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Table S1. Selected computed® and experimental® An-O and An-N bond distances (A) of
An"Y(DOTA) complexes. The averaged values are presented in Figure 2 of the paper.

Complex An-Oi An-Nj An-Ow An-Oav An-Nay
Th(DOTA) 2.284 2.735 2.284 2.735
U(DOTA) 2.237 2.682 2.237 2.682
Np(DOTA) 2.227 2.664 2227 2.664
Pu(DOTA) 2.216 2.672 2.216 2.672

Th(DOTA(H20) 23139 27580  2.490 2311 2.759
23074  2.7596

Th(DOTA(DMSO)® 2.36 2.75

U(DOTA)(H20) 22576 27106  2.499 2.258 2.710
22575 2.7097

U(DOTA(DMSO)® 2.30 2.72

Np(DOTA)(H20) 22478 26957 2470 2.248 2.694
22489  2.6926

Pu(DOTA)(H20) 22342 26952 2497 2.237 2.696
22389  2.6972

From TPSSh-GD3BJ/ECP60MWB+TZ+6-311+G** calculations. For the molecular
structure see Figure 1 of the paper.

*From X-ray diffraction analysis of An'Y(DOTA)(DMSO) complexes (Inorg. Chem. 2019,
58, 8253-8256).
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Table S2. Selected computed® geometrical characteristics® of the An(DOTA) and An(DOTA)(H20) complexes.”

Complex 0-An-O N-An-N OO NN dan-oo  danoo® dannNn dannN©
Th(DOTA) 150.7 102.1 4418 4254  0.578 1.720
U(DOTA) 148.1 103.5 4303 4214  0.614 1.660
Np(DOTA) 147.1 104.0 4272 4198  0.631 1.640
Pu(DOTA) 148.6 103.0 4266  4.181 0.600 1.664
Th(DOTA(H20) 150.4 1012 4462 4265  0.589  0.538 1.751 1.752
155.7 101.1 4525 4260  0.486 1.752
Th(DOTA(DMSO)! 0.555(8) 1.75(1)
U(DOTA)(H20) 149.4 1022 4355 4217 0595  0.556 1.702 1.702
153.5 1022 4395 4218  0.517 1.703
U(DOTA(DMSO)¢ 0.565(7) 1.72(1)
Np(DOTA)(H20) 148.6 102.5 4328 4199  0.609  0.568 1.685 1.687
152.9 1024 4372 4202  0.528 1.689
Pu(DOTA)(H20) 150.0 101.9 4316  4.189  0.578  0.546 1.699 1.699
153.5 101.8 4358  4.184  0.514 1.699

From TPSSh-GD3BJ/ECP60MWB+TZ+6-311+G** calculations. For the molecular structure see Figure 1 of the paper.

®Bond angles O-An-O and N-An-N according to the C2 axis are given in deg., related OO and NN distances as well as the distance of An
from the plane of the OO and NN shells (dan-0o, dan-NN) are given in A.

“Average of the different dan-oo and dan-~n values in the An(DOTA)(H20) complexes (due to the symmetry decreased from Cs to C2). For the
latter complexes these averaged values are presented in Figure 3 of the paper.

dFrom X-ray diffraction analysis of An"Y(DOTA)(DMSO) complexes (Inorg. Chem. 2019, 58, 8253-8256).
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Table S3a. Integral properties of the electron density distribution (e) in the An(DOTA) and An(DOTA)(H20) complexes.?

Complex JAn Llan CTi CT2 DI
An-O An-N An-Oxy  An-Nav  An-Ow
Th(DOTA) 2.75 25.556 1.25 0.53 0.23 0.53 0.23
U(DOTA) 2.55 27.540 1.45 0.60 0.26 0.60 0.26
Np(DOTA) 2.47 28.555 1.53 0.61 0.27 0.61 0.27
Pu(DOTA) 2.39 29.603  1.61 0.63 0.27 0.63 0.27
Th(DOTA)(H20)  2.79 25.521 1.15 0.06 0.49 0.22 0.26
0.48 0.22 0.48 0.22
U(DOTA)(H:20) 2.58 27.508 1.36 0.06 0.55 0.24 0.26
0.56 0.24 0.56 0.24
Np(DOTAYH:0) 2.50 28527 143 007 057 025 0.27
0.57 0.25 0.57 0.25
Pu(DOTA)(H20) 2.42 29.573  1.52 0.06 0.58 0.25 0.24

0.59 0.25 0.59 0.25

%From TPSSh-GD3BJ/ECP60MWB+TZ+6-311+G** calculations. An charge (qan); localisation index on An (LIan); charge transfer to An from
DOTA (CT1) and H20 (CT?2); delocalisation indices (DI).
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Table S3b. Selected results (au) from the DFT-based QTAIM analysis of An(DOTA) and An(DOTA)(H20) complexes.?

An p(r) V(1) H(r) €
An-O An-N  An-O An-N An-O An-N An-O An-N
Th(DOTA) 0.086 0.041 0277 0.105 -0.016 -0.003 0.08 0.02
U(DOTA) 0.092 0.043 0.317 0.118 -0.017 -0.003 0.07 0.09
Np(DOTA) 0.093 0.043 0.338 0.126 -0.017 -0.003 0.04 0.09
Pu(DOTA) 0.094 0.042 0.353 0.121 -0.016 -0.003 0.02 0.06

Th(DOTA)(H20) 0.081 0.039 0.267 0.101 -0.014 -0.002 0.08 0.02
0.080 0.039 0.263 0.101 -0.013 -0.002 0.08 0.03
data for Omo:  0.051 0.199 0.0 0.16
U(DOTA)(H20)  0.087 0.041 0.305 0.112 -0.015 -0.003 0.09 0.07
0.087 0.041 0303 0.112 -0.015 -0.003 0.09 0.06
data for Om2o: ~ 0.047 0.198 0.0 0.12
Np(DOTA)(H20) 0.088 0.041 0324 0.118 -0.014 -0.003 0.01 0.09
0.088 0.041 0322 0.118 -0.014 -0.003 0.05 0.12
data for Omo:  0.049 0.205 0.0 0.06
Pu(DOTA)(H20) 0.090 0.039 0.338 0.115 -0.014 -0.002 0.02 0.04
0.088 0.040 0332 0.116 -0.014 -0.002 0.03 0.05
data for Om2o:  0.047 0.193 0.0 0.12
*From TPSSh-GD3BJ/ECP60MWB+TZ+6-311+G** calculations. Electron density (p(r)), Laplacian of this electron density (V?p(r)), total
electronic energy density (H(r)) and ellipticity of electron density distribution at the An-O and An-N bond critical points.
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Table S4. Comparison of selected computed An-O and An-N bond distances (A) of An'Y and
An"'(DOTA) complexes.®

State  Complex SCPP LCPP
An-Oav An-Nav  An-Ow  An-Oay  An-Nav  An-Ow
An'"Y  Th(DOTA) 2284  2.735 2295  2.748
SAP  U(DOTA) 2237  2.682 2299  2.693
Np(DOTA) 2227  2.664 2287  2.673
Pu(DOTA) 2216 2.672 2275  2.656

Th(DOTA)(H:0) 2311 2759 2490 2318 2776  2.553
U(DOTA)(H:0) 2258 2710 2499 2325 2722 2.500
Np(DOTA)H:20) 2248  2.694 2470 2314 2704  2.478
Pu(DOTA)H:0) 2237  2.696 2497 2303 2.689  2.460

Anl  UDOTAY 2459 2825

TSAP Np(DOTA) 2441  2.805
Pu(DOTA) 2424 2788
U(DOTA)(H:20) 2486 2855 2.604
Np(DOTA)(H20Y 2469 2838  2.578
Pu(DOTA)(H20) 2453 2822 2.555

*From TPSSh-GD3BJ/ECP60MWB+TZ+6-311+G** (SCPP) and TPSSh-
GD3BJ/ECP8XxMWB+TZ+6-311+G** (LCPP) calculations. Data of the An'"! complexes
from Ref. ACS Omega, 2021, 6,13321-13330. For the molecular structure see Figure 1 of the

paper.
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Figure S1. Selected molecular orbitals of Th(DOTA) with significant metal-ligand bonding. a)
60— with major 6d+2; b) mo—Tth with major 5fi3; ¢,d) mixed O/N—Th with major 6d.>.
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0.98638208
1.89479620
-0.98638208
-1.89479620
3.49583136
-2.57287855
-3.49583136
2.57287855
2.12454912
2.43440163
-2.12454912
-2.43440163
2.64888474
1.67055747
-0.36455264
-1.42571155
-2.64888474
-1.67055747
0.36455264
1.42571155
2.87565420
1.55423539
-2.87565420
-1.55423539
3.43290759
3.57684517
2.15667481
0.82522964
-3.57684517
-3.43290759
-0.82522964
-2.15667481
3.32041896
3.27129083
2.23088987
1.02619114
-0.04135731
-0.77644183
-2.25420853
-1.01045274
-3.27129083
-3.32041896
-1.02619114
-2.23088987
0.77644183
0.04135731
1.01045274
2.25420853

0.61805206
-1.02178194
-1.02178194
-1.02178194
-1.02178194
1.24854906
1.24854906
1.24854906
1.24854906
1.24096006
1.24096006
1.24096006
1.24096006
0.85923406
0.85923406
0.85923406
0.85923406
-1.62347094
-2.10419494
-1.62347094
-2.10419494
-1.62347094
-2.10419494
-1.62347094
-2.10419494
-0.14301694
-0.14301694
-0.14301694
-0.14301694
0.45042706
-0.73099894
-0.73099894
0.45042706
-0.73099894
0.45042706
0.45042706
-0.73099894
-0.87125294
-2.47001694
-2.56011894
-2.88334294
-2.47001694
-0.87125294
-2.56011894
-2.88334294
-2.47001694
-0.87125294
-2.88334294
-2.56011894
-0.87125294
-2.47001694
-2.88334294
-2.56011894

S10

Np(DOTA)(H;0)
Np 0.00000000

IO I ITCTIITIOIITI T LI T T IOTIIT I DT T OO0 00000000ZZZ7Z

0.21356800
2.08815100
-0.21356800
-2.08815100
-1.21515100
1.79726500
1.21515100
-1.79726500
3.96110700
1.79792800
-3.96110700
-1.79792800
-1.11726800
3.04907500
1.11726800
-3.04907500
1.56554100
2.02595800
2.16439900
0.80310700
-1.56554100
-2.02595800
-2.16439900
-0.80310700
0.00000000
3.28101400
0.00000000
-3.28101400
0.91433600
-0.20359700
4.17732600
3.43206200
0.20359700
-0.91433600
-3.43206200
-4.17732600
2.25567400
1.57048800
3.01220400
1.33933900
2.87117700
2.55508200
0.90298200
0.43638800
-1.57048800
-2.25567400
-1.33933900
-3.01220400
-2.55508200
-2.87117700
-0.43638800
-0.90298200
0.00000000
0.44937600
-0.44937600

0.00000000
2.08882700
-0.23181100
-2.08882700
0.23181100
1.79036200
1.24455600
-1.79036200
-1.24455600
1.87009500
-3.96516700
-1.87009500
3.96516700
3.04294400
1.15587800
-3.04294400
-1.15587800
2.14945700
0.77898800
-1.58884000
-2.06136500
-2.14945700
-0.77898800
1.58884000
2.06136500
3.26977100
0.00406800
-3.26977100
-0.00406800
3.41403800
4.17341500
0.18819200
-0.89232900
-4.17341500
-3.41403800
0.89232900
-0.18819200
2.55134400
2.84148000
0.87671500
0.40551400
-1.60536000
-2.26496200
-3.06105900
-1.39740300
-2.84148000
-2.55134400
-0.40551400
-0.87671500
2.26496200
1.60536000
1.39740300
3.06105900
0.00000000
-0.65062500
0.65062500

0.55281300
-1.13274600
-1.13621900
-1.13274600
-1.13621900
1.16143900
1.08059300
1.16143900
1.08059300
1.07115500
1.17635600
1.07115500
1.17635600
0.77064600
0.69900100
0.77064600
0.69900100
-1.74491700
-2.22135500
-1.73068500
-2.21260200
-1.74491700
-2.22135500
-1.73068500
-2.21260200
-0.25299600
-0.28108100
-0.25299600
-0.28108100
0.32769200
-0.83859100
-0.88449300
0.32560700
-0.83859100
0.32769200
0.32560700
-0.88449300
-1.00504200
-2.59954100
-2.69806100
-2.98535300
-2.57316600
-0.97085500
-2.65937800
-2.99941900
-2.59954100
-1.00504200
-2.98535300
-2.69806100
-0.97085500
-2.57316600
-2.99941900
-2.65937800
3.02261000
3.57467900
3.57467900



Pu(DOTA)
-0.00000000
0.49638031
-2.03094232
-0.49638031
2.03094232
1.72979435
-1.24797028
-1.72979435
1.24797028
-3.06534544
-3.06029763
3.06534544
3.06029763
2.08831105
-2.45812860
-2.08831105
2.45812860
-0.75304280
-1.65391328
-2.56101724
-1.43653056
0.75304280
1.65391328
2.56101724
1.43653056
1.10903313
-3.06646184
-1.10903313
3.06646184
0.30653919
1.60229064
-3.84802537
-3.51248195
-1.60229064
-0.30653919
3.51248195
3.84802537
-1.26114468
-0.52372182
-2.55765431
-1.14561950
-3.22669157
-3.16273770
-1.86518409
-0.86172958
H 0.52372182
H 1.26114468
H 1.14561950
H 2.55765431
H 3.16273770
H 3.22669157
H 0.86172958
H 1.86518409

I I I I C I I I I I IONQNNNNNNONNNANNNNN00000000Z22227

0.00000000
-2.03094232
-0.49638031

2.03094232

0.49638031
-1.24797028
-1.72979435

1.24797028

1.72979435
-3.06029763

3.06534544

3.06029763
-3.06534544
-2.45812860

-2.08831105

2.45812860

2.08831105

-2.56101724

-1.43653056

0.75304280

1.65391328

2.56101724

1.43653056
-0.75304280
-1.65391328
-3.06646184

-1.10903313

3.06646184

1.10903313
-3.51248195
-3.84802537
-1.60229064
-0.30653919

3.84802537

3.51248195

0.30653919

1.60229064
-3.16273770
-3.22669157
-1.86518409
-0.86172958

0.52372182

1.26114468

2.55765431

1.14561950

3.22669157
3.16273770
0.86172958

1.86518409
-1.26114468
-0.52372182
-1.14561950
-2.55765431

0.63215592
-1.03217608
-1.03217608
-1.03217608
-1.03217608

1.23184292

1.23184292

1.23184292

1.23184292

1.24820792

1.24820792

1.24820792

1.24820792

0.84960592

0.84960592

0.84960592

0.84960592

-1.63343108

-2.11594008
-1.63343108
-2.11594008
-1.63343108
-2.11594008
-1.63343108
-2.11594008
-0.15563108

-0.15563108
-0.15563108
-0.15563108

0.43699992
-0.74424008
-0.74424008

0.43699992
-0.74424008

0.43699992
0.43699992
-0.74424008
-0.88096508
-2.47784708
-2.57230008
-2.89391108
-2.47784708
-0.88096508
-2.57230008
-2.89391108
-2.47784708
-0.88096508
-2.89391108
-2.57230008
-0.88096508
-2.47784708
-2.89391108
-2.57230008

S11

Pu(DOTA)(H;0)
0.00000000 0.00000000 0.55804800

IO NI NI NI T S LI TSI OI O T ZIOOQQ00N0AN00NAN0N0000000022227

0.21656200
2.07948400
-0.21656200
-2.07948400
-1.21469100
1.78366800
1.21469100
-1.78366800
3.95028300
1.78882800
-3.95028300
-1.78882800
-1.11427800
3.03761400
1.11427800
-3.03761400
1.56757300
2.02671300
2.15805700
0.79760100
-1.56757300
-2.02671300
-2.15805700
-0.79760100
0.00000000
3.26967300
0.00000000
-3.26967300
0.91314100
-0.20605900
4.16805600
3.41901600
0.20605900
-0.91314100
-3.41901600
-4.16805600
2.25705600
1.57176700
3.01592200
1.34264300
2.86659800
2.54773200
0.89519000
0.43179600
-1.57176700
-2.25705600
-1.34264300
-3.01592200
-2.54773200
-2.86659800
-0.43179600
-0.89519000
0.00000000
0.43907600
-0.43907600

2.08321100
-0.22879500
-2.08321100

0.22879500

1.78389600

1.25179000
-1.78389600
-1.25179000

1.85929700
-3.95915100
-1.85929700

3.95915100

3.03959900
1.15358500
-3.03959900
-1.15358500
2.14842500
0.77933800

-1.58423500
-2.05214400

-2.14842500

-0.77933800

1.58423500
2.05214400
3.26696600
0.00468000

-3.26696600

-0.00468000

3.41695600

4.16801100

0.18945600
-0.89249400
-4.16801100
-3.41695600

0.89249400
-0.18945600
2.55011700
2.84199600

0.87335900

0.40735600
-1.59798400
-2.26273700
-3.04979800
-1.38285100
-2.84199600
-2.55011700
-0.40735600
-0.87335900

2.26273700

1.59798400

1.38285100

3.04979800

0.00000000
-0.65423900

0.65423900

-1.14138500
-1.14113000
-1.14138500
-1.14113000
1.13595800
1.07214800
1.13595800
1.07214800
1.08607500
1.17717200
1.08607500
1.17717200
0.75593200
0.69950700
0.75593200
0.69950700
-1.75226200
-2.22776200
-1.73720000
-2.22201900
-1.75226200
-2.22776200
-1.73720000
-2.22201900
-0.26791300
-0.28228100
-0.26791300
-0.28228100
0.31312400
-0.85683500
-0.88247700
0.32352200
-0.85683500
0.31312400
0.32352200
-0.88247700
-1.01163800
-2.60577900
-2.69930300
-2.99428900
-2.57831400
-0.97916100
-2.67428400
-3.00432200
-2.60577900
-1.01163800
-2.99428900
-2.69930300
-0.97916100
-2.57831400
-3.00432200
-2.67428400
3.05524600
3.61128600
3.61128600



