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Figure S1. (a) Components distribution of RETaO₄ dataset. (b)Elements distribution of RETaO₄ dataset.

[image: ]
Figure S2. Heatmap of features correlation.
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[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Figure S3. Scatter plot of each feature against target variable (a)m*, (b)r*, (c)MP, (d)rA/rB, (e)Z-eff-C, (f)FIE, (g)B, (h)IA-B
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Figure S4. Comparison of model performance (a)GBRT, (b)Xgboost, (c)SVR, (d)RF, (e)LR, (f)RR, (g)Adaboost, (h)LASSO, (i)Bar chart of model performance comparison
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[bookmark: OLE_LINK29]Figure S5. Thermal conductivity distribution characteristics of multi-system data sets (a) Distribution of thermal conductivity for different systems at 900°C (b) Histogram of thermal conductivity distribution (c) Thermal conductivity-temperature distribution plot.
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Figure S6. Comparison of pre-training performance across different source-domain models. (a)-(c) Cross-validation performance of 3-, 4-, and 5-layer source-domain models; (d)-(f) Direct prediction performance of the source-domain models on the RETaO4 test set.
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Figure S7. Comparison of performance across different transfer learning fine-tuning strategies. (a)-(c) Cross-validation performance of PFT, BFT, and LFT models; (d)-(f) Prediction performance of the transfer learning models on the RETaO4 test set.
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Figure S8. (a) 10-fold cross-validation performance of a 4-layer deep neural network model trained directly using the of a RETaO4 small dataset (b) Performance on an independent test set.
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Figure S9. XRD refinement patterns and XPS high-resolution spectra of 5–8RE. XRD refinement pattern of (a) 5RE; (b) 6RE; (c) 7RE; (d) 8RE (e) XPS survey spectrum (f) High-resolution XPS O 1s spectra. 
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Figure S10. SEM-EDS patterns of 5RE–8RE.
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Figure S11. XRD patterns of 5RE_eq – 8RE_eq.

[image: ]	
Figure S12. Coefficient of Thermal Expansion of the Sample in This Work.

Table S1. A brief description of features and symbols.
	Features
	Symbols

	Temperature
	T

	Atomic number
	N

	Atomic weight
	W

	Row
	R

	Column
	C

	Density
	ρ

	Melting Point 
	MP

	Bulk modulus
	B

	Mass disorder parameter
	m*

	Electronegativity (Pauling)
	χp

	Electronegativity (Alfred & Rochow)
	χar

	Electronegativity (Martynov & Batsanov)
	χmb

	First ionization energy
	FIE

	Electron affinity
	Ea

	Effective nuclear charge (Clementi)
	Z-eff-C

	Effective nuclear charge (Slater)
	Z-eff-S

	Charge radius ratio
	z/r

	Ionic bond strength
	IA-B

	The radius of cations in RE/Ta site
	rA/rB

	Radius disorder parameter
	r*

	Covalent Radius
	CR



Table S2. Nine groups of highly correlated descriptors and the ones retained.
	Highly correlated features
	Retained

	N, W, R, ρ, m*, χmb
	m*

	C, CR, z/r, r*, Z-eff-S
	r*

	Ea, FIE
	FIE

	rA/rB,  χar
	rA/rB

	IA-B, χp
	IA-B

	Z-eff-C
	Z-eff-C

	MP
	MP

	B
	B

	T
	T





[bookmark: OLE_LINK28]Table S3. Thermal conductivity distribution characteristics of multi-system data sets
	Total Data 
	Material Types
	Thermal Conductivity Range (W·m⁻¹·K⁻¹)
	Temperature Range (℃)

	872
	95
	0.905~3.962
	25~1500



[bookmark: OLE_LINK41]Table S4. Performance Comparison of Different Machine Learning Modeling Strategies
	[bookmark: _Hlk229398631]Modeling Strategy
	Description
	Cross-Validation R²
	Independent Test Set R2

	GBRT 
	Trained a GBRT model based on the RETaO4 dataset.
	0.950
	0.832

	[bookmark: _Hlk208494729]Source Domain Model 
	Modeled based on multi-material system datasets and directly predicted the RETaO4 independent test set.
	0.823
	0.420

	DNN
	Trained a deep neural network model based on the RETaO4 dataset.
	0.942
	0.870

	PFT
	[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Froze the bottom layer of source domain model and fine-tuned the other layers.
	0.947
	0.904

	BFT
	Froze the first two layers of source domain model and fine-tuned the other layers.
	0.942
	0.909

	LFT
	Froze the first three layers of source domain model and fine-tuned the last layer.
	0.917
	0.896



Table S5. Details of the Composition Space
	Number of Components
	Count

	5
	99792

	6
	116424

	7
	66528

	8
	17820

	Total
	300,564



[bookmark: OLE_LINK69]Table S6. Comparison of feature ranges for the RETaO₄ dataset, composition space, and multi-system dataset.
	
	Range of Z-eff-C
	Range of IA-B

	RETaO4 Dataset
	5.265-5.497
	0.657-0.677

	Composition Space
	5.248-5.586
	0.655-0.678

	Multi-system Dataset
	4.823-6.237
	0.556-0.736



Table S7. Lattice constants (a, b and c), β, volumes (V) and theoretical densities (ρcal) of 5RE, 6RE, 7RE and 8RE obtained from Rietveld refinement results.
	Samples
	a (Å)
	b (Å)
	c (Å)
	β (°)
	V (Å3)
	ρcal
(g/cm3)

	5RE
	5.3958
	11.0563
	5.0765
	95.4801
	301.4651
	7.3547

	6RE
	5.3996
	11.0593
	5.0769
	95.5111
	301.7676
	7.3473

	7RE
	5.3802
	11.0292
	5.0713
	95.4522
	299.5627
	7.4014

	8RE
	5.3781
	11.0235
	5.0685
	95.4749
	299.1177
	7.4124



Table S8. Mean acoustic velocity (vm/m·s−1), Young’s modulus (E/GPa), Bulk modulus (B/GPa), shear modulus (G/GPa), Grüneisen parameter (γ), Poisson ratio (σ) and Debye temperature (θD/K) of 5RE – 8RE.
	Samples
	vl
	vt
	vm
	E
	B
	G
	G/B
	γ
	σ
	θD

	5RE
	4553
	2469
	2755
	116
	93
	45
	0.48 
	1.72
	0.29
	354

	6RE
	4637
	2367
	2651
	108
	103
	41
	0.40
	1.93
	0.32
	339

	7RE
	4553
	2430
	2714
	111
	93
	43
	0.46
	1.78
	0.30
	348

	8RE
	4933
	2631
	2939
	133
	112
	51
	0.46
	1.78
	0.30
	377



Table S9. Comparison of thermal conductivity between samples in this work and previously reported works
	Samples
	Thermal conductivity at 900 °C (W·m-1·K-1)

	Y0.40Ce0.10Sm0.30Gd0.10Er0.10TaO4 - This work
	1.276

	Sm0.4Eu0.4Tb0.4Dy0.4Lu0.4ZrCeO7
	1.305

	Y0.30Ce0.10Sm0.10Eu0.10Gd0.10Dy0.10Ho0.10Yb0.10TaO4 - This work
	1.307

	Y0.1Nd0.1Sm0.1Gd0.1Dy0.1Ho0.1Er0.1Tm0.1Yb0.1Lu0.1TaO4
	1.322

	Y0.40Ce0.10Sm0.10Eu0.10Gd0.10Dy0.10Yb0.10TaO4 - This work
	1.341

	Y0.5Gd0.5TaO4
	1.388

	Y1/8Ce1/8Sm1/8Eu1/8Gd1/8Dy1/8Ho1/8Yb1/8TaO4 - 8RE_eq
	1.433

	Sm1/8Dy1/8Ho1/8Er1/8Yb1/8Lu1/8Gd1/8Tm1/8Nb0.5Ta0.5O4
	1.470

	Y0.40Ce0.10Sm0.20Eu0.10Gd0.10Dy0.10TaO4-This work
	1.470

	Y1/5Ce1/5Sm1/5Gd1/5Er1/5TaO4 - 5RE_eq
	1.491

	Y0.5Yb0.5TaO4
	1.514

	YTa0.5Nb0.5O4
	1.575

	La0.4Nd0.4Sm0.4Eu0.4Gd0.4Zr2O7
	1.671

	Y1/6Ce1/6Sm1/6Eu1/6Gd1/6Dy1/6TaO4 - 6RE_eq
	1.680

	Y0.2Dy0.2Sm0.2Yb0.2Er0.2TaO4
	1.689

	SmTaO4
	1.698

	Y1/7Ce1/7Sm1/7Eu1/7Gd1/7Dy1/7Yb1/7TaO4 - 7RE_eq
	1.706

	La2Zr2O7
	1.733

	YTaO4
	1.793

	Sm0.2Dy0.2Ho0.2Er0.2Yb0.2NbO4
	1.812

	Nd0.2Sm0.2Eu0.2Gd0.2Dy0.2TaO4
	1.812

	DyTaO4
	1.834

	Nd1/6Sm1/6Eu1/6Gd1/6Dy1/6Ho1/6TaO4
	1.887

	MgTa2O6
	1.912

	Dy2FeTaO7
	1.927

	Sm1/7Dy1/7Ho1/7Er1/7Yb1/7Lu1/7Gd1/7TaO4
	2.016

	Sm1/8Dy1/8Ho1/8Er1/8Yb1/8Lu1/8Gd1/8Tm1/8TaO4
	2.087

	AlTaO4
	2.352



Table S10. Key parameters of 5RE for Debye-Callaway modeling
	Parameters
	Notes
	Values

	
	Acoustic mode Debye temperature
	354 K

	
	Average atomic volume
	6.28 × 10-30 m3

	
	Average atomic mass
	1.10 × 10-25 kg

	
	Grüneisen parameter
	1.72

	
	Grain size
	29.4 μm

	
	Domain boundary width
	25.4 nm

	A
	Domain boundary fitting parameter
	0.1

	
	Point defect scattering parameter
	0.29

	
	Dislocation density
	1.04 × 1010 cm-2

	
	Magnitude of Burgers vector
	0.47 nm

	

	Poisson's ratio
	0.34

	
	Longitudinal sound velocity
	4553 m/s

	
	Transverse sound velocity
	2469 m/s

	
	Average speed of sound
	2755 m/s

	
	Mass density
	7315 kg/m3
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