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S1. Dependence of lnKnv on solvation effects during geometry optimization

Because the DIRAC software does not incorporate solvation effects within a two-component 

relativistic Hamiltonian, such effects were explored only during geometry optimizations. These 

optimizations were carried out in either the gas phase or in water as a solvent, employing the 

polarizable continuum model (PCM)1 within the Gaussian09 software package.2 The molecular 

systems used in this analysis included di-nuclear complexes and the H26CaU(PO4)10
2+ cluster model, 

both derived from our previous study.3 The differences in the lnKnv values for molecules optimized 

in the gas phase and in water were relatively small, ranging from 0.02 to 0.39 ‰ (Fig. S1). Hence, 

the solvation effect on geometry is thought to have had only a minor impact on lnKnv. 

Figure S1. Variations in lnKnv as a consequence of applying the solvation effect during geometry 
optimization. The blue diamonds and green triangles depict lnKnv values for molecules optimized in 
the gas phase and in water as a solvent, respectively. The chemical formulae of the U(VI), U(V) and 
U(IV) species are provided in purple, orange and pink font, respectively. U(OH)2

2+ was used as a 
reference when estimating lnKnv.
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S2. Dependence of electron correlation calculation on the number of virtual MOs

The effects of selected molecular orbitals (MOs) on lnKnv values were assessed by performing a 

series of lnKnv calculations while varying the range of orbital energies for the virtual MOs included 

in the correlation calculations. In these trials, UO2F4
2− and UO2(H2O)4

2+ were modeled within the 

U(VI) systems while UF4 was modeled in the U(IV) system. Specifically, we computed lnKnv values 

for the UO2F4
2−/UF4 and UO2F4

2−/UO2(H2O)4
2+ combinations as hypothetical systems. Because of 

the minor dependence of the results on the basis sets that were used, the combination of basis sets 

labeled as (A) as described in Section S3 was used. 

The corresponding results are presented in Table S1. It is noteworthy that including virtual 

MOs with orbital energies of up to 20.0 Eh yielded indistinguishable results from those obtained with 

MOs having an orbital energy of 100.0 Eh. On this basis, virtual MOs with orbital energies of up to 

20.0 Eh were employed in the correlation calculations presented in the main text of the present study. 
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Table S1 The effect of the selection of virtual MOs included in the correlation calculations on lnKnv. 
All the values are shown in units of ‰. The first column in the table indicates the maximum 
threshold of the orbital energies, in units of Eh. 

UO2F4
2−/UF4

lnKnv (‰)Threshold of orbital energy
(Eh) CCSD CCSD(T) FSCCSD CASPT2 RASPT2
1.0 2.88 2.75 1.70 2.71 2.71
2.0 3.08 2.97 1.98 2.79 2.78
3.0 3.13 3.01 2.15 2.84 2.82
4.0 3.16 3.03 2.15 2.83 2.81
5.0 3.07 2.94 2.02 2.72 2.69
6.0 3.07 2.94 1.89 2.72 2.70
7.0 3.09 2.95 1.92 2.73 2.70
8.0 2.95 2.79 1.84 2.57 2.54
9.0 3.00 2.85 1.84 2.62 2.59
10.0 3.00 2.85 1.84 2.62 2.59
20.0 3.08 2.94 1.93 2.71 2.68
50.0 3.08 2.94 1.93 2.71 2.68
100.0 3.08 2.94 1.93 2.70 2.68

UO2F4
2−/UO2(H2O)4

2+

lnKnv (‰)Threshold of orbital energy
(Eh) MP2 CCSD CCSD(T)
1.0 0.95 1.03 0.94
2.0 1.10 1.15 1.09
3.0 1.15 1.20 1.14
4.0 1.28 1.33 1.28
5.0 1.14 1.19 1.13
6.0 1.15 1.19 1.13
7.0 1.14 1.20 1.14
8.0 1.10 1.16 1.10
9.0 1.04 1.11 1.03
10.0 1.04 1.11 1.03
20.0 1.14 1.20 1.14
50.0 1.14 1.20 1.14
100.0 1.14 1.20 1.14
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S3. Basis set dependence of lnKnv

To examine the correlation between lnKnv and the choice of basis sets, lnKnv calculations were 

conducted using various theoretical frameworks. The Hartree-Fock (HF), density functional theory 

(DFT), second-order Møller-Plesset perturbation (MP2) theory,4,5 coupled-cluster theory (CCSD, 

CCSD(T))6,7 and Fock-space CCSD (FSCCSD)8 methods were employed, using the exact two-

component (X2C) relativistic Hamiltonian9–12 for all methods. These calculations were performed 

using different combinations of basis sets as follows.

(A) Dyall.cv2z13 for U and 6-31+G(d)14–17 for the remaining atoms

(B) Dyall.cv2z for U and Dyall.acv2z18 for the remaining atoms

(C) Dyall.cv3z13 for U and Dyall.acv2z for the remaining atoms

(D) Dyall.cv3z for U and Dyall.acv3z18 for the remaining atoms

The quadruple zeta basis set was not examined because it is computationally demanding and 

impractical for the larger real systems. The present DFT calculations utilized the B3LYP hybrid 

exchange-correlation functional.19–21 Because both the complete active-space second-order 

perturbation (CASPT2)22–24 and restricted active-space second-order perturbation (RASPT2)25 

theories have substantial computational demands and are impractical with large basis sets for 

moderately sized molecules, we refrained from conducting the analysis using these methods. This 

work modeled UO2F2 and UO2
2+ as the U(VI) compounds and UF2

2+ as the U(IV) compound and 

calculated lnKnv values for the UO2
2+/UF2

2+, UO2F2/UF2
2+ and UO2F2/UO2

2+ systems. During the HF 

calculations for UF2
2+, the open-shell MOs were treated using an average-of-configuration (AOC) 

procedure. MP2 calculations were not carried out for UF2
2+ because the associated MOs may not 

always be semi-canonical as assumed in the MP2 method when implemented in DIRAC in open-

shell systems. Because of the computational demands associated with employing triple-zeta basis 

sets for all atoms, calculations using the (D) combination were feasible only for UO2
2+ and UF2

2+. 

All lnKnv calculations were performed using the DIRAC21 software package26, 27 and the geometry 
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optimization of the molecular models followed the methodologies outlined in the computational 

details section of the main text. 

During the electron correlation calculations, the correlating electrons were considered to be 

those in occupied MOs ranging from the predominant U 6s orbital to the highest occupied MO. 

Because there is an energy gap between the virtual MO with an orbital energy of approximately 50 

Eh and the subsequent MO, virtual MOs having orbital energies lower than 55.0 Eh were included in 

the correlation calculations. 

The resulting lnKnv values are presented in Table S2. The nearly identical results obtained 

across all the basis sets that were employed suggest that the lnKnv value is only minimally affected 

by the selection of basis sets. Based on this survey, basis set (A) was utilized throughout this work; 

however, exceptionally for hydrogen, the 6-31++G(d,p) was used instead of the 6-31+G(d) to 

include additional polarization functions.

Table S2 The effect of basis sets on lnKnv. All values shown are in units of permil (‰). 
UO2

2+/UF2
2+ HF(AOC) B3LYP CCSD CCSD(T) FSCCSD

(A) 1.51 1.19 1.00 1.07 0.81
(B) 1.51 1.19 0.98 1.07 1.00
(C) 1.50 1.18 1.07 0.98 0.79
(D) 1.49 1.18 1.02 1.02 0.77

UO2F2/UF2
2+ HF(AOC) B3LYP CCSD CCSD(T) FSCCSD

(A) 3.49 2.68 2.90 2.87 2.71
(B) 3.50 2.69 2.87 2.88 2.88
(C) 3.50 2.68 2.96 2.78 2.68

UO2F2/UO2
2+ HF B3LYP MP2 CCSD CCSD(T)

(A) 1.98 1.49 1.75 1.90 1.80
(B) 1.99 1.49 1.82 1.89 1.81
(C) 2.00 1.50 1.82 1.89 1.81
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S4. Results of Mulliken population analysis to confirm the oxidation states

Table S3 Results of Mulliken population analysis using RECP-B3LYP, X2C-HF and X2C-B3LYP 
calculations for all U(IV) species considered in the present study. The oxidation states (OSs) of each 
U are shown in parentheses. Note that the values obtained from RECP calculations are the total spin 
densities of U whereas the X2C values are the sum of the Mulliken populations of U 5f orbitals in the 
open-shell orbitals. The results for U(VI) species are not shown because the calculations for these 
species were conducted assuming closed shells and the OSs were inevitably +VI. 

Molecule RECP-B3LYP X2C-HF X2C-B3LYP
UF4 1.97 (IV) 1.93 (IV) 1.79 (IV)
UCl4 2.11 (IV) 1.95 (IV) 1.83 (IV)
UBr4 2.14 (IV) 1.95 (IV) 1.81 (IV)

U(H2O)9
4+ 2.05 (IV) 1.98 (IV) 1.91 (IV)

U(OH)(H2O)8
3+ 2.06 (IV) 1.96 (IV) 1.89 (IV)

UCl(H2O)8
3+ 2.04 (IV) 1.97 (IV) 1.88 (IV)

U(SO4)(H2O)7
2+ 2.08 (IV) 1.96 (IV) 1.87 (IV)

U(SO4)2(H2O)6 2.08 (IV) 1.97 (IV) 1.89 (IV)
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S5. Comprehensive analyses of CASPT2 and RASPT2 results

The UO2Cl4
2−/UCl4 system, which is the primary focus of the U(IV)-U(VI) system in the main text, 

was analyzed. Initially, the effect of the improved virtual orbital (IVO) technique on the CASPT2 

and RASPT2 calculations was examined. In the case of the CASPT2 process, the inclusion of the 

IVO method did not alter the total energy when specifying the six 5f5/2 spinors (i.e., the open-shell 

spinors in the AOC) in the complete active space (CAS) (Table S4). This lack of an effect is ascribed 

to the fact that the secondary orbitals are unitarily transformed during the block diagonalization of 

the Fock matrix for the CAS configuration interaction (CASCI) in the CASPT2 algorithm, which 

cancels the effect of the IVO approach when the secondary space and the virtual space are identical. 

When extending the CAS to encompass virtual MOs, the IVO approach affected the total energy and 

lnKnv. However, during the CAS (2e, 18s) calculations, intruder state problems seemed to occur, as 

indicated by the low weight of the 0th-order function, despite using the IVO technique. 

Table S4 The effect of incorporating the IVO method and virtual spinors into the CAS during 
CASPT2 calculations. Here, total energy values and lnKnv are given in units of Eh and ‰, 
respectively. The total energy values for UCl4 and lnKnv values for the UO2Cl4

2−/UCl4 system are 
provided. The CAS calculations involving two electrons in six spinors are denoted here as “CAS (2e, 
6s).”

In the case of the RASPT2 method, a calculation without the IVO technique resulted in an 

exceptionally low weight for the 0th function, indicating a breakdown in the calculation process. 

Consequently, an anomalous value for lnKnv was generated (Table S5). For this reason, it appears 

Without IVO With IVO
CAS 

configuration
(# of virtual 

spinors in CAS)

CAS (2e,6s)
(0 virtual spinors)

CAS (2e,6s)
(0 virtual spinors)

CAS (2e,14s)
(+8 virtual spinors)

CAS (2e,18s)
(+12 virtual spinors)

235U −29883.5334420700 −29883.5334420700 −29883.531882303 −29883.5328617215Total
Energy 238U −29883.4298385574 −29883.4298385574 −29883.428278785 −29883.4289116926

235U 0.740 0.740 0.742 0.105Weight 
of 0th 

function 238U 0.740 0.740 0.742 0.208

lnKnv 1.76 1.76 1.66 −365.52
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that the IVO method is required to ensure the stability and accuracy of calculations when using the 

RASPT2 approach.

Table S5 The effect of the IVO technique on RASPT2 calculations. Here total energy and lnKnv are 
given in units of Eh and ‰, respectively. The total energy values for UCl4 and lnKnv values for the 
UO2Cl4

2−/UCl4 system are provided. 
Without IVO With IVO

235U −29883.5309668732 −29883.5322921448Total energy 238U −29883.4132473257 −29883.4286886233
235U 0.00190 0.743Weight of 0th function 238U 0.00723 0.743

lnKnv −14956.18 1.66

Subsequent work explored the effect of RAS variations on lnKnv by altering the RAS 

configuration for UCl4 (Table S6). Although the ground state of UCl4 had three degenerate states 

associated with A and B irreducible representations (irreps) at the CASCI level, we selected irrep A 

for the RASCI and RASPT2 calculations because this provided lower energy values compared with 

irrep B for the RASCI method. The specification of twelve spinors as the RAS3 provided an 

anomalous value for lnKnv despite the moderate weight of the 0th function. Conversely, assigning 

four and eight spinors as the RAS3 yielded a moderate lnKnv value. To assess the potential numerical 

errors in cases in which four or eight spinors were designated as the RAS3, the relationship between 

the variations in the mean-square charge radius (<r2>) and lnKnv for the isotopes 233U, 235U, 236U and 

238U was examined (Fig. S2). In the absence of numerical errors, lnKnv should be proportional to 

<r2>. This proportional relationship was observed when eight spinors were specified as the RAS3 but 

not in any other case, confirming the absence of numerical errors in the case that eight spinors were 

specified as the RAS3. Consequently, eight spinors were employed as the RAS3 in the RASPT2 

calculations for U(IV) molecules, as detailed in the main text. 
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Table S6 The effects of RAS3 variations on lnKnv for UCl4. Total energy is in units of Eh while lnKnv 
is in units of ‰.

# of RAS3 spinors 4 8 12
235U −29883.5330944118 −29883.5322921448 −29884.2614738450Total energy 238U −29883.4294915040 −29883.4286886233 −29884.1578522807
235U 0.741 0.743 0.847Weight of 0th 

function 238U 0.741 0.743 0.847
lnKnv 2.31 1.66 −17.46

Figure S2. Relationship between <r2> and lnKnv for the isotopes 233U, 235U, 236U and 238U. The 
horizontal axis shows <r2> in units of fm2 whereas the vertical axis shows lnKnv in units of ‰. The 
green triangles and blue circles correspond to data obtained using four and eight spinors as the RAS3, 
respectively. The dotted lines indicate linear regressions for each set of data, with the coefficient of 
determination (R2) displayed alongside each regression line. 

Finally, we verified the numerical errors in CASPT2 by varying the irrep and the CI state. To 

validate the choice of irrep, the relationship between <r2> and lnKnv for various isotopes was 

examined in conjunction with two irreps. To ensure a comprehensive comparison, calculations were 

conducted using the HF, B3LYP, CCSD, CCSD(T), CASCI and FSCCSD methods in addition to the 

CASPT2 approach (Fig. S3). The results confirmed that numerical errors were exclusive to the 

CASPT2 calculations with irrep B. Consequently, irrep A was adopted for all subsequent CASPT2 

calculations as described in the main text. Following this, lnKnv calculations at the CASPT2 level 

were performed for three states with the CASCI process and each irrep to assess the correlation 
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between lnKnv and <r2> (Fig. S4). In the case of irrep A, CASCI states 2 and 3 were found to be 

degenerate while calculations involving irrep B indicated that states 1 and 2 exhibited degeneracy. 

The numerical errors observed in these degenerate states confirmed that the degeneracy associated 

with the CASCI procedure contributed to numerical errors. Therefore, it appears that the numerical 

errors in CASPT2 calculations with irrep B may be attributed to the degeneracy in the CASCI results. 

Figure S3. Relationships between <r2> and lnKnv for the isotopes 233U, 235U, 236U and 238U as 
calculated using the HF, B3LYP, CCSD, CCSD(T), CASCI, FSCCSD and CASPT2 methods. The 
horizontal axis shows <r2> in units of fm2 and the vertical axis shows lnKnv in units of ‰. The light 
blue, orange, yellowish green, brown, yellow, gray, blue and green plots depict data for the HF, 
B3LYP, CCSD, CCSD(T), CASCI, FSCCSD and CASPT2 methods, respectively. The dotted lines 
indicate linear regressions for each set of data. Only the R2 value for the CASPT2 results obtained 
with irrep B is displayed alongside the regression line, as R2 values for all other methods exceeded 
0.999. 
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Figure S4. Relationship between <r2> and lnKnv for the isotopes 233U, 235U, 236U and 238U for the 
CASPT2 method with states 1, 2 and 3 for each irrep. The horizontal axis shows <r2> in units of fm2 
and the vertical axis shows lnKnv in units of ‰. The blue, orange and gray plots depict data for states 
1, 2 and 3 in irrep A respectively. The light blue and yellowish green plots depict data for states 1 
and 2 and 3 in irrep B. Because states 1 and 2 in irrep B were completely degenerate, they are 
combined into one data set. The dotted lines indicate linear regressions for each set of data, with R2 
displayed alongside these regression lines. 

For the ultimate CASPT2 and RASPT2 calculations, which are free of numerical errors, MO analysis 
in the RAS and details of the obtained CASCI/RASCI configurations for the UCl4 molecule are 
presented in Tables S7 and S8. According to Table S8, the configurations and their weights for 
CASCI and RASCI are almost identical, suggesting that the impact of extending the RAS is minimal. 
All major configurations are open-shell, i.e., two electrons occupy different Kramers pair orbitals.

Table S7 Main atomic orbital components of the RAS orbitals for the UCl4 molecule.

RAS
Orbital 
energy 
(a.u.)

Atomic 
orbital

Weight 
(%)

Atomic 
orbital

Weight 
(%)

Atomic 
orbital

Weight 
(%)

RAS1 -0.47247 U p 21.5 Cl p 71.3 - -
RAS1 -0.47247 U p 21.5 Cl p 65.2 - -
RAS2 (#1) -0.32064 U f 92.9 U d 2.4 - -
RAS2 (#2) -0.32064 U f 92.9 U d 1.6 - -
RAS2 (#3) -0.31811 U f 85.2 U s 11.1 - -
RAS3 0.02558 U s 74.3 Cl s 23.3 - -
RAS3 0.04930 U p 48.8 Cl s 45.9 - -
RAS3 0.05051 U p 47.1 Cl s 47.3 U d 1.5 
RAS3 0.05051 U p 47.0 Cl s 47.3 U d 2.2 
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Table S8 Main configurations of CASCI and RASCI wave functions. In these calculations, RAS2 
and CAS shared identical orbital space. Since RAS1 and RAS3 are always doubly occupied or 
unoccupied in the main RASCI configurations, only the occupations of six RAS2 spinors are 
described. 'T' and 'F' denote occupied and unoccupied, respectively. Kramers pair orbitals, #1 to #3, 
correspond to those in Table S7.

CASCI energy (a.u.) 　 RASCI energy (a.u.)
Root1

-29882.4464424561 　 -29882.4494433251 

(#1) (#2) (#3) Coeff. Weight 　 Coeff. Weight

F T T F F F -0.697 0.485 -0.678 0.460 
T F F T F F -0.697 0.485 -0.678 0.460 
F T F F T F 0.106 0.011 0.105 0.011 
T F F F F T 0.106 0.011 0.105 0.011 

CASCI energy (a.u.) 　 RASCI energy (a.u.)
Root2

-29882.4456002784 　 -29882.4481236064 

(#1) (#2) (#3) Coeff. Weight 　 Coeff. Weight

F T F F T F -0.497 0.247 0.461 0.212 
T F F F F T 0.497 0.247 -0.461 0.212 
F F F T T F -0.328 0.108 0.354 0.125 
F F T F F T 0.328 0.108 -0.354 0.125 
T T F F F F -0.313 0.098 0.293 0.086 
F F T T F F 0.313 0.098 -0.293 0.086 
F T T F F F -0.217 0.047 0.235 0.055 
T F F T F F 0.217 0.047 -0.235 0.055 

CASCI energy (a.u.) 　 RASCI energy (a.u.)
Root3

-29882.4456002784 　 -29882.4481236064 

(#1) (#2) (#3) Coeff. Weight 　 Coeff. Weight

F F F T T F 0.497 0.247 -0.461 0.212 
F F T F F T -0.497 0.247 0.461 0.212 
F T F F T F -0.328 0.108 0.354 0.125 
T F F F F T 0.328 0.108 -0.354 0.125 
F T T F F F 0.313 0.098 -0.293 0.086 
T F F T F F -0.313 0.098 0.293 0.086 
T T F F F F -0.217 0.047 0.235 0.055 
F F T T F F 0.217 0.047 　 -0.235 0.055 

S6. Electronic energies of the ground and low-lying states 

Table S9 Electronic energies of the ground and low-lying states. The “-” symbol indicates that 
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calculations were not performed.
　 Irrep State 1 State 2 State 3

CCSD A −29883.44141883 - -

　 B −29883.46259390 - -

CCSD(T) A −29883.49173105 - -

　 B −29883.50414108 - -

FSCCSD A −29883.35479853 −29883.34967038 −29883.34723354

　 B −29883.34967038 −29883.34967038 −29883.33908861

CASCI A −29882.44644246 −29882.44560028 −29882.44560028

　 B −29882.44644246 −29882.44644246 −29882.44456160

CASPT2 A −29883.42983856 −29883.42892713 −29883.42907339

　 B −29883.42983802 −29883.42983802 −29883.42823502

RASCI A −29882.44944333 −29882.44812361 −29882.44812361

　 B - - -

RASPT2 A −29883.42868862 - -

　 B - - -
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S7. Configuration analysis of FSCCSD results 

Initially, the occupancies of f orbitals in virtual MOs designated as the Fock space were assessed by 

analyzing the proportion of f orbitals in these MOs. Table S10 presents these proportions alongside 

the corresponding orbital energies. Subsequently, the contribution of each configuration to the 

ground state was investigated, as summarized in Table 11. 

Table S10 Orbital energy values and proportional occupations of f orbitals for each MO specified as 
the Fock space as used in the FSCCSD calculations. The orbital energies have units of Eh.

UF4 Orbital energy Proportion of f orbitals
MO1 −0.6370962247193 84.56 %
MO2 −0.6370962246377 79.93 %
MO3 −0.6359521148321 42.97 %
MO4 −0.6049736344027 83.27 %
MO5 −0.6004036886342 83.76 %
MO6 −0.6004036884238 82.69 %
MO7 −0.5972712316163 43.13 %

UCl4 Orbital energy Proportion of f orbitals
MO1 −0.5275427331659 59.99 %
MO2 −0.5064576685500 71.69 %
MO3 −0.5064576683664 71.70 %
MO4 −0.4619818990009 71.59 %
MO5 −0.4606907119611 79.14 %
MO6 −0.4606907118840 79.15 %
MO7 −0.4567845757738 83.64 %

Table S11 Coefficients of contributing configurations to the ground state as used in the FSCCSD 
calculations. The number of each MO corresponds to that in Table S8.

UF4
Coefficient Fock space MOs in which two electrons are added (irrep in C2)

−0.684 MO1 (’E), MO2 (’’E)
 0.684 MO2 (’E), MO1 (’’E)
 0.133 MO2 (’E), MO4 (’’E)
−0.133 MO4 (’E), MO2 (’’E)

UCl4
Coefficient Fock space MOs in which two electrons are added (irrep in C2)

−0.857 MO1 (’E), MO1 (’’E)
 0.363 MO2 (’E), MO2 (’’E)
 0.363 MO3 (’E), MO3 (’’E)
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S8. T1, T2 amplitudes obtained from CCSD calculations for UCl4 

Table S12 Single and double electron excitation amplitudes (T1 and T2) for UCl4 obtained from the 
CCSD calculations. The values in parentheses indicate the proportion of components in the MO, with 
only those exceeding 10 % shown here.

T1 amplitude Main components of MO 
from which electron is excited

Main components of MO 
to which electron is excited

 0.2186 U f (92.9 %) U f (85.2 %), U s (11.1 %)
−0.1241 U f (92.9 %) U f (85.2 %), U s (11.1 %)
−0.0694 U f (92.9 %) Cl s (67.9 %), U d (11.1 %)
−0.0514 U f (92.9 %) Cl s (54.8 %)
 0.0505 Cl p (98.0 %) U f (85.2 %), U s (11.1 %)
 0.0485 Cl p (98.0 %) U f (85.2 %), U s (11.1 %)

 0.0424 Cl p (96.9 %) Cl s (38.6 %), U d (20.8 %), 
U p (15.6 %), Cl p (11.6 %)

 0.0421 Cl p (92.8 %) Cl s (38.6 %), U d (20.9 %), 
U p (15.6 %), Cl p (11.6 %)

−0.0394 U f (92.9 %) Cl s (67.9 %), U d (11.1 %)
−0.0359 U f (92.9 %) Cl s (54.6 %), Cl p (11.6 %)

 0.0338 Cl p (92.8 %) Cl s (38.6 %), U d (20.9 %), 
U p (15.6 %), Cl p (11.6 %)

 0.0335 Cl p (96.9 %) Cl s (38.6 %), U d (20.8 %), 
U p (15.6 %), Cl p (11.6 %)

−0.0329 U f (92.9 %) Cl s (53.8 %), U p (18.8 %), U d (14.4 %)
−0.0328 U f (92.9 %) Cl s (67.1 %), U p (21.3 %)
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Continued 

T2 amplitude Main components of two MOs 
from which electrons are excited

Main components of two MOs 
to which electrons are excited

 0.0199 U f (92.9 %) U f (92.9 %) Cl s (67.9 %), 
U d (11.1 %) U f (92.9 %)

 0.0188 U f (92.9 %) U f (92.9 %) Cl s (54.6 %), 
Cl p (11.6 %)

U f (85.2 %), 
U s (11.1 %)

−0.0158 U f (92.9 %) U f (92.9 %) Cl s (54.8 %), 
Cl p (16.3 %) U f (92.9 %)

−0.0151 U p (99.0 %) U p (99.0 %) U f (85.2 %), 
U s (11.1 %)

U f (85.2 %), 
U s (11.1 %)

−0.0142 Cl p (92.8 %) Cl p (92.8 %)

Cl s (38.6 %), 
U d (20.9 %), 
U p (15.6 %), 
Cl p (11.6 %)

Cl s (38.6 %), 
U d (20.9 %), 
U p (15.6 %), 
Cl p (11.6 %)

−0.0142 Cl p (96.9 %) Cl p (96.9 %)

Cl s (38.6 %), 
U d (20.8 %), 
U p (15.6 %), 
Cl p (11.6 %)

Cl s (38.6 %), 
U d (20.8 %), 
U p (15.6 %), 
Cl p (11.6 %)

−0.0137 U f (92.9 %) U f (92.9 %) Cl s (54.8 %), 
Cl p (16.3 %)

Cl s (67.9 %), 
U d (11.1 %)

 0.0113 U f (92.9 %) U f (92.9 %) Cl s (67.9 %), 
U d (11.1 %) U f (92.9 %)

−0.0106 U f (92.9 %) U f (92.9 %) Cl s (54.6 %), 
Cl p (11.6 %) U f (92.9 %)

 0.0101 U f (92.9 %) U f (92.9 %) Cl s (67.1 %), 
U p (21.3 %) U f (92.9 %)
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