, are provided for each sample. 
Table 1 compiles the results of quantitative XRD analysis obtained via Rietveld refinement, alongside the theoretical phase compositions calculated based on the nominal stoichiometry of compounds and the sample composition. The largest deviation from the theoretical values was observed for the La₂O₃–Nb₂O₅ system, where the maximum difference between calculated and expected phase content reached 9.7 wt%, with an average deviation of 2.9 wt% across the dataset. In comparison, the Nd₂O₃–Nb₂O₅ system showed better agreement, with a maximum deviation of 4.2 wt% and an average deviation of 2.0 wt%.

Table 1. Results of quantitative phase composition (wt%) of selected samples from the La₂O₃–Nb₂O₅ and Nd₂O₃–Nb₂O₅ systems obtained by Rietveld refinement of PXRD data, compared with theoretical values based on the nominal stoichiometry of compounds and the sample composition. 
	Chemical composition of initial mixture, mole fraction
	Quantitative phase composition of each sample (wt%) at 1200°C

	x(Ln2O3)
	x(Nb2O5)
	theoretical
	Rietveld refinement of XRD data

	La2O3-Nb2O5

	1.000
	0.000
	100.0% La2O3
	81.5% La2O3, 18.5% La(OH)3

	0.798
	0.202
	81.6% La3NbO7, 18.4 % La2O3
	81.8% La3NbO7, 9.2% La2O3, 9.0% La(OH)3

	0.750
	0.250
	100.0% La3NbO7
	100.0% La3NbO7

	0.597
	0.403
	62.4% LaNbO4, 37.6% La3NbO7
	59.5% LaNbO4, 38.5% La3NbO7

	0.500
	0.500
	100.0% LaNbO4
	100.0% LaNbO4

	0.449
	0.551
	78.8% LaNbO4, 21.2% LaNb3O9
	77.2% LaNbO4, 22.6% LaNb3O9

	0.391
	0.609
	55.2% LaNbO4, 44.8% LaNb3O9
	37.3% LaNbO4, 62.7% LaNb3O9

	0.352
	0.648
	60.4% LaNb3O9, 39.6% LaNbO4
	64.6% LaNb3O9, 35.4% LaNbO4

	0.305
	0.695
	78.8% LaNb3O9, 21.2% LaNbO4
	82.2% LaNb3O9, 17.8% LaNbO4

	0.288
	0.722
	89.3% LaNb3O9, 10.7% LaNbO4
	91.0% LaNb3O9, 9.0% LaNbO4

	0.250
	0.750
	100.0% LaNb3O9
	100.0% LaNb3O9

	0.181
	0.791
	50.2% LaNb3O9, 49.8% LaNb5O14
	53.4% LaNb3O9, 46.6% LaNb5O14

	0.167
	0.833
	100.0% LaNb5O14
	100.0% LaNb5O14

	0.152
	0.848
	90.8% LaNb5O14, 9.2% H-Nb2O5
	91.5% LaNb5O14, 8.5% H-Nb2O5

	0.143
	0.857
	85.2% LaNb5O14, 14.8% H-Nb2O5
	82.6% LaNb5O14, 17.4% H-Nb2O5

	0.117
	0.883
	69.4% LaNb5O14, 30.6% H-Nb2O5
	69.6% LaNb5O14, 30.4% H-Nb2O5

	0.000
	1.000
	100% H-Nb2O5
	100% H-Nb2O5

	Nd2O3-Nb2O5

	1.000
	0.000
	100.0% Nd2O3
	96.2% Nd2O3, 3.8% Nd(OH)3

	0.951
	0.049
	79.4% Nd2O3, 20.6% Nd3NbO7
	80.1% Nd2O3, 19.9% Nd3NbO7

	0.90
	0.100
	58.5% Nd2O3, 41.5% Nd3NbO7
	62.6% Nd2O3, 37.4% Nd3NbO7

	0.750
	0.250
	100.0% Nd3NbO7
	100.0% Nd3NbO7

	0.700
	0.300
	79.1% Nd3NbO7, 20.9% NdNbO4 
	81.4% Nd3NbO7, 18.6% NdNbO4 

	0.599
	0.401
	38.2% Nd3NbO7, 61.8% NdNbO4 
	39.6% Nd3NbO7, 60.4% NdNbO4 

	0.570
	0.430
	26.7% Nd3NbO7, 73.2% NdNbO4 
	32.0% Nd3NbO7, 68.0% NdNbO4 

	0.550
	0.450
	18.1% Nd3NbO7, 80.9% NdNbO4 
	20.1% Nd3NbO7, 79.9% NdNbO4 

	0.500
	0.500
	100.0% NdNbO4 
	100.0% NdNbO4 

	0.450
	0.550
	79.1% NdNbO4, 20.9% NdNb3O9
	77.8% NdNbO4, 22.2% NdNb3O9

	0.350
	0.650
	38.6% NdNbO4, 61.4% NdNb3O9
	41.1% NdNbO4, 58.9% NdNb3O9

	0.300
	0.700
	19.1% NdNbO4, 80.9% NdNb3O9
	19.8% NdNbO4, 80.2% NdNb3O9

	0.250
	0.750
	100.0% NdNb3O9
	100.0% NdNb3O9

	0.170
	0.830
	76.8% NdNb3O9, 33.2% H-Nb2O5 
	79.9% NdNb3O9, 30.1% H-Nb2O5 

	0.078
	0.922
	30.1% NdNb3O9, 69.9% H-Nb2O5 
	39.2% NdNb3O9, 60.2% H-Nb2O5 



These discrepancies may stem from several factors. PXRD measurements were performed on powdered samples, which are susceptible to preferred orientation, microabsorption effects, and heterogeneities in particle size or packing density. Additionally, the complexity of the diffractograms (particularly for multiphase samples) introduces uncertainty due to extensive peak overlap and the presence of phases with structurally similar diffraction patterns. This is especially pronounced in the La-containing system, where numerous reflections from different phases are closely spaced or coalescent, reducing the reliability of deconvolution during refinement. Finally, low-intensity reflections of minor phases may fall below the detection threshold or be misassigned during profile fitting, especially when their peaks overlap with stronger signals.
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