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Supplementary Information Note 1 – Rietveld refinement of TiO2 Rutile structure
Supplementary Figure S1 show the Rietveld refinement of TiO2 in rutile structure used to protect the CeN for high-temperature oxide melt calorimetry experiments. The results determined from Rietveld analysis as performed in the refinement program GSAS-II1 are summarised in Table S1. The PXRD of finely ground TiO2 powder was collected on a PANalytical X’Pert PRO diffractometer in Bragg-Brentano configuration equipped with an 1D- X’Celerator detector using CuKα1,2 radiation. Measurements were performed in the range of 10° ≤ 2θ ≤ 100° with a step size of (2θ) = 0.001°.
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Figure S1. Rietveld profile of TiO2 sample in Rutile structure used to protect CeN from oxidation upfront dissolution in high temperature oxide melt calorimetry. The black crosses, red and pink lines and vertical blue respectively represent observed data, calculated profile, difference profile and allowed reflections of TiO2 crystallising in tetragonal P42/mnm structure.
Table S1. Refined lattice parameters determined from Rietveld refinements against PXRD data, associated fitting factors and literature lattice parameters for TiO2 in Rutile structure. Additional refinement details are shown in Supplementary Information Note 2, Table S2. Note uncertainties are reported directly from the Rietveld analysis with no correction.
	Compound
	Structure and Space Group
	Lattice Parameters (Å)
	Fitting factors (%)
	Literature lattice parameter (Å)

	TiO2
	P42/mnm (136)
	a = 4.593310(18)
c = 2.958805(16)
	R = 8.33
Rw = 11.07
	a = 4.59245(4)
c = 2.95732(3)
2





Supplementary Information Note 2 – Rietveld refinement parameters
Supplementary Table S2 summarises additional refinement details performed using Rietveld analysis with the program GSAS-II1 against the main compounds determined by PXRD measurements used in this work.

Table S2. Summary of additional refinement results determined from Rietveld analysis using the program GSAS-II.
	Phase
	Rw-bkg (%)
	Rw,min (%)
	GOF

	Pristine Nitride Phases, see Table 1

	LaN
	3.47
	3.95
	0.88

	CeN
	1.60
	1.37
	1.17

	SmN
	2.81
	3.20
	0.88

	EuN
	4.84
	1.70
	2.84

	ErN
	3.83
	1.40
	2.73

	YbN
	3.95
	1.39
	2.85

	High Temperature Oxidised Phases, see Table S2

	La2O3
	2.57
	1.61
	1.60

	CeO2
	3.31
	1.61
	2.06

	Sm2O3
	2.02
	1.63
	1.24

	Eu2O3
	2.08
	1.63
	1.28

	Er2O3
	2.62
	1.32
	1.99

	Yb2O3
	3.19
	1.35
	2.37

	TiO2 in Rutile structure

	TiO2
	11.07
	9.07
	1.22





Supplementary Information Note 3 – Enthalpies 
Supplementary Table S3 summarises additional enthalpies determined from high temperature oxide melt calorimetry measurements, as well as literature data which was used to calculate the formation enthalpies of the LnN compounds. Figure S2 compares calculated formation enthalpies of the LnN compounds that were measured against literature date determined via Knudsen Cell effusion mass spectrometry (KEMS).3
Table S3: Summary of enthalpies from literature and experimentally determined to calculate ΔHf°(LnN). Formation enthalpies for lanthanide oxides ΔHf° (Ln2O3/LnO2) and dissolution enthalpies of lanthanide oxides in sodium molybdate at 700°C ΔH2 were received from literature. Dissolution enthalpies for LnN ΔHds (LnN) and oxidation enthalpies for LnN at 700°C in sodium molybdate ΔHox (LnN) with their associated errors were experimentally determined in this investigation. All values are summarized in kJ mol-1.
	Ln
	ΔHf° (Ln2O3/LnO2)
	ΔH2
	ΔHds (LnN)
	2σ(ΔHds)
	ΔHox (LnN)
	σ(ΔHox)
	Ref

	La
	-1791.6 ± 2.0
	-190.70 ± 2.46
	-696.52
	12.92
	-578.88
	13.0
	4,5

	Ce
	-1090.4 ± 0.8
	73.39 ± 1.65
	-640.08
	7.92
	-702.05
	8.1
	4,5

	Pr
	-954.2 ± 5.0
	-29.71 ± 1.35
	-674.08
	15.31
	-632.96
	15.4
	6,7

	Nd
	-1813.1 ± 0.8
	-163.36 ± 3.44
	-635.30
	8.82
	-531.33
	9.0
	5,8

	Sm
	-1823.0 ± 4.0 (m)
	-153.62 ± 2.86
	-624.61
	11.02
	-525.52
	11.1
	4,5

	Eu
	-1662.5 ± 6.0 (c)
	-129.24 ± 2.12
	-589.87
	6.49
	-502.97
	6.6
	4,5

	Gd
	-1854.0 ± 15.0 (c)
	-148.54 ± 1.60
	-655.27
	16.17
	-558.72
	16.2
	5,6

	Tb
	-972.1 ± 5.0
	-28.132 (t)
	-664.36
	10.37
	-624.82
	10.4
	4,9

	Dy
	-1863.4 ± 5.0
	-114.88 ± 2.22
	-522.17
	12.38
	-442.44
	12.4
	4,5

	Ho
	-1883.3 ± 8.2
	-111.72 ± 3.68
	-502.05
	3.98
	-423.90
	4.4
	4,5

	Er
	-1900.1 ± 6.5
	-105.26 ± 2.48
	-457.99
	15.96
	-383.07
	16.0
	4,5

	Tm
	-1889.3 ± 5.7
	-97.12 ± 2.38
	-525.67
	10.89
	-454.83
	11.0
	4,5

	Yb
	-1814.5 ± 6.0
	-98.46 ± 3.18
	-449.68
	6.77
	-378.17
	7.0
	4,5

	Lu
	-1877.0 ± 7.7
	-96.90 ± 1.90
	-459.52
	0.70
	-388.79
	1.2
	4,5


(c) cubic structure, (m) monoclinic structure, (t) theoretical calculated value
[image: ]
Figure S2. Experimentally determined ΔHf° for LnN compounds where Ln = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu plotted against the ionic radii r of the Ln3+ cation in 6-fold coordination and comparison against literature formation enthalpies ΔHf° based on KEMS measurements.3 The literature value for the ΔHf° of UN was determined by the same methodology is plotted for highlighting the trend of ΔHf° against r.10






Supplementary Information Note 4 – Gibbs energies
Supplementary Table S4 summarises additional enthalpies and entropies from literature data which were used to calculate the Gibbs energies of formation and oxidation of LnN and UN. The literature data of entropies for LnN is scarce and data was solely derived for LaN and CeN, which was applied for calculation of the thermodynamic data of all the other LnN. Supplementary Table S5 summarises reaction enthalpies and entropies calculated prior to the Gibbs energies of formation and oxidation.
































Table S4: Summary of literature entropy data for Ln metals, Ln oxides, Ln hydroxides and LnN, in addition to the formation enthalpy and entropies of UN, UO2, H2O, NH3 and H2 used to calculate ΔGf°, ΔGox° and ΔGhyd° at 298.15 K.
	Compound
	ΔHf° (kJ mol-1)
	S°(J mol-1 K-1)
	Ref

	LaN
	
	44.350
	9

	La2O3
	
	127.32 ± 0.84
	11

	La(OH)3
	-1416.1
	117.81
	12

	La
	
	56.902
	9

	CeN
	
	44.350
	9

	CeO2
	
	62.29 ± 0.07
	13

	Ce(OH)3
	-1416.1
	129.40
	12

	Ce
	
	69.454
	9

	PrO2
	
	80.80 ± 2.00
	14

	Pr
	
	73.931
	9

	Pr(OH)3
	-1413.8
	131.70
	12

	Nd2O3
	
	158.70 ± 1.00
	11

	Nd(OH)3
	-1415.6
	129.87
	12

	Nd
	
	71.086
	9

	Sm2O3(m)
	
	150.60 ± 0.30
	15

	Sm(OH)3
	-1406.6
	125.80
	12

	Sm
	
	69.496
	9

	Eu2O3(m)
	
	143.50 ± 0.50
	16

	Eu(OH)3
	-1319.1
	119.88
	12

	Eu
	
	77.822
	9

	Gd2O3(m)
	
	157.10 ± 0.20
	17

	Gd(OH)3
	-1408.9
	126.63
	12

	Gd
	
	67.948
	9

	TbO2
	
	86.90 ± 3.00
	14

	Tb(OH)3
	-1414.8
	128.37
	12

	Tb
	
	73.304
	9

	Dy2O3
	
	149.80 ± 0.15
	18

	Dy(OH)3
	-1428.4
	130.30
	12

	Dy
	
	74.894
	9

	Ho2O3
	
	156.38 ± 0.15
	18

	Ho(OH)3
	-1431.1
	130.04
	12

	Ho
	
	75.019
	9

	Er2O3
	
	153.13 ± 0.15
	18

	Er(OH)3
	-1432.5
	128.60
	12

	Er
	
	73.178
	9

	Tm2O3
	
	139.70 ± 0.40
	19

	Tm(OH)3
	-1421.1
	126.50
	12

	Tm
	
	74.015
	9

	Yb2O3
	
	133.10 ± 0.30
	15

	Yb(OH)3
	-1395.5
	118.60
	12

	Yb
	
	59.831
	9

	Lu2O3
	
	109.96 ± 0.13
	19

	Lu(OH)3
	-1427.0
	
	20

	Lu
	
	50.961
	9

	UN
	-288.8 ± 5.9
	62.22
	10,21

	UO2
	-1084.9 ± 1.0
	77.03 ± 0.20
	22,23

	U
	
	50.292
	9

	H2O(g)
	-241.8
	192.77 ± 0.05
	23

	NH3
	-45.9
	188.84 ± 0.01
	23

	H2
	
	130.68 ± 0.003
	23


m = monoclinic, g = gaseous

Table S5: Summary of calculated reaction formation entropies ΔSrct,f°, reaction oxidation enthalpies ΔHrct,ox° and entropies ΔSrct,ox°, and reaction hydrolysis ΔHrct,hdy° and entropies ΔSrct,hyd°, used to calculate ΔGf°, ΔGox° and ΔGhyd° at 298 K.
	Element
	ΔSrct,f° (J mol-1 K-1)
	ΔHrct,ox° (kJ mol-1)
	ΔSrct,ox° (J mol-1 K-1)
	ΔHrct,hyd° (kJ mol-1)
	ΔSrct,hyd° (J mol-1 K-1)

	La
	-43.66
	-584.86
	-38.75
	-300.28
	-330.12

	Ce
	-56.21
	-713.47
	-91.41
	-288.69
	-262.14

	Pr
	-60.69
	-644.37
	-72.90
	-286.39
	-327.63

	Nd
	-57.84
	-537.31
	-23.06
	-288.22
	-274.91

	Sm
	-56.25
	-531.50
	-27.11
	-292.29
	-253.94

	Eu
	-64.58
	-502.90
	-30.66
	-298.21
	-222.37

	Gd
	-54.71
	-547.55
	-23.86
	-291.46
	-274.18

	Tb
	-60.06
	-625.36
	-66.80
	-289.72
	-301.60

	Dy
	-61.65
	-448.42
	-27.51
	-287.79
	-173.80

	Ho
	-61.78
	-429.88
	-24.22
	-288.05
	-147.93

	Er
	-59.94
	-389.05
	-25.84
	-289.49
	-99.67

	Tm
	-60.77
	-460.81
	-32.56
	-291.59
	-164.80

	Yb
	-46.59
	-384.15
	-35.86
	-299.49
	-97.59

	Lu
	-37.72
	-394.77
	-47.43
	-291.59
	-110.81

	U
	-19.18
	-807.53
	-94.53
	-104.75
	-327.17
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