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S1 Geometric structure of the complexes

Table S1: Crystallographic information for AnVIO2(TEDGA)2(CF3SO3)2 compounds: A, B
and C stand for An=U (CCDC: 2221521), Np (CCDC: 2221522) and Pu (CCDC: 2221523)
respectively.

A B C
C26H48F6N4O14S2U C26H48F6N4O14S2Np C26H48F6N4O14S2Pu

Crystal colour Yellow Orange Orange

Crystal size (µm) 200x180x140 75x25x10 440x140x120

Crystal system Triclinic Triclinic Triclinic

Space group P1 P1 P1

Z 1 1 1

FW 1056.83 1055.8 1060.83

a 9.2787(5) 9.2890(3) 9.2992(4)

b 9.4523(5) 9.4848(4) 9.4826(5)

c 12.1763(6) 12.1496(5) 12.1431(6)

α 112.530(2) 112.722(2) 112.638(2)

β 103.302(2) 103.081(1) 102.943(1)

γ 93.887(2) 93.814(1) 93.797(1)

V (Å3) 945.40(9) 947.51(7) 949.25(8)

Density (Mg.m−3) 1.856 1.85 1.856

Wavelength (Å) 0.71073 0.71073 0.71073

µ (mm−1) 4.499 2.948 1.942

Temperature (K) 100 100 100

2θ range (◦) 1.885 – 30.541 2.363 – 28.360 2.361 – 30.565

L.S. parameters, p 296 323 323

R/Rw [I > 2σ(I)] 0.0303/0.1009 0.0137/0.0358 0.0140/0.0574

R/Rw (all data) [I > 2σ(I)] 0.0335/0.1160 0.0137/0.0358 0.0160/0.0706

Goof 1.248 1.117 1.325

S3



Table S2: Crystallographic information for UVIO2(TEDGA)2(NO3)2 (CCDC: 2221524) and
[UVIO2(TEDGA)(NO3)2](HCCl3) (CCDC: 2221525) compounds noted E and F respectively.

E F
C24H48N6O14U C13H25N4O11Cl3U

Crystal colour Yellow Yellow

Crystal size (mm) 230x50x50 170x160x130

Crystal system Triclinic Monoclinic

Space group P1 P21/c

Z 1 4

FW 882.71 757.75

a 8.3527(6) 12.8928(6)

b 9.5603(6) 12.0150(6)

c 11.6145(8) 15.5651(7)

α 75.369(2) 90

β 85.004(2) 98.515(2)

γ 70.416(2) 90

V (Å3) 845.5(1) 2384.6(2)

Density (Mg.m−3) 1.734 2.111

Wavelength (Å) 0.71073 0.71073

µ (mm−1) 4.870 7.202

Temperature (K) 100 100

2θ range (◦) 2.328 – 28.379 2.150 – 30.545

L.S. parameters, p 205 389

No. of restraints, r 0 0

R/Rw [I > 2σ(I)] 0.0214/0.0573 0.0185/0.0578

R/Rw (all data) [I > 2σ(I)] 0.0215/0.0573 0.0252/0.0674

Goof 1.067 1.179
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S1.1 Molecular Dynamics (MD) simulations1

 

Figure S1: Population in % of each conformer is given for the [UVIO2(TEDGA)2]2+ structures
with the coordination numbers 6 and 5. RDF of the inter and intra dihedral angles (in ◦)
are presented for both structures.
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S1.2 DFT optimized structures

Figure S2: Views of the DFT optimized structure of the [UVIO2(TEDGA)2]2+ complex in
6c(TTT) (left), 6c(CCC) (center) and 5c(TTT) (right) conformations. Color code: U light
blue, O red, N blue, C black, H white. Coordinates are provided in the files u(tedga)2-CN6-
TTT.xyz, u(tedga)2-CN6-CCC.xyz u(tedga)2-CN5-TTT.xyz respectively.

Figure S3: View of the DFT optimized structure of [UVIO2(TEDGA)(H2O)2]2+ complex in
5c(T) conformation.Color code: U light blue, O red, N blue, C black, H white. Coordinates
of the conformations are provided in the file utedga-2h2o.xyz in SI.
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Figure S4: Views of the DFT optimized structure of [PaVO2(TEDGA)2]+ complex with
6c(TTT) (left) and 5c(TTT) (right) conformations. Color code: U light blue, O red, N blue,
C black, H white. Coordinates of the conformations are provided in the files patedga-CN6-
TTT.xyz and patedga-CN5-TTT.xyz in SI respectively.
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(a) Top view

(b) Back view

Figure S5: DFT optimized 6c(TTT), 6c(CCC), and 5c(T) conformations are stacked together
to depict the geometrical changes. The backbone carbon and coordinating oxygen atoms of
the TEDGA ligands of a specific conformation are represented in the same color as the
bright and dark modes. 6c(TTT) is green, 6c(CCC) is magenta, and 5c(T) is orange. The
remaining U, N, and H atoms have color codes of light blue, blue, and white, respectively.

S1.3 Analysis of the conformers

In the study of the AnVI-DPA complexes, the geometry of the complexes used for pNMR

shift calculations were drawn from XRD results.2 In the present study, the TEDGA is a flex-

ible ligand and structures deduced from solid state owing to X-Ray spectroscopy may not be

representative of the complexes’ conformation existing in acetonitrile solution. Furthermore
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the TEDGA complexes may adopt several conformations in solutions that could be in fast

chemical exchange and lead to observed pNMR chemical shifts resulting from an average

of these TEDGA conformations.1 In the TEDGA ligand, carbons 1, 2, 4 and the carbonyl

oxygen atom (O1) belong to the amide plane (cf. figure S6). DFT optimization performed

on the [NpVIO2(TEDGA)2]2+ complex exhibits carbonyl oxygens (O1) in first coordination

sphere and in the plane perpendicular to the molecular yle cation. A similar DFT optimiza-

tion performed on the same complex but without the NpVI cation shows that such TEDGA

dimer exhibits amid groups of one TEDGA in a plane while the second is non-planar with

oxygen atoms O1 outside the plan. It appears that the coordination of the TEDGA to a yle

cation requires a ligand deformation forcing the carbonyl oxygen atoms to lay into a common

plan perpendicular to the yle oxygens.

The flexible parts of the TEDGA complex mainly arises from the ether oxygen atoms

(O2) and the methyl groups in β position of the amide nitrogen (cf. figure S6).
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Figure S6: Carbon numbering of the TEDGA molecule. Amide plans are designed with
dashed blue lines. To show TEDGA flexibility, atom moves are indicated by red arrows.

Regarding the [AnVIO2(TEDGA)2]2+ complexes, MD simulations showed that the oxygen

atoms O1 (1) from the carbonyl are coordinated to the metal center while the oxygen atom

O2 of the ethoxy group is not or at least shortly (a few picoseconds), so that the coordination

number of the metal center could be 5 or 6.1 These results differ from XRD data showing

complexes with 6 oxygen atoms coordinated to the actinyl in the plan perpendicular to the

yl axis. This coordination change of the O2 atom above and below the plane mainly impacts

coordinates of the H1 atoms and therefore the associated geometrical factors G through
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Eq.(2). However, it has to be pointed out that when one TEDGA is coordinated through two

O1 carbonyl atoms, the second TEDGA ligand is coordinated with the three oxygen atoms.

Since H1 chemical shift results from an average of H1 positions, in the [AnVIO2(TEDGA)2]2+

complex, we will consider an average of the 1H coordinates for the coordination numbers 5

and 6 apart. These two corresponding structures will be noted 5c and 6c respectively.

As far as the ethyl chains on the nitrogen atoms, there orientations can be rationalized and

depicted in a few conformations owing to two dihedral angles: θintra defined by the carbonŝC3C2C4C5 belonging to the same amide group and θinter formed by the carbons ̂C3C2C2C3

belonging to the amide groups of different TEDGA inside a [AnVIO2(TEDGA)2]2+ complex.

MD simulations point out the occurrence of different conformations at dihedral angles of

about 0 and 180◦ corresponding to eclipsed and staggered conformations respectively. For

simplicity of notation, we will note C and T to stand for Cis and Trans conformers when

dihedral angle are close to 0 or 180◦ respectively (See Figure S7).

Since there are two intra and one inter dihedral angles in a [AnVIO2(TEDGA)2]2+ com-

plex, 6 conformers can be assigned : TTT, TTC, TCT, CTC, and CCT and CCC. The first

and last letters describe the dihedral angle in a TEDGA ligand (in blue Figure S7) while

the letter in the middle describes the dihedral angle formed by ethyl groups arising from

two TEDGA ligands (in red Figure S7). Based on this dihedral angle measurements, MD

shows the amount of each conformer is independent of the 5c or 6c structures and follow the

order: CTC≈CCC<CTT<CCT<TTT<TCT as reported in Table 2. From Radial Distribu-

tion Function (RDF) plots of the inter and intra dihedral angles (see Figures S1), it comes

out that the fractional populations in close position to Trans, written pinterT and pintraT , are

about 42 and 77% respectively. The corresponding inter or intra C populations are given by:

pkC = 1− pkT with k = inter, intra. If we consider a random distribution of the ethyl groups

of the [AnVIO2(TEDGA)2]2+ complex in these inter and intra positions, we should observe
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the probability laws in Eq.(S1):

pTTT =pintraT pinterT pintraT

pTTC =2pintraT pinterT pintraC

pTCT =pintraT pinterC pintraT

pCTC =pintraC pinterT pintraC (S1)

pCCT =2pintraC pinterC pintraT

pCCC =pintraC pinterC pintraC

The good agreement reported in Table 2 between populations from MD simulations and

calculations obeying simple probability laws, shows that the orientation of the ethyl groups on

a TEDGA amide does not affect the ethyl groups orientation on the second TEDGA amide.

Such behavior has already been mentioned in an isomeric study with a malonamide ligand

(bidendate ligand with 2 amides separated by one sp3 carbon) where the amide conformation

does not affect the second amide.3

Figure S7: Definition of dihedral angles θintra (blue) and θinter (red) in the
[AnVIO2(TEDGA)2]2+ complex. The present isomer noted TCT stands for Trans, Cis, Trans
for the intra, inter and intra dihedral angles respectively.

From MD results (Table 2), the predominant conformation is the TCT followed by the
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TTT while the minority one are the CCC and the CTC conformations whatever the 5c or

6c structure of the [AnVIO2(TEDGA)2]2+ complex. Energy calculations performed by DFT

with some of these conformers show that the energy differences between them are small

(a few kJ.mol−1) confirming the ethyl chain flexibility of the TEDGA and the difficulty

to select privilege conformations. We finally selected the conformer of highest energy CCC

(12kJ.mol−1 difference) and the most stable TTT one (Table 2) for pNMR shifts calculations

and to probe the accuracy or sensitivity of the calculations compared to experimental results.

It has to be mentioned that XRD results present a slight contraction (0.01Å) of the

An-O1 distances from UVI to PuVI complexes (see Table 1). Such accuracy cannot be

taken into account here in the selected conformations because the TEDGA flexibility pre-

vents from such detailed analysis. Therefore we considered the UVI as representative for

NpVI and PuVI cations in the DFT optimizations to get the x, y and z coordinates of the

[AnVIO2(TEDGA)2]2+ complexes. Regarding the NpV complex, since An-O1 distances are

about 0.07Å greater than AnVI complexes, x,y and z coordinates are drawn from DFT cal-

culations performed on the [PaVO2(TEDGA)2]+ considered as representative of the AnV

complexes, including the diamagnetic PaV complex.

DFT energy of the optimized TTT conformer (Table 2) shows that the 5c structure is less

stable (8 kJ.mol−1 greater) than the 6c one and that this feature is particularly noticeable

for the [AnVO2(TEDGA)2]+ complexes since the energy gap is 16 kJ.mol−1. This 8 kJ.mol−1

difference between both oxidation states V and VI which represents about 3 times the room

temperature energy (≈3kBT), exhibits that the 6c structure is more propitious for the AnV

than the AnVI complexes. This is consistent with the NpV carbonyl oxygen O1 distances

that are almost 0.1Å longer than in AnVI complexes (see Table 1). This leaves more place

for the ether oxygen atom O2 to coordinate the metallic center leading to a coordination

number of 6.

To rationalize ab initio calculations with this flexible TEDGA ligand we limited the num-
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ber of conformations to the following selection : Regarding the 1:2 complexes, we consider

hereafter the TTT conformer in 5c and 6c structure for both [AnVIO2(TEDGA)2]2+ and

[AnVO2(TEDGA)2]+ complexes and the CCC conformer of the 5c [AnVIO2(TEDGA)2]2+

complex which appear the less favorable conformation according to MD and DFT results.

(see SI pages S6 and S7 for coordinates)

Regarding the 1:1 complexes from UVI to PuVI, MD simulations show that two water

molecules are in first coordination sphere with the ether and two amide oxygens of the

TEDGA coordinated (conformation noted 2W).1 Aside this 5c structure, another complex

with a third water molecule but only two amide oxygens in the first coordination sphere

was observed by MD simulations (conformation noted 3W). This complex was found incon-

sistent with the experimental paramagnetic shifts.1 Surprisingly, this complex with three

water molecules is slightly more stable according to our DFT calculations than the 2W con-

formation (11kJ/mol difference). Since this energy difference is rather low, only the 2W

conformation with Trans ethyl groups is taken into account and noted 5c(T) hereafter. (see

SI pages S6 for coordinates) It has to be mentioned that geometry optimization performed

by DFT on [UVIO2TEDGA(H2O)3]2+ with a coordination number 6 (6c) led to a strong

distortion of the first coordination sphere and a loss of one water molecule.
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Table S3: Axial geometric factors Gax
K (in 1027m−3) of H and C nuclei for different DFT

optimized conformations calculated according to Eq.(S2).

H1 H2 H3 H4 H5

[UVIO2(TEDGA)2]2+
6c(TTT) -9.890 -7.200 -3.910 -3.971 -2.492

6c(CCC) -7.834 -7.002 -3.631 -3.662 -2.571

5c(TTT) -8.541 -7.023 -5.275 -3.950 -1.980

[UVIO2(TEDGA)(H2O)2]2+ 5c(T) -10.819 -7.200 -3.878 -4.176 -2.548

[PaVO2(TEDGA)2]+
6c(TTT) -8.902 -6.390 -4.238 -3.559 -2.645

5c(TTT) -8.533 -7.269 -5.672 -3.517 -1.9298

C1 C2 C3 C4 C5 C6

[UVIO2(TEDGA)2]2+
6c(TTT) -19.128 -7.5816 -4.930 -4.827 -3.027 -24.385

6c(CCC) -16.855 -7.6037 -4.806 -4.630 -3.042 -24.143

5c(TTT) -15.886 -7.8442 -5.931 -4.714 -2.574 -24.207

[UVIO2(TEDGA)(H2O)2]2+ 5c(T) - - - - - -

[PaVO2(TEDGA)2]+
6c(TTT) -17.614 -7.0752 -5.032 -4.481 -3.079 -22.447

5c(TTT) -14.567 -7.8636 -6.240 -4.291 -2.456 -21.300

Table S4: Rhombic geometric factors Grh
K (in 1027m−3) of H nuclei for different DFT opti-

mized conformations, calculated according to Eq.(S2).

H1 H2 H3 H4 H5

[UVIO2(TEDGA)2]2+
6c(TTT) -13.786 9.036 6.681 -1.263 -0.939

6c(CCC) -12.935 8.587 6.441 -1.006 -0.992

5c(TTT) -12.470 8.328 7.439 -0.967 -1.063

[UVIO2(TEDGA)(H2O)2]2+ 5c(T) 14.786 -9.251 -7.303 1.218 0.669

[PaVO2(TEDGA)2]+
6c(TTT) -13.143 7.319 7.467 -1.302 -1.184

5c(TTT) -12.663 8.177 8.107 -1.065 -1.185
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S2 NMR spectroscopy

S2.1 NMR spectra
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Figure S8: 1H NMR spectra of [NpVIO2]2+ - TEDGA solutions in CD3CN upon addition of
TEDGA ligand at 252 K. Molar ratio R=[NpVI]:[TEDGA] from 1.33 to 0.67 (from bottom
to top) with [NpO2

2+]=25 10−3mol.L−1. 1H assignments in red and black colors correspond
to 1:2 and 1:1 complexes respectively.
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Figure S9: 1H NMR spectra of [PuVIO2]2+ - TEDGA solutions in CD3CN upon addition of
TEDGA ligand at 252 K. Molar ratio R=[PuVI]:[TEDGA] from 1.25 to 0.5 (bottom to top)
with [PuO2

2+]=25 10−3mol.L−1. 1H assignments in red and black colors correspond to 1:2
and 1:1 complexes respectively.
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Figure S10: 1H NMR spectrum of the [NpV(TEDGA)2]+ complex. [NpVO2]+ - TEDGA
solutions in CD3CN upon excess addition of TEDGA ligand at 298 K. Molar ratio R =
[NpV]/[TEDGA] = 0.2 with [NpO2

+] ≈2 0 10−3 mol.L−1. The shape of this 1H spectra is
similar to those of [PuVI(TEDGA)2]2+ complex (See top spectra Figure S9 ).
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Figure S11: TOCSY spectrum of [UVIO2(TEDGA)2]2+ · 2 (OTf)– ≈ 48 mmol.L−1 in CD3CN
at 298 K (25 ◦C ). TOCSY stands for total correlation spectroscopy. This 2D NMR experi-
ment provides correlations between all the protons that make up a “spin system”.
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Figure S12: gCOSY spectrum of [NpVIO2(TEDGA)2]2+ · 2 (OTf)– ≈ 34 mmol.L−1 in CD3CN
at 252 K (-21 ◦C ). COSY stands for correlation spectroscopy. This 2D NMR experiment
provides correlations between protons over two or three chemical bonds. g means pulsed
field gradients are used (in the COSY experiment) to destroy unwanted magnetization.
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S2.2 NMR chemical shifts

Table S5: 1H chemical shifts (ppm) of [AnVIO2(TEDGA)(H2O)x ]2+ and
[AnVIO2(TEDGA)2]2+ complexes (An = U, Np and Pu) in CD3CN solution at 298
K. TMS in CD3CN is used as reference.

δH1 δH2 δH3 δH4 δH5

UVI 5.58 3.568 1.370 4.00 1.425

[AnVIO2(TEDGA)2]2+ NpVI -12.058 -7.703 -4.197 -3.198 -2.708

PuVI -40.94 -31.32 -15.64 -16.31 -10.12

UVI 5.722 3.561 1.393 3.999 1.464

[AnVIO2(TEDGA)(H2O)x ]2+ NpVI -12.04 -7.63 -4.92 -3.14 -2.64

PuVI -46.523 -32.627 -18.039 -18.287 -10.877

[NpVO2(TEDGA)2]+ -42.196 -33.068 -18.745 -16.548 -10.093

Table S6: 13C chemical shifts (ppm) of [AnVIO2(TEDGA)2]2+ complexes (An = U and Pu)
and [NpVO2(TEDGA)2]+ in CD3CN solution at 298 K. TMS in CD3CN is used as reference.

δC1 δC2 δC3 δC4 δC5 δC6

[AnVIO2(TEDGA)2]2+
UVI 73.271 43.202 112.826 42.231 12.644 175.456

NpVI 40.54 29.626 5.44 36.234 8.376 133.696

S20



S2.3 Comparison of the ratios

Table S7: Comparison of 1H and 13C pNMR shifts ratios to axial geometric factors Gax
K

ratios.

RKK′
H1
H5

H2
H5

H3
H5

H4
H5 σH

‡ C1
C5

C2
C5

C3
C5

C4
C5

C6
C5 σC

[AnVIO2(TEDGA)2]2+

δpK
δpK′

Np(VI) 4.3 2.7 1.3 1.7 7.7 3.2 1.7 1.4 9.8

Pu(VI) 4.0 3.0 1.5 1.8 - - - - -

GaxK
GaxK′

†

6c(TTT) 4.0 2.9 1.6 1.6 9%;5% 6.3 2.5 1.6 1.6 8.1 15%

6c(CCC) 3.0 2.7 1.4 1.4 13%;14% ‖ 5.5 2.5 1.6 1.5 7.9 17%

5c(TTT) 4.3 3.5 2.7 2.0 36%;30% 6.2 3.0 2.3 1.8 9.4 18%

[AnVIO2(TEDGA)(H2O)2]2+

δpK
δpK′

Np(VI) 4.3 2.7 1.5 1.7 3%

Pu(VI) 4.2 2.9 1.6 1.8 4%
GaxK
GaxK′

¶ 5c(T) 4.2 2.8 1.5 1.6

[NpVO2(TEDGA)2]+

δpK
δpK′

4.1 3.2 1.7 1.8

GaxK
GaxK′

§ 6c(TTT) 3.4 2.4 1.6 1.3 19%

5c(TTT) 4.4 3.8 2.9 1.8 24%

‡ σ =
1

N

∑{∣∣∣∣ δpKδpK′
− Gax

K

Gax
K′

∣∣∣∣ /( δpKδpK′

)}
; ‖ Np(VI);Pu(VI); † from DFT optimized [UVIO2(TEDGA)2]2+; ¶

from DFT optimized [UVIO2(TEDGA)(H2O)2]2+ ; § from DFT optimized [PaVO2(TEDGA)2]+
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Table S8: Calculated 1H and 13C pNMR shifts for the 5f 1 complexes from magnetic suscep-
tibility tensors collected in Table 4, either using Eq.(3) (ax) or Eq.(2) (ax-rh). Values are in
ppm. XK stands for 1HK or 13CK .

conformer method ∆χax ∆χrh X1 X2 X3 X4 X5 C6

[NpVIO2(TEDGA)2]2+

6c(TTT) ax 1H 3.8 - -16.72 -12.17 -6.61 -6.71 -4.21 -

ax 13C 3.8 - -32.16 -12.75 -8.29 -8.12 -5.09 -41.00

ax-rh 1H + 13C 3.8 -0.1 -17.22 -11.72 -6.29 -6.73 -4.23 -

-33.14 -12.41 -7.99 -8.15 -5.13 -41.13

6c(CCC) ax 1H 4.3 -14.95 -13.37 -6.93 -6.99 -4.91 -

ax 13C 4.2 - -31.14 -14.05 -8.88 -8.55 -5.62 -44.61

ax-rh 1H + 13C 4.0 -0.4 -15.69 -10.82 -5.30 -6.53 -4.63 -

-32.85 -12.02 -7.30 -8.15 -5.44 -42.46

5c(TTT) ax 1H 4.0 -14.89 -12.24 -9.19 -6.88 -3.45 -

ax 13C 4.3 - -29.82 -14.73 -11.13 -8.85 -4.83 -45.45

ax-rh 1H + 13C 3.8 -0.6 -17.55 -9.79 -7.06 -6.92 -3.61 -

-31.95 -11.46 -8.17 -8.16 -4.61 -42.52

[NpVIO2(TEDGA)(H2O)2]2+

5c(T) ax 1H 3.7 -17.57 -11.69 -6.30 -6.78 -4.14 -

ax-rh 1H 3.7 -0.06 -17.82 -11.42 -6.09 -6.77 -4.13 -
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Table S9: Calculated 1H pNMR shifts for the 5f 2 complexes from magnetic susceptibility
tensors collected in Table 5, either using Eq.(3) (ax) or Eq.(2) (ax-rh). Values are in ppm.

conformer method ∆χax ∆χrh H1 H2 H3 H4 H5

[PuVIO2(TEDGA)2]2+

6c(TTT) ax 1H 10.8 - -46.93 -34.17 -18.55 -18.85 -11.82

ax-rh 1H 10.8 -0.004 -46.91 -34.19 -18.57 -18.84 -11.82

6c(CCC) ax 1H 12.2 - -42.24 -37.76 -19.58 -19.75 -13.86

ax-rh 1H 12.1 -0.76 -46.16 -34.47 -17.21 -19.88 -14.05

5c(TTT) ax 1H 11.2 - -42.05 -34.57 -25.96 -19.44 -9.75

ax-rh 1H 11.1 -0.99 -47.15 -30.68 -22.53 -19.72 -10.14

[PuVIO2(TEDGA)(H2O)2]2+

5c(T) ax 1H 11.2 - -53.38 -35.53 -19.14 -20.61 -12.57

ax-rh 1H 11.3 -0.16 -52.62 -36.34 -19.73 -20.62 -12.59

[NpVO2(TEDGA)2]+

6c(TTT) ax 1H 12.2 - -47.87 -34.36 -22.79 -19.14 -14.23

ax-rh 1H 12.2 -0.004 -47.89 -34.35 -22.78 -19.14 -14.23

5c(TTT) ax 1H 11.5 - -43.29 -36.88 -28.78 -17.84 -9.79

ax-rh 1H 11.5 -0.1 -48.84 -33.01 -24.98 -18.25 -10.28
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S2.4 Temperature dependence of the AIS

Table S10: 1H chemical shifts (ppm) of UVI(TEDGA)2(OTf)2 in CD3CN with temperature
T (◦C and K). TMS in CD3CN is used as reference.

T H1 H4 H2 H5 H3◦C K
62.51 335.5 5.571 4.032 3.602 1.450 1.398
57.13 330.1 5.570 4.028 3.597 1.447 1.395
51.75 324.8 5.568 4.024 3.593 1.444 1.391
46.37 319.4 5.566 4.019 3.588 1.441 1.387
41.00 314.0 5.564 4.015 3.583 1.437 1.383
35.62 308.6 5.562 4.010 3.577 1.433 1.379
30.24 303.2 5.559 4.004 3.572 1.429 1.374
25.00 298.0 5.558 4.000 3.568 1.425 1.370
18.56 291.6 5.556 3.995 3.562 1.422 1.366
12.88 285.9 5.554 3.990 3.556 1.418 1.361
7.21 280.2 5.552 3.985 3.551 1.413 1.356
1.54 274.5 5.550 3.980 3.546 1.409 1.352
-4.13 268.9 5.547 3.975 3.540 1.405 1.347
-9.80 263.2 5.545 3.970 3.535 1.401 1.343
-15.47 257.5 5.543 3.964 3.529 1.397 1.338
-21.14 251.9 5.541 3.961 3.525 1.394 1.335
-26.81 246.2 5.539 3.957 3.521 1.391 1.331
-32.48 240.5 5.537 3.951 3.515 1.386 1.325
-38.15 234.9 5.535 3.944 3.508 1.380 1.319
-43.82 229.2 5.533 3.939 3.503 1.376 1.315
-49.49 223.5 5.531 3.934 3.498 1.372 1.310
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Table S11: 13C chemical shifts (ppm) of UVI(TEDGA)2(OTf)2 in CD3CN with temperature
T (◦C and K). TMS in CD3CN is used as reference.

T C6 C1 C2 C4 C3 C5◦C K
62.51 335.5 175.907 73.582 43.630 42.728 13.171 12.913
57.13 330.1 175.847 73.540 43.574 42.660 13.126 12.879
51.75 324.8 175.786 73.498 43.517 42.591 13.080 12.845
46.37 319.4 175.718 73.453 43.456 42.523 13.031 12.803
41.00 314.0 175.649 73.407 43.395 42.455 12.981 12.761
35.62 308.6 175.589 73.366 43.335 42.383 12.932 12.727
30.24 303.2 175.528 73.324 43.274 42.310 12.883 12.693
25.00 298.0 175.456 73.271 43.202 42.231 12.826 12.644
18.56 291.6 175.384 73.217 43.130 42.151 12.769 12.595
12.88 285.9 175.320 73.176 43.066 42.075 12.720 12.553
7.21 280.2 175.255 73.134 43.001 41.999 12.670 12.511
1.54 274.5 175.194 73.093 42.933 41.924 12.617 12.466
-4.13 268.9 175.133 73.051 42.864 41.848 12.564 12.420
-9.80 263.2 175.069 73.006 42.800 41.776 12.511 12.379
-15.47 257.5 175.004 72.960 42.735 41.704 12.458 12.337
-21.14 251.9 174.944 72.918 42.663 41.628 12.401 12.292
-26.81 246.2 174.883 72.876 42.591 41.552 12.344 12.246
-32.48 240.5 174.822 72.831 42.519 41.469 12.284 12.197
-38.15 234.9 174.761 72.785 42.447 41.385 12.223 12.147
-43.82 229.2 174.701 72.747 42.379 41.309 12.166 12.098
-49.49 223.5 174.640 72.709 42.310 41.233 12.109 12.048
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Table S12: 1H chemical shifts (ppm) of NpVI(TEDGA)2(OTf)2 in CD3CN with temperature
T (◦C and K). TMS in CD3CN is used as reference.

T H5 H4 H3 H2 H1◦C K
67.89 338.0 -2.142 -2.25 -3.361 -6.224 -9.587
62.51 335.5 -2.204 -2.365 -3.453 -6.391 -9.860
57.13 330.1 -2.266 -2.48 -3.545 -6.557 -10.133
51.75 324.8 -2.328 -2.584 -3.637 -6.721 -10.409
46.37 319.4 -2.39 -2.687 -3.728 -6.885 -10.685
41.00 314.0 -2.478 -2.827 -3.857 -7.109 -11.055
35.62 308.6 -2.548 -2.939 -3.96 -7.286 -11.353
30.24 303.2 -2.636 -3.08 -4.088 -7.513 -11.735
25.00 298.0 -2.708 -3.198 -4.197 -7.703 -12.058
18.56 291.6 -2.814 -3.372 -4.356 -7.974 -12.515
12.88 285.9 -2.911 -3.525 -4.499 -8.223 -12.936
7.21 280.2 -2.997 -3.666 -4.629 -8.443 -13.308
1.54 274.5 -3.114 -3.854 -4.804 -8.742 -13.814
-4.13 268.9 -3.221 -4.030 -4.968 -9.020 -14.285
-9.80 263.2 -3.328 -4.205 -5.132 -9.297 -14.756
-15.47 257.5 -3.445 -4.394 -5.309 -9.594 -15.264
-21.14 251.9 -3.561 -4.583 -5.486 -9.891 -15.772
-26.81 246.2 -3.666 -4.757 -5.649 -10.17 -16.258
-32.48 240.5 -3.812 -4.994 -5.873 -10.538 -16.885
-38.15 234.9 -3.95 -5.22 -6.086 -10.891 -17.494
-43.82 229.2 -4.084 -5.439 -6.294 -11.235 -18.09
-49.49 223.5 -4.227 -5.675 -6.516 -11.603 -18.728
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Table S13: 13C chemical shifts (ppm) of NpVI(TEDGA)2(OTf)2 in CD3CN with temperature
T (◦C and K). TMS in CD3CN is used as reference.

T C6 C1 C4 C2 C5 C3◦C K
67.89 338.0 138.832 45.178 37.469 31.469 9.272 6.662
62.51 335.5 138.301 44.723 37.405 31.420 9.170 6.533
57.13 330.1 137.770 44.268 37.341 31.371 9.067 6.404
51.75 324.8 137.110 43.644 37.163 31.132 8.953 6.222
46.37 319.4 136.450 43.020 36.985 30.893 8.839 6.040
41.00 314.0 135.896 42.424 36.818 30.574 8.733 5.880
35.62 308.6 135.180 41.863 36.636 30.248 8.627 5.752
30.24 303.2 134.455 41.165 36.431 29.937 8.498 5.650
25.00 298.0 133.696 40.540 36.234 29.626 8.376 5.440
18.56 291.6 132.801 39.610 36.100 29.239 8.217 5.200
12.88 285.9 131.959 38.870 35.818 28.879 8.077 4.998
7.21 280.2 131.117 38.130 35.536 28.518 7.936 4.796
1.54 274.5 130.195 37.292 35.297 28.128 7.788 4.576
-4.13 268.9 129.273 36.454 35.058 27.737 7.640 4.356
-9.80 263.2 128.242 35.500 34.785 27.305 7.481 4.098
-15.47 257.5 127.300 34.534 34.534 26.902 7.300 3.863
-21.14 251.9 126.230 33.680 34.254 26.455 7.102 3.627
-26.81 246.2 125.200 32.440 33.988 25.689 6.988 3.339
-32.48 240.5 124.040 31.500 33.677 25.529 6.783 3.051
-38.15 234.9 122.870 30.453 33.381 25.059 6.670 2.755
-43.82 229.2 121.670 29.300 33.063 24.528 6.434 2.550
-49.49 223.5 120.400 28.090 32.750 24.000 6.270 2.150
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Table S14: 1H chemical shifts (ppm) of PuVI(TEDGA)2(OTf)2 in CD3CN with temperature
T (◦C and K). TMS in CD3CN is used as reference.

T H5 H4 H3 H2 H1◦C K
62.51 335.5 -8.73 -13.91 -13.42 -27.17 -35.15
57.13 330.1 -8.925 -14.245 -13.71 -27.73 -35.95
51.75 324.8 -9.12 -14.58 -14 -28.29 -36.74
46.37 319.4 -9.19 -14.75 -14.21 -28.69 -37.30
41.00 314.0 -9.41 -15.13 -14.52 -29.28 -38.13
35.62 308.6 -9.63 -15.51 -14.87 -29.95 -39.04
30.24 303.2 -9.87 -15.91 -15.25 -30.6 -39.99
25.00 298.0 -10.12 -16.31 -15.64 -31.32 -40.94
18.56 291.6 -10.36 -16.73 -16.04 -32 -41.97
12.88 285.9 -10.61 -17.16 -16.45 -32.74 -42.97
7.21 280.2 -10.87 -17.61 -16.89 -33.51 -44.04
1.54 274.5 -11.15 -18.09 -17.36 -34.3 -45.18
-4.13 268.9 -11.43 -18.58 -17.81 -35.11 -46.30
-9.80 263.2 -11.74 -19.08 -18.33 -35.99 -47.55
-15.47 257.5 -12.04 -19.63 -18.83 -36.9 -48.83
-21.14 251.9 -12.37 -20.16 -19.36 -37.84 -50.16
-26.81 246.2 -12.7 -20.76 -19.95 -38.8 -51.53
-32.48 240.5 -13.06 -21.31 -20.53 -39.84 -53.00
-38.15 234.9 -13.41 -22 -21.17 -40.88 -54.51
-43.82 229.2 -13.81 -22.66 -21.89 -41.97 -56.15
-49.49 223.5 -14.25 -23.44 -22.63 -43.34 -58.00
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Table S15: 1H chemical shifts (ppm) of NpV(TEDGA)2(OTf) in CD3CN with temperature
T (◦C and K). TMS in CD3CN is used as reference.

T H5 H4 H3 H2 H1◦C K
67.89 338.0 -8.266 -13.557 -15.641 -28.183 -34.978
62.51 335.5 -8.43 -13.924 -16.021 -28.652 -35.747
57.13 330.1 -8.693 -14.292 -16.413 -29.302 -36.685
51.75 324.8 -8.914 -14.606 -16.757 -29.842 -37.56
46.37 319.4 -9.123 -14.939 -17.132 -30.432 -38.375
41.00 314.0 -9.341 -15.285 -17.482 -30.993 -39.084
35.62 308.6 -9.63 -15.774 -17.976 -31.796 -40.255
30.24 303.2 -9.853 -16.165 -18.374 -32.432 -41.281
25.00 298.0 -10.09 -16.548 -18.745 -33.068 -42.196
18.56 291.6 -10.41 -17.103 -19.309 -33.964 -43.324
12.88 285.9 -10.66 -17.511 -19.744 -34.646 -44.345
7.21 280.2 -10.97 -18.037 -20.271 -35.507 -45.514
1.54 274.5 -11.21 -18.456 -20.705 -36.188 -46.622
-4.13 268.9 -11.56 -19.047 -21.294 -37.214 -48.001
-9.80 263.2 -11.84 -19.515 -21.791 -37.963 -49.088
-15.47 257.5 -12.18 -20.104 -22.385 -38.901 -50.494
-21.14 251.9 -12.48 -20.627 -22.909 -39.834 -51.666
-26.81 246.2 -12.89 -21.339 -23.657 -40.011 -53.479
-32.48 240.5 -13.21 -21.893 -24.214 -41.862 -54.676
-38.15 234.9 -13.6 -22.563 -24.90 -43.005 -56.352
-43.82 229.2 -13.96 -23.196 -25.542 -44.029 -58.023
-49.49 223.5 -14.40 -23.962 -26.357 -45.324 -59.704

Table S16: 1H chemical shifts (ppm) of UVI(TEDGA)(H2O)x (OTf)2 in CD3CN with tem-
perature T (◦C and K). TMS in CD3CN is used as reference.

T H1 H4 H2 H5 H3 H2O◦C K
62.51 335.5 5.726 4.049 3.597 1.496 1.424 2.694
51.75 324.8 5.725 4.037 3.588 1.488 1.416 2.874
41 314.0 5.722 4.019 3.575 1.476 1.404 3.009

30.24 303.2 5.722 4.006 3.566 1.468 1.397 3.221
25.00 298.0 5.722 3.999 3.561 1.464 1.393 3.359
18.56 291.6 5.722 3.992 3.556 1.459 1.388 3.496
7.21 280.2 5.726 3.983 3.551 1.455 1.384 3.752
-4.13 268.9 5.722 3.964 3.538 1.443 1.371 4.069
-15.47 257.5 5.721 3.949 3.527 1.434 1.362 4.432
-26.81 246.2 5.719 3.934 3.518 1.425 1.354 4.812
-38.15 234.9 5.721 3.923 3.512 1.420 1.348 5.199
-49.49 223.5 5.714 3.903 3.496 1.406 1.334 5.49
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Table S17: 1H chemical shifts (ppm) of NpVI(TEDGA)(H2O)x (OTf)2 in CD3CN with tem-
perature T (◦C and K). TMS in CD3CN is used as reference.

T H1 H2 H3 H4 H5◦C K
25.00 298.0 -12.040 -7.630 -4.92 -3.140 -2.640
-21.14 251.9 -15.550 -10.040 -6.220 -4.620 -3.56

Table S18: 1H chemical shifts (ppm) of PuVI(TEDGA)(H2O)x (OTf)2 in CD3CN with tem-
perature T (◦C and K respectively). TMS in CD3CN is used as reference.

T H5 H4 H3 H2 H1 H2O◦C K
62.51 335.5 -9.264 -15.284 -15.676 -28.280 -39.779 0.93
57.13 330.1 -9.469 -15.625 -16.008 -28.817 -40.588 0.84
51.75 324.8 -9.685 -15.997 -16.351 -29.398 -41.413 0.66
46.37 319.4 -9.893 -16.352 -16.699 -29.969 -42.335 0.5
41.00 314.0 -10.121 -16.753 -17.067 -30.601 -43.283 0.6
35.62 308.6 -10.343 -17.128 -17.412 -31.147 -44.106 1.2
30.24 303.2 -10.605 -17.599 -17.834 -31.944 -45.371 1
25.00 298.0 -10.877 -18.287 -18.039 -32.627 -46.523 1.7
18.56 291.6 -11.145 -18.712 -18.712 -33.404 -47.750 2
12.88 285.9 -11.400 -19.138 -19.138 -34.082 -48.810 2.2
7.21 280.2 -11.703 -19.624 -19.624 -35.045 -50.250 2.1
1.54 274.5 -11.980 -20.079 -20.079 -35.700 -51.314 2.7
-4.13 268.9 -12.316 -20.625 -20.625 -36.843 -52.657 2.8
-9.80 263.2 -12.627 -21.097 -21.097 -37.645 -53.939 2.6
-15.47 257.5 -13.016 -21.748 -21.748 -38.643 -55.517 2.5
-21.14 251.9 -13.470 -22.450 -22.450 -39.510 -56.580 -
-26.81 246.2 -13.768 -22.925 -22.925 -40.565 -58.389 3
-32.48 240.5 - - - - - -
-38.15 234.9 -14.639 -24.237 -24.237 -42.730 -61.692 2.8
-43.82 229.2 - - - - - -
-49.49 223.5 -15.681 -25.837 -25.837 -45.392 -65.772 5
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S3 Magnetic susceptibility tensor χ

S3.1 Magnetic susceptibility tensor χ deduced fom AIS

The pseudo-contact shift of a nucleus K δpcK is expressed in terms of the axial and rhombic

components of the χ tensor according to4

δpcK =
106

12πNA

(∆χaxG
ax
K + ∆χrhG

rh
K ) (2)

where δpcK is expressed in ppm, NA is Avogadro constant, and rK is the position of nucleus

K rK , defining the axial and rhombic geometrical factors Gax
K and Grh

K as

Gax
K =

3z2
K

r5
K

− 1

r3
K

and Grh
K =

3

2

x2
K − y2

K

r5
K

(S2)

In the present study, the PAF is foreseen from the symmetry of the complexes: the axial

direction z is along the yle bond, and one equatorial along the x and the other one along

the y. Those axes are chosen in order to fulfill Bertini’s convention. With ∆χrh opposite in

sign to ∆χax.5 In case where this condition is not fulfilled, one should permute the x and y

axes. This convention is further applied to ab intio calculations.

This is a linear set of equations of the two unknowns ∆χax and ∆χrh in terms of the N

Gax
K and Grh

K determined for a given structural geometry. Written in a matrix form we have


δpc1

...

δpcN

 =
106

12πNA


Gax

1 Grh
1

...
...

Gax
N Grh

N


∆χax

∆χrh

 (S3)

or
−→
D = G.

−→
C (S4)

with
−→
D the vector representing the N experimental AIS (columns of δpcK ) multiplied by

12πNA.10−6,
−→
C is the vector formed by the axial and rhombic components of the χ tensor
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and G is the matrix made of axial and rhombic geometrical factors for the different active

nuclei (Gax
K , G

rh
K ).

We solved Eq.(2) using two methods: i) The direct method consists in applying the least

squares regression model in the matrix form:
−→
C=(Gt G)−1. (Gt−→D). (Gt stands for the

transpose of the G matrix).

ii) An iterative least square method written in Python6 looking for a minimum value of

the quality factor Qpc

Qpc =

√∑
K

(δpc,exp
K − δpc,calc

K )2∑
K

(δpc,exp
K )2

(S5)

closely related to the rmsd (Root-Mean-Square Deviation) value.7.

Table S19 presents the magnetic susceptibility components determined with all the MD

conformations of each conformers with Eqs.(3) (ax) and (2) (ax-rh), with the Qpc factor

associated. The addition of the rhombic component improves the fit, but it is because the

experimental AIS represents the whole conformation and not only one conformer. We can

see that all conformers have a similar χ component for the same cation, contrary to what was

determined with the DFT optimized conformations (Tables 4 and 5), showing the importance

of taking into account all conformations of each conformer. This is in agreement with the

SO-CASPT2 values, which remain similar for the different conformers.

The MD mix values, corresponding to the magnetic susceptibility components determined

with the MD simulation proportion of each conformer (Table 2) and the optimal values for the

optimal proportion of the 5c and 6c structures were determined in our previous paper1. The

∆χax values are 12.3 and 12.9 10−8m3.mol−1for the PuVI and NpV complexes, respectively,

which are close to those determined by SO-CASPT2, with 13.3 and 13.9 10−8m3.mol−1 for

the PuVI and NpV 6c(TTT) complexes, respectively. For these 5f 2 cations, less than 10%

of difference is observed. The CASPT2 values are more dependent of the conformer for

the NpVI cation, but the ∆χax from MD (4.3 10−8m3.mol−1) remains at the same order of
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magnitude.

Table S19: Magnetic susceptibility tensor at 298 K (in 10−8m3.mol−1) for different conform-
ers, deduced from the fit of the 1H AIS with the MD geometric factors. The fit is performed
either using Eq.(3) (ax) or Eq.(2) (ax-rh). Qpc (in %) characterizes the standard deviation
of the fitting procedure (see Eq.(S5)).

5c 6c
ax ax-rh ax ax-rh

NpVI ∆χax Qpc ∆χax ∆χrh Qpc ∆χax Qpc ∆χax ∆χrh Qpc

(TTT) 4.3 7.3 4.3 -0.2 4.8 4.2 6.6 4.3 -0.2 1.8
(TCT) 4.4 6.5 4.4 -0.1 5.2 4.1 8.4 4.3 -0.2 4.8
(TTC) 4.3 8.2 4.2 -0.2 6.2 4.1 5.7 4.3 -0.2 1.9
(CCT) 4.4 6.5 4.4 -0.1 5.4 4.1 8.6 4.3 -0.2 5.2
(CCC) 4.4 5.4 4.4 -0.1 4.5 4.1 9.3 4.3 -0.2 6.3
(CTC) 4.3 9.2 4.2 -0.1 8.0 4.1 6.7 4.2 -0.2 1.4
MD mix 4.3 -0.1 3.4 4.3 -0.2 3.5
Optimal for 67% of 5c and 33% of 6c: 4.3 0 2.4

5c 6c
ax ax-rh ax ax-rh

PuVI ∆χax Qpc ∆χax ∆χrh Qpc ∆χax Qpc ∆χax ∆χrh Qpc

(TTT) 12.1 4.4 12.1 -0.1 4.3 11.5 12.8 12.2 -1.2 2.8
(TCT) 12.4 5.6 12.5 -0.2 5.1 11.5 14.2 12.2 -1.2 5.6
(TTC) 12.0 5.8 12.1 -0.1 5.7 11.5 11.9 12.2 -1.1 2.8
(CCT) 12.4 6.0 12.5 -0.2 5.4 11.5 14.3 12.2 -1.2 6.1
(CCC) 12.3 5.0 12.4 -0.3 3.8 11.5 14.9 12.3 -1.2 7.3
(CTC) 12.0 7.8 12.0 -0.1 7.6 11.4 12.8 12.1 -1.2 1.6
MD mix 12.3 -0.2 2.6 12.2 -1.2 4.3
Optimal for 82% of 5c and 18% of 6c: 12.3 -0.4 2.4

5c 6c
ax ax-rh ax ax-rh

NpV ∆χax Qpc ∆χax ∆χrh Qpc ∆χax Qpc ∆χax ∆χrh Qpc

(TTT) 12.6 7.9 12.7 -0.3 7.3 12.0 14.9 12.8 -1.5 1.8
(TCT) 12.9 6.2 13.1 -0.5 4.0 12.0 15.7 12.9 -1.5 2.6
(TTC) 12.5 9.2 12.6 -0.3 8.7 12.0 14.1 12.8 -1.4 2.3
(CCT) 12.9 6.9 13.1 -0.5 4.6 12.0 15.8 12.9 -1.5 3.4
(CCC) 12.8 7.9 13.0 -0.6 5.6 12.0 16.2 12.9 -1.5 5.0
(CTC) 12.4 11.2 12.6 -0.4 10.5 11.9 15.5 12.7 -1.5 3.7
MD mix 12.9 -0.4 4.3 12.9 -1.5 1.8
Optimal for 20% of 5c and 80% of 6c: 12.9 -1.3 1.6
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S3.2 Modelling the AIS

Two Kramers Doublets (KDs) model for 5f 1 actinyl complexes

The axial magnetic susceptibility can be expressed in terms of the representation matrices

of the magnetic moment operator M̂ = −µB(L̂+ geŜ) where L and S denote the orbital and

spin moment operators respectively and µB Bohr magneton2

∆χax = NAµ0µ
2
B

1

Q0

∑
n=1,2

e−
En
kT

[
∆M2

nn

kT
+ 2

∑
m6=n

∆M2
nm

Em − En

]
(S6)

where n,m count the two KDs, ∆M2
nm = ‖Mz,nm‖2 − 1

2

(
‖Mx,nm‖2 + ‖My,nm‖2), ‖‖ repre-

sents the norm of the matrix, and Mz,nm is the matrix representation of M̂ in the block nm.

Q0 is the partition function, µ0 the magnetic permeability and k the Boltzmann constant.

In the case of axial symmetry ‖Mx,nm‖2 = ‖My,nm‖2 = ‖M⊥,nm‖2.

In the [NpVIO2]2+ complexes, the two lowest energetically well isolated KDs, KD1 and

KD2 separated by energy ∆, are mostly responsible for the magnetic behavior. As shown for

the [NpVIO2(TEDGA)2]2+ complex in Figure S13, the g tensor of the two KDs are collinear

with z along the yle bond and ‖Mz,nn‖2 = 1
2
g2
n‖ and ‖M⊥,nn‖2 = 1

2
g2
n⊥, gn‖ and gn⊥ being

the axial and equatorial g factors of KDn. Then Eq.(S6) can be written as

∆χax = NAµ0µ
2
B

[(
e∆/2kT∆g2

1 + e−∆/2kT∆g2
2

)
4kT (e∆/2kT + e−∆/2kT )

+

(
e∆/2kT − e−∆/2kT

)
∆M2

12

∆ (e∆/2kT + e−∆/2kT )

]
(S7)

where ∆g2
n = g2

n‖ − g2
n⊥. Fitting the values of ∆χax deduced from AIS as a function of

temperature with Eq.(S7) provides the values of ∆g2
1, ∆g2

2, ∆M2
12 and ∆. ∆g2

1 and ∆g2
2

characterize the magnetic anisotropy of KD1 and KD2, ∆M2
12 the anisotropic Van Vleck

interaction between the two KDs and ∆ their energy separation.

In the limit where ∆� kT , KD2 is not thermally populated and Eq.(S7) reduces to

∆χax = NAµ0µ
2
B

[
∆g2

1

4kT
+

∆M2
12

∆

]
(5)
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The first term is a Curie term due to KD1 and KD2 brings only a TIP (Temperature

Independent Paramagnetism) contribution. In this case, ∆χaxT is a straight line. The slope

gives the value of ∆g2
1 and the intercept

∆M2
12

∆
. Since KD2 is not populated, one can not

determine ∆g2
1 from the temperature dependence.

The equations for ∆χrh are the same as Eqs. (S7) and (5) replacing ∆g2
1, ∆g2

2 and ∆M2
12

by their rhombic counterparts: ∆g2
nrh = g2

nx − g2
ny and ∆M2

rh12 = ‖Mx,12‖2 − ‖My,12‖2.

Non Kramers Doublet (NKD) model for 5f 2 actinyl complexes

In the [PuVIO2]2+ complexes, the two lowest states are almost degenerate (with a gap ∆) and

are well separated in energy from other as shown in Table S26. Eq.(S6) reduces to the second

term, the so-called Van Vleck term within the two components of the NKD. Furthermore, a

NKD has only one non zero g value, g‖ along the z direction, ‖Mz,12‖2 = 1
2
g2
‖ and the axial

magnetic susceptibility can be written as

∆χax = NAµ0µ
2
B

e∆/2kBT − e−∆/2kBT

2∆ (e∆/2kBT − e−∆/2kBT )
g2
‖ (S8)

Fitting of the values of ∆χax deduced from the variation of the AIS with temperature with

Eq.(S8) provides the values for g‖, the g factor of the NKD and ∆ its energy splitting. From

Table S27 it can be noticed that the interaction with the excited states introduces a small

magnetization in the plane which is mostly from orbital contribution.

S4 Ab initio results

S4.1 5f 1 configuration
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Table S20: Energy levels (in cm−1) from the SF calculations for 5f 1 complexes. The states
are labelled according to the linear symmetry.

CASSCF CASPT2 RASSCF RASPT2
[NpVIO2]2+

2Φ 0 0 0 0
2Φ 0 0 0 0
2∆ 1325 1175 1560 1388
2∆ 1325 1175 1560 1388
2Π 23895 25025 25050 22075
2Π 23895 25025 25050 22075

[NpVIO2(TEDGA)2]2+ XRD
2∆ 0 0 0 0
2∆ 368 382 320 344
2Φ 1681 891 1264 589
2Φ 4006 4024 3575 3687
2Π 18826 22267 19448 19828
2Π 18900 23830 19602 20921

[NpVIO2(TEDGA)2]2+ 6c(CCC)
2∆ 0 0 0 0
2∆ 418 390 352 300
2Φ 1851 1276 1416 860
2Φ 3597 3585 3157 3160
2Π 18834 23340 19481 20442
2Π 18957 23513 19632 20707

[NpVIO2(TEDGA)2]2+ 6c(TTT)
2∆ 0 0 0 0
2∆ 511 609 452 522
2Φ 1858 1224 1434 775
2Φ 3665 3630 3238 3210
2Π 19025 23758 19651 20749
2Π 19081 23922 19786 21133

[NpVIO2(TEDGA)2]2+ 5c(TTT)
2∆ 0 0 0 0
2∆ 527 727 462 628
2Φ 2486 2597 2033 2140
2Φ 3222 3499 2770 3041
2Π 18885 23502 19533 20717
2Π 18933 23713 19589 20843

[NpVIO2(TEDGA)(H2O)2]2+ 5c(T)
2∆ 0 0 0 0
2∆ 369 502 334 459
2Φ 1624 1205 1235 776
2Φ 3142 3365 2723 2899
2Π 19478 23331 20180 21462
2Π 19578 23450 20278 21588
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Table S21: Energy levels (in cm−1) from the SO calculations for 5f 1 complexes. The states
are labelled according to the linear symmetry.

CASSCF CASPT2 RASSCF RASPT2
[NpVIO2]2+

Φ5/2 0 0 0 0
∆3/2 3067 2963 3316 3122
Φ7/2 8151 8167 8060 8079
∆5/2 9290 9175 9471 9337
Π1/2 26949 28500 28275 25763
Π3/2 30480 32121 31373 29020

[NpVIO2(TEDGA)2]2+ XRD
Φ/∆5/2 349 0 0 0

∆3/2 0 418 297 601
∆/Φ5/2 7021 7015 7038 7168

Φ7/2 9589 9579 9267 9465
Π1/2 20468 24648 21371 22420
Π3/2 23613 28074 24273 25484

[NpVIO2(TEDGA)2]2+ 6c(CCC)
Φ/∆5/2 364 0 0 0

∆3/2 0 424 357 637
∆/Φ5/2 7077 7070 7123 7253

Φ7/2 9356 9294 9054 9150
Π1/2 20508 25164 21444 22741
Π3/2 23655 28216 24346 25612

[NpVIO2(TEDGA)2]2+ 6c(TTT)
Φ/∆5/2 403 0 0 0

∆3/2 0 535 396 744
∆/Φ5/2 7093 7133 7138 7309

Φ7/2 9387 9320 9092 9183
Π1/2 20642 25570 21578 23099
Π3/2 23790 28623 24478 25980

[NpVIO2(TEDGA)2]2+ 5c(TTT)
Φ/∆5/2 485 603 348 0

∆3/2 0 0 0 484
∆/Φ5/2 7159 7157 7148 7183

Φ7/2 9291 9374 8902 9032
Π1/2 20473 25048 21338 22496
Π3/2 23603 28082 24225 25348

[NpVIO2(TEDGA)(H2O)2]2+ 5c(T)
Φ/∆5/2 0 0 0 0

∆3/2 272 487 499 748
∆/Φ5/2 7047 7107 7213 7317

Φ7/2 9048 9160 8864 9005
Π1/2 21180 25142 22259 23712
Π3/2 24359 28242 25177 26603
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Table S22: Composition (in %) of the SO states in terms of the SF ones, g-factors for the
two lowest KDs and their energy gaps ∆ (in cm−1) in 5f 1 complexes.

Method KD Φ ∆ Π gx gy gz ∆

[NpVIO2(TEDGA)2]2+ XRD
SO-CASSCF KD1 15 83 2 1.20 0.99 0.55 359

KD2 60 39 0.7 1.08 0.95 2.92
SO-CASPT2 KD1 64 35 0.2 0.80 1.10 3.18 418

KD2 14 84 2 1.01 0.83 1.40
SO-RASSCF KD1 59 40 0.4 1.05 1.23 2.95 297

KD2 18 80 2 1.45 1.21 0.60
SO-RASPT2 KD1 70 30 0.1 0.66 0.97 3.57 601

KD2 9 89 2 0.87 0.83 1.61
[NpVIO2(TEDGA)2]2+ 6c(CCC)

SO-CASSCF KD1 76 22 2 1.17 1.13 0.13 364
KD2 45 53 2 1.15 1.24 2.37

SO-CASPT2 KD1 41 58 1 1.22 0.97 2.86 424
KD2 79 20 1 1.14 1.32 0.63

SO-RASSCF KD1 37 62 1 1.20 1.07 3.12 357
KD2 83 15 2 1.18 1.21 0.90

SO-RASPT2 KD1 33 67 0 0.98 0.72 3.62 637
KD2 85 13 2 0.87 0.84 1.58
[NpVIO2(TEDGA)2]2+ 6c(TTT)

SO-CASSCF KD1 74 25 1 1.19 1.15 0.06
KD2 47 51 1 1.19 1.29 2.16

SO-CASPT2 KD1 39 61 0 1.21 1.00 2.88 535
KD2 80 18 2 1.19 1.25 0.76

SO-RASSCF KD1 39 61 0 1.26 1.13 2.93 396
KD2 81 16 2 1.27 1.29 0.73

SO-RASPT2 KD1 28 71 1 1.03 0.78 3.56 744
KD2 89 9 2 0.97 0.99 1.48
[NpVIO2(TEDGA)2]2+ 5c(TTT)

SO-CASSCF KD1 83 15 2 1.00 0.96 0.62 485
KD2 39 59 2 1.00 1.06 2.97

SO-CASPT2 KD1 78 20 1 1.13 1.00 0.10 603
KD2 45 54 1 1.06 1.13 2.54

SO-RASSCF KD1 50 48 1 1.37 1.32 2.11 348
KD2 70 28 2 1.42 1.48 0.19

SO-RASPT2 KD1 59 40 1 1.35 1.09 1.81 484
KD2 63 24 1 1.43 1.69 0.67

[NpVIO2(TEDGA)(H2O)2]2+ 5c(T)
SO-CASSCF KD1 51 48 1 1.21 1.32 2.16 272

KD2 26 72 2 1.36 1.30 0.06
SO-CASPT2 KD1 34 66 0.83 1.03 3.33 487

KD2 12 86 2 0.84 1.05 1.40
SO-RASSCF KD1 26 74 0.62 0.75 3.90 499

KD2 4 93 2 0.76 0.74 1.70
SO-RASPT2 KD1 24 76 0.47 0.70 3.90 748

KD2 4 94 2 0.70 0.67 1.82
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Figure S13: Main principal axis of the g tensors (gz in Table S22) of KD1 (violet) and KD2
(green) in the [NpVIO2(TEDGA)2]2+ complex at SO-CASPT2 level of calculation. Color
code: dark gray-Np, blue- N, red- O, saddle-brown- C, white- H.

Table S23: Energy differences (in kJ.mol−1) between the conformers with different methods
for 5f 1 complexes.

6c(CCC) 6c(TTT) 5c(TTT)
SF-CASSCF 26 0 22
SF-CASPT2 0 3 21
SF-RASSCF 26 0 23
SF-RASPT2 0 2 21
SO-CASSCF 25 0 22
SO-CASPT2 0 3 24
SO-RASSCF 26 0 24
SO-RASPT2 0 2 26

B3LYP 12 0 8
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Table S24: Ab initio magnetic susceptibility tensor at 298 K in 10−8m3.mol−1 for the 5f 1

complexes. S denotes the spin contribution.

χx χy χz ∆χax ∆χrh χSx χSy χSz χSm ∆χSax

[NpVIO2(TEDGA)2]2+ 6c(TTT)
SO-CASSCF 0.80 0.73 2.91 2.15 -0.07 -0.19 -0.23 -0.60 -0.34 -0.39
SO-CASPT2 0.76 0.61 4.70 4.01 -0.15 -0.15 -0.23 -0.66 -0.35 -0.46
SO-RASSCF 0.88 0.79 4.99 4.15 -0.09 -0.20 -0.26 -0.72 -0.39 -0.49
SO-RASPT2 0.74 0.58 5.56 4.89 -0.16 -0.11 -0.20 -0.77 -0.36 -0.61

[NpVIO2(TEDGA)2]2+ 6c(CCC)
SO-CASSCF 0.80 0.73 2.97 2.20 -0.07 -0.19 -0.22 -0.63 -0.35 -0.42
SO-CASPT2 0.78 0.64 4.75 4.04 -0.14 -0.16 -0.22 -0.71 -0.36 -0.51
SO-RASSCF 0.88 0.80 5.16 4.32 -0.08 -0.20 -0.25 -0.75 -0.40 -0.52
SO-RASPT2 0.76 0.61 5.68 4.99 -0.15 -0.13 -0.20 -0.81 -0.38 -0.63

[NpVIO2(TEDGA)2]2+ 5c(TTT)
SO-CASSCF 0.71 0.69 2.36 1.65 -0.02 -0.19 -0.18 -0.59 -0.32 -0.40
SO-CASPT2 0.65 0.61 2.23 1.59 -0.04 -0.17 -0.19 -0.51 -0.29 -0.33
SO-RASSCF 0.88 0.86 4.39 3.52 -0.02 -0.23 -0.25 -0.67 -0.38 -0.43
SO-RASPT2 0.86 0.80 3.65 2.82 -0.06 -0.21 -0.24 -0.58 -0.34 -0.36

[NpVIO2(TEDGA)(H2O)2]2+ 5c(T)
SO-CASSCF 0.82 0.75 4.49 3.70 -0.07 -0.20 -0.23 -0.74 -0.39 -0.51
SO-CASPT2 0.71 0.60 5.29 4.63 -0.11 -0.14 -0.21 -0.76 -0.37 -0.59
SO-RASSCF 0.73 0.67 6.17 5.46 -0.06 -0.16 -0.20 -0.85 -0.41 -0.67
SO-RASPT2 0.61 0.52 6.21 5.64 -0.09 -0.10 -0.16 -0.88 -0.38 -0.75
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Table S25: Magnetic parameters for the 2 KDs model of Section S3.2 deduced from ab initio
calculations for the 5f 1 complexes. ∆ in cm−1, ∆M2

12 in µ2
B.

method ∆g2
1 ∆g2

2 ∆M2
12 ∆g2

rh1 ∆g2
rh2 ∆M2

rh12 ∆ ∆M2
12/∆ ∆M2

rh12/∆

[NpVIO2(TEDGA)2]2+ 6c(TTT)
SO-CASSCF -1.37 3.12 4.22 -0.09 0.24 -0.05 403 0.010 0.00003
SO-CASPT2 7.06 -0.92 2.77 0.13 0.13 0.08 536 0.005 0.00001
SO-RASSCF 7.18 -1.11 2.88 -0.30 0.05 0.05 397 0.007 0.00002
SO-RASPT2 11.83 1.24 0.75 -0.46 0.04 0.09 744 0.001 0.00000

[NpVIO2(TEDGA)2]2+ 6c(CCC)
SO-CASSCF -1.32 4.21 3.94 -0.11 0.21 -0.04 365 0.011 0.00003
SO-CASPT2 7.01 -1.14 2.82 -0.54 0.44 0.05 425 0.007 0.00002
SO-RASSCF 8.44 -0.63 2.44 -0.31 0.06 0.05 358 0.007 0.00002
SO-RASPT2 12.41 1.78 0.60 -0.45 -0.05 0.05 638 0.001 0.00000

[NpVIO2(TEDGA)2]2+ 5c(TTT)
SO-CASSCF -0.58 7.78 3.02 -0.08 0.13 -0.01 486 0.006 0.00001
SO-CASPT2 -1.14 5.25 3.81 0.15 0.15 -0.01 603 0.006 0.00001
SO-RASSCF 2.67 -2.09 4.43 -0.13 0.17 0.01 349 0.013 0.00004
SO-RASPT2 1.78 -2.01 4.66 -0.63 0.83 0.00 484 0.010 0.00002

[NpVIO2(TEDGA)(H2O)2]2+ 5c(T)
SO-CASSCF 3.06 -1.79 4.27 0.27 -0.17 -0.02 273 0.016 0.00006
SO-CASPT2 10.22 1.08 1.72 0.40 0.40 -0.05 488 0.004 0.00001
SO-RASSCF 14.76 2.32 0.08 0.19 -0.03 -0.03 500 0.000 0.00000
SO-RASPT2 14.91 2.86 -0.32 0.28 -0.05 -0.06 749 0.000 0.00000
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S4.2 5f 2 configuration

Table S26: Energy levels (in cm−1) from the SF and SO calculations for 5f 2 free [PuVIO2]2+

cation and for the two TEDGA complexes .

[PuVIO2]2+ [PuVIO2(TEDGA)2]2+ [PuVIO2(TEDGA)(H2O)2]2+

CASSCF CASPT2 CASSCF CASPT2 CASSCF CASPT2

SF SO SF SO SF SO SF SO SF SO SF SO

triplet triplet triplet triplet triplet triplet
0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 18 1 342 7 12 2 90 43

3635 4489 3053 3138 1963 3551 2413 2935 1890 3540 1256 2705
6651 6977 4592 4857 6307 5681 5489 3775 6087 5827 4559 3816
6651 6978 4653 4899 6544 5811 5571 4173 6208 5859 4794 3832
20080 7542 15395 7585 18959 7998 16506 8130 18901 7846 16246 7949
23250 7542 26649 7585 19120 8031 24913 8153 19130 7874 23411 8021
singlet 13183 singlet 11173 singlet 12499 singlet 10432 singlet 12671 singlet 10157
10169 13271 6671 11709 9225 12749 6286 10441 9144 12706 6170 10691
12137 13271 7312 11716 9564 12818 7235 11439 9530 12793 6196 10966
12137 13780 7344 11773 9573 13431 7293 11524 9562 13743 6819 10998
12895 13781 9875 13315 11882 14862 7698 13383 11862 14523 7108 13143
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Table S27: Ab initio magnetic susceptibility tensor at 298 K in 10−8m3.mol−1 for the 5f 2

complexes. S denotes the spin contribution.

χx χy χz ∆χax χSx χSy χSz χSm ∆χSax

[PuVIO2(TEDGA)2]2+ 6c(TTT)
SO-CASSCF 0.17 0.17 14.01 13.84 0.07 0.07 -4.34 -1.40 -4.40
SO-CASPT2 0.18 0.18 13.52 13.35 0.07 0.07 -4.29 -1.38 -4.36

[PuVIO2(TEDGA)2]2+ 6c(CCC)
SO-CASSCF 0.17 0.17 14.00 13.83 0.07 0.07 -4.33 -1.40 -4.40
SO-CASPT2 0.17 0.17 13.52 13.35 0.07 0.07 -4.29 -1.38 -4.36

[PuVIO2(TEDGA)2]2+ 5c(TTT)
SO-CASSCF 0.17 0.17 14.01 13.85 0.07 0.07 -4.33 -1.40 -4.40
SO-CASPT2 0.17 0.17 13.83 13.66 0.07 0.07 -4.30 -1.39 -4.38

[PuVIO2(TEDGA)(H2O)2]2+ 5c(T)
SO-CASSCF 0.17 0.17 14.00 13.808 - - -4.33 - -4.33
SO-CASPT2 0.17 0.17 13.70 13.513 - - -4.24 - -4.24

[NpVO2(TEDGA)2]+ 6c(TTT)
SO-CASSCF 0.20 0.20 14.39 14.20 0.07 0.07 -4.37 -1.41 -4.44
SO-CASPT2 0.20 0.20 14.13 13.94 0.08 0.08 -4.35 -1.40 -4.42

[NpVO2(TEDGA)2]+ 5c(TTT)
SO-CASSCF 0.20 0.20 14.44 14.24 0.07 0.07 -4.39 -1.41 -4.46
SO-CASPT2 0.20 0.20 14.38 14.18 0.078 0.08 -4.37 -1.401 -4.45

In this section, we attempt to analyze the RASSCF NKD wave functions of the free [PuVIO2]2+

cation and [PuVIO2(TEDGA)2]2+ complex to determine the extent to which the wave func-

tions and magnetic properties are affected by the two equatorial TEDGA ligands. The three

active sets of orbitals comprise the metallic 5fδ, 5fφ and the antibonding 5fπ∗ orbitals along

with the bonding and anti-bonding orbitals of the [PuVIO2]2+ moieties. The compositions

of the ground SO NKD states {|1〉 , |2〉} of the [PuVIO2]2+ cation and [PuVIO2(TEDGA)2]2+

complex are analyzed in Table S28. The SF wavefunctions are assigned to the irreps of the

linear [PuVIO2]2+ moieties. Decomposition of the SO NKD states of the free [PuVIO2]2+

cation highlights significant admixing (almost 5% ) of the energetically excited 1G SF states

with the dominant 3H states due to high SOC of the plutonyl center. And as pointed out

before, in the ligand field of two TEDGA the weights remain very little perturbed.8
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The most dominant configurations of the multiconfigurational SF 3H or 1G states are

listed in Table S28. The equatorial ligand field causes the energy degeneracy of the 5fφ and

5fδ orbitals to lift off, leading to the more stable 5fδ orbitals over the 5fφ orbitals those are

undergoing antibonding interaction with the oxygen p orbitals as shown in Figure S14. Thus,

the ground 3H states of the [PuVIO2(TEDGA)2]2+ complex exhibit more dramatic variations

in the most dominant configurations and their weights than the free [PuVIO2]2+ cation. No-

tably, the ground wavefunctions are more strongly weighted on configurations where the

unpaired electron occupies relatively more stable 5fφ− orbital avoiding the strong antibond-

ing σ type interaction of the 5fφ+ orbital with the ligands. Consequently the Mulliken spin

population and the natural occupation analyses in the active 5f orbitals reflect the symmetry

breaking of the two 5fφ orbitals where the ground triplet state of the 3H can be denoted as

5f
(0.66)
δ+ 5f

(0.66)
φ− 5f

(0.34)
δ− 5f

(0.34)
φ+ and the first excited triplet state as 5f

(0.66)
δ− 5f

(0.66)
φ− 5f

(0.34)
δ+ 5f

(0.34)
φ+

where inside (), occupation numbers are given.

This detailed analysis of the NKD states in the plutonyl complexes shows the dramatic

impacts of the ligand field on the nature of the ground SF states which might in turn

affect the magnetic properties, but are nonetheless only mildly disrupted in comparison to

their 5f 1 counterpart. The g‖ of the NKD of the free [PuVIO2]2+ cation from SO-RASSCF

calculation is close to 6.09 whereas in the [PuVIO2(TEDGA)2]2+ it is 5.92 (reduced by 2.8%)

and previously we reported 5.89 (reduced by 3.3%) for [PuVIO2(DPA)2]2– .2 The g‖ obtained

from the fitting of the temperature dependent pNMR shifts for both the complexes is close to

4.8 to 5.0 ( 20% reduction), hence ab initio calculations overestimate. Unless this decrease,

the magnetic moment of the central [PuVIO2]2+ cation is appreciably stable in a ligand field

which satisfies the criteria for being a good probe in the structural analyses in solution.
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Table S28: Percentage contributions of the SF states to the ground NKD {|1〉 , |2〉} in the free
[PuVIO2]2+ cation and the [PuVIO2(TEDGA)2]2+ complex from SO-RASSCF calculations.
The dominant configurations in the multiconfigurational SF states are provided.

SF states Configurations |1〉 |2〉
[PuVIO2]2+

3H 43% 5f↑φ+5f↑δ+; 43% 5f↑φ−5f↑δ− 47.6% 47.6%
3H 43% 5f↑φ−5f↑δ+; 43% 5f↑φ+5f↑δ− 47.6% 47.6%
1G 39%f↑↓δ+; 38% f↑↓δ− 0.0% 3.7%

5% f↑φ−f
↓
π− ; 5% f↑φ+f

↓
π+

1G 76% f↑δ+f
↓
δ−; 5% f↑φ+f

↓
π− 3.7% 0.0%

5% f↑φ−f
↓
π+

[PuVIO2(TEDGA)2]2+

3H 30% 5f↑δ−5f↑φ+ ; 57% 5f↑δ+5f↑φ− 46.3% 46.2%
3H 56% 5f↑δ−5f↑φ−; 31% 5f↑δ+5f↑φ+ 46.2% 46.3%

1G
35%f↑↓δ−; 40% f↑↓δ+ 4.9% 0.3%

5% f↑φ−f
↓
π− ; 4% f↑φ+f

↓
π+

1G
75% f↑δ−f

↓
δ+; 6% f↑φ−f

↓
π+ 0.3% 5.0%

4% f↑φ+f
↓
π−

Figure S14: RASSCF active natural orbitals and their occupation numbers for the ground
triplet state of the [PuVIO2(TEDGA2]2+ complex. The isovalue is 0.14 e−/bohr3.
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Table S29: The only non-zero g-factor g‖ of the ground NKD in the 5f 2 complexes.

SO-CASSCF SO-CASPT2

[PuVIO2]2+ 6.10 6.11

[PuVIO2(DPA)2]2– 5.89 5.73

[PuVIO2(TEDGA)2]2+ 5.93 5.79

[PuVIO2(TEDGA)(H2O)2]2+ 5.95 5.89

[NpVO2(TEDGA)2]+ 5.93 5.79
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Figure S15: ∆χax (magenta) and ∆χrh (red) vs 1/T (K−1) from SO-CASPT2 (solid lines)
and from the fit of experimental AIS (points) for the [NpVIO2(TEDGA)2]2+ (left) and
[PuVIO2(TEDGA)2]2+ (right) complexes in 6c(TTT) conformation.
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