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1 Fock space coupled cluster: computational details

In both molecules the 7s, 6d, and 7p spinors were included in the model (Pi) space.

Table S1: A detailed description of active spaces used in the IH-FSCCSD calculations for the ThO
molecule.

Method/ inactive active active inactive Pi Pi

basis occupied occupied virtual virtual occupied (Eh) virtual(Eh)
IHFSCC(1,1)/dyall.v3z 18 16 22 354 [−10.00;−0.30] [0.08;0.011]
IHFSCC(0,2)/dyall.v3z 36 0 24 350 − [−0.30;−0.20]

Table S2: A detailed description of active spaces used in the IH-FSCCSD calculations for the ThS
molecule.

Method/ inactive active active inactive Pi Pi

basis occupied occupied virtual virtual occupied (Eh) virtual (Eh)
IHFSCC(1,1)/dyall.v3z 18 16 12 352 [−7.0;−0.30] [0.07;0.13]
IHFSCC(0,2)/dyall.v3z 36 0 15 348 − [−0.30;−0.20]

2 IHFSCC total energies
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Table S 5: Composition of the wave function for the ThO model IHFSCC(1,1) and IHFSCC(0,2)
spaces. The assignment to the σ, π, δ, etc. is based on the Mullikan population analysis of the DHF
spinors and should be considered as very approximate.

State IHFSCC(1,1) IHFSCC(0,2)

1 (H) 99% 1
2σ

3
2δ 99% 1

2σ
3
2δ

2 (Q) 69% 1
2σ

3
2δ + 29% 1

2σ
5
2δ 71% 1

2σ
3
2δ + 28% 1

2σ
5
2δ

3 (W) 100% 1
2σ

5
2δ 99% 1

2σ
5
2δ

0− 42% 1
2σ

1
2π + 40% 1

2σ
1
2π
′ 98% 1

2σ
1
2δ

0+(A) 56% 1
2σ

1
2π + 42% 1

2σ
1
2π
′ 98% 1

2σ
1
2δ

2 66% 1
2σ

5
2δ + 24% 1

2σ
3
2δ
′ 62% 1

2σ
5
2δ + 20% 1

2σ
3
2δ

1 (C) 73% 1
2σ

1
2σ
′ + 9% 1

2σ
1
2δ
′′ 77% 1

2σ
1
2δ + 17% 1

2σ
3
2δ
′

2 52% 1
2σ

3
2δ + 36% 1

2σ
3
2δ
′ 89% 1

2σ
3
2δ

0− 85% 1
2σ

1
2δ
′ 98% 1

2σ
1
2δ
′

0+(E) 84% 1
2σ

1
2δ
′ 48% 1

2σ
3
2δ+45% 1

2σ
1
2δ
′

Table S 6: Composition of the wave function for the ThS model IHFSCC(1,1) and IHFSCC(0,2)
spaces. The assignment to the σ, π, δ, etc. is based on the Mullikan population analysis of the DHF
spinors and should be considered as very approximate.

State IHFSCC(1,1) IHFSCC(0,2)

1 97% 1
2σ

3
2δ 99% 1

2σ
3
2δ

2 66% 1
2σ

3
2δ + 31% 1

2σ
5
2δ 69% 1

2σ
3
2δ + 30% 1

2σ
5
2δ

3 100% 1
2σ

5
2δ 100% 1

2σ
5
2δ

0− 70% 1
2σ

1
2π + 26% 1

2σ
1
2π
′ 97% 1

2σ
1
2σ
′

0+ 67% 1
2σ

1
2π + 25% 1

2σ
1
2π
′ 97% 1

2σ
1
2σ
′

2 53% 1
2σ

3
2δ
′ +16% 1

2σ
3
2π +12% 1

2σ
3
2δ
′′ 56% 1

2σ
5
2δ+21% 1

2σ
3
2δ+ +12% 1

2σ
3
2δ
′

2 35% 1
2σ

3
2δ
′ +32% 1

2σ
3
2π +12% 1

2σ
3
2δ
′′ 85% 1

2σ
3
2δ
′

0− 56% 1
2σ

1
2σ
′+38% 1

2σ
1
2σ
′′ 68% 3

2δ
3
2δ +21% 1

2σ
1
2σ
′

0+ 50% 1
2σ

1
2σ
′+38% 1

2σ
1
2σ
′′ 98% 1

2σ
1
2σ
′


