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I. SUPPLEMENTARY INFORMATION

Fig. 1a and �g. 1b shows thekL reduction of ThO2 with a 1% concentration of point

defects as a function of temperature from 100 to 300 K and 300 to 900 K, respectively.

Though the overall trend ofkL is similar to the 0.01% concentration, thekL degradation is

signi�cantly higher for a 1% concentration of all the point defects.

(a) 1% point defects (100-300 K) (b) 1% point defects (300-900 K)

FIG. 1: The calculatedkL of ThO2 with a 1% concentration of VT h , VO, HeT h , Kr T h , ZrT h ,

IT h , and XeT h at (a) lower temperature range of 100{300 K and (b) higher temperature

range of 300{900 K. The experiments are from Deskinset al. [1], corresponding to ThO2

single crystals irradiated with 2 MeV protons to a dose of 0.004 displacements per atom at

room temperature.
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Fig. 2a and �g. 2b depicts the role of the 0.1% concentration of three di�erent con�gu-

rations of the Schottky defects as a function of temperature from 100 to 300 K and 300 to

900 K respectively. Whereas, �g. 2c and �g. 2d respectively shows thekL reduction of ThO2

with the 1% concentration of the Schottky defects at a temperature from 100 to 300 K and

300 to 900 K. The results indicate that thekL degradation for Schottky defects are SD111

> SD110 > SD100. ThO2 with an SD111 has a similar e�ect to that of a Thorium vacancy.

(a) 0.1% Schottky defects (100-300 K) (b) 0.1% Schottky defects (300-900 K)

(c) 1% Schottky defects (100-300 K) (d) 1% Schottky defects (300-900 K)

FIG. 2: The calculatedkL of ThO2 with three di�erent con�gurations of the Schottky

defects (SD111, SD110, and SD110) at di�erent concentrations and temperature range. The

experiments are from Deskinset al. [1], corresponding to ThO2 single crystals irradiated

with 2 MeV protons to a dose of 0.004 displacements per atom at room temperature. The

experimental thermal conductivity of the pristine ThO2 is taken from Ref. [2].
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Fig. 3 Comparison of the charge density plot of various substitution defects.

FIG. 3: Comparison of the charge density plot of various substitution defects. Note that

positive (negative) values denote the charge accumulation (depletion) in e/Bohr3.

Fig. 4 Comparison of the scattering rate due to the mass and force constant perturbation

separately for the xenon an krypton substitution. The scattering rate indicate that compared

to the force constant variance the e�ect of mass variance is relatively smaller.

FIG. 4: Comparison of the scattering rate due to the mass perturbation and force constant

perturbation separately for the xenon an krypton substitution
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Fig. 5 shows the phonon dispersion spectra of ThO2 compared with the experimental

work by Bryan et al.[3] along with the total phonon density of states

FIG. 5: Phonon dispersion spectra and the total phonon density of states of ThO2

Table I shows the values of the Frobenius norm ratio of the IFC matrix for the di�erent

point defects. The result indicate that the force constants changes are signi�cant when

there is a thorium vacancy and helium substitution. Whereas, the force constant was least

a�ected by the Zirconium substitution.

TABLE I: The frobenius norm of the force constant changes for various defects considered.

Defects VT h VO HeT h Kr T h Zr T h I T h XeT h

� K
K 0.17 0.05 0.17 0.07 0.04 0.05 0.06
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Fig. 6 Shows the phonon-defect scattering of the vacancy and Schottky defects in ThO2.

(a) Anharmonic scattering of ThO2 (b) Thorium vacancy (V T h)

(c) Oxygen vacancy (VO) (d) 100 Schottky defect (SD100)

(e) 110 Schottky defect (SD110) (f) 111 Schottky defect (SD111)

FIG. 6: Scattering rates (� � 1
def ) of phonons as a function of phonon frequency (! ) due to

vacancies and Schottky defects compared to� � 1
anh of the pristine ThO 2 due to three phonon

interactions at 300 K
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Fig. 7 Shows the phonon defect scattering rates of di�erent substitutional defects.

(a) Anharmonic scattering of ThO2 (b) Helium substitution (He T h)

(c) Krypton substitution (Kr T h) (d) Zirconium substitution (Zr T h)

(e) Iodine substitution (I T h) (f) Xenon substitution (Xe T h)

FIG. 7: Scattering rates (� � 1
def ) of phonons as a function of phonon frequency (! ) due to

substitutional point defects in thorium sites compared to � � 1
anh of the pristine ThO 2 due to three

phonon interactions at 300 K
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Fig. 8 Shows the relaxed structure of ThO2 near the vacancies and Schottky defects along

the 100 plane.

(a) Thorium vacancy (V T h) (b) Oxygen vacancy (VO)

(c) 100 Schottky defect (SD100) (d) 110 Schottky defect (SD110)

(e) 111 Schottky defect (SD111)

FIG. 8: Relaxed structures of ThO2 with vacancy defect and Schottky defects. Color codes are

as follows; Th (green), and O (red).
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Fig. 9 Shows the relaxed ThO2 structure near the substitutional defects along the 100

plane.

(a) Helium substitution (He T h) (b) Krypton substitution (Kr T h)

(c) Zirconium substitution (Zr T h) (d) Iodine substitution (I T h)

(e) Xenon substitution (XeT h)

FIG. 9: Relaxed structures of di�erent substitutional defects in ThO 2. Color codes are as

follows; Th (green), O (red), He (black), Kr (magenta), Zr (blue), I (brown), and Xe (cyan).
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Table II shows the nearest neighbour distance changes caused due to the presence of va-

cancy and substitutional defects compared with the pristine. For substitution, the distances

are calculated from the position of the substitutional atom after convergence. For the va-

cancy, the distance are calculated from the origin. Here,d12, d23 and d34 are respectively, the

distance between the �rst and second thorium atom, the distance between the second and

third thorium atom and the distance between the third and fourth thorium atom. d1oxygen

is the distance between the defect and the nearest oxygen atom.

TABLE II: The changes in nearest neighbour distance due to defects compared with

pristine ThO2.

Distance d12 d23 d34 d1oxygen

ThO2 3.9096 3.9096 3.9096 2.3941

HeT h 3.8740 3.9404 3.9202 2.5838

Kr T h 3.8720 3.9322 3.9322 2.1299

XeT h 3.8903 3.9202 3.9251 2.1842

IT h 3.84013 3.9272 3.9317 2.1187

ZrT h 3.87047 3.9413 3.9256 2.2832

VT h 3.87256 3.9411 3.9207 2.5714

VO 3.89489 3.9038 3.9038 2.3817
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