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Table S1. Calculated energies from the optimized structures of complex

Complex Functional/ | Electronic | Zero-point Thermal Total AG*solv AG*solv
Basis Sets? Energy Energy Free Energy Entropy (COSMO) (SMD)
(Hartree) (Hartree) Correction (cal/mol/K) | (kcal/mol) | (kcal/mol)
(kcal/mol)
[Ac(H20)9]3+ MO06-HF/ -1050.824 -1050.594 -1050.650 175.375 -1885.643 -1885.693
6-311G(d)
B3LYP/ - - - - -
6-311G(d)
[Ac(DOTA)(H:20)] MO06-HF/ -1885.515 -1885.053 -1885.109 183.086 -1885.643 -1885.693
6-311G(d)
B3LYP/ - - - - -
6-311G(d)
[Ac(3p-C-DEPA)]> MO06-HF/ -2723.788 -2723.070 -2723.147 254.254 -2724.068 -2724.104
6-311G(d)
B3LYP/ - - - - -
6-311G(d)
[Bi(H20)9]3* MO06-HF/ -691.871 -691.640 -691.694 168.023 -692.412 -692.486
6-311G(d)
B3LYP/ -692.094 -691.869 -691.926 178.930 -692.685 -692.705
6-311G(d)
[Bi(DOTA)(H20)]- MO06-HF/ -1526.597 -1526.134 -1526.192 182.735 -1526.726 -1526.732
6-311G(d)
B3LYP/ -1526.929 -1526.480 -1526.539 189.387 -1527.015 -1527.051
6-311G(d)
[Bi(3p-C-DEPA)]> MO06-HF/ -2364.860 -2364.144 -2364.221 254.532 -2365.136 -2365.135
6-311G(d)
B3LYP/ -2365.409 -2364.711 -2364.788 260.718 -2365.624 -2365.658
6-311G(d)
[Lu(H20)9]3+ MO06-HF/ -691.871 -691.640 -691.694 178.930 -725.209 -725.822
6-311G(d)
B3LYP/ -725.209 -725.328 -725.378 158.875 -726.126 -726.189
6-311G(d)
[Lu(DOTA)(H:0)]- MO06-HF/ -1559.923 -1559.459 -1559.514 176.523 -1560.060 -1560.068
6-311G(d)
B3LYP/ -1560.377 -1559.926 -1559.983 183.437 -1560.482 -1560.512
6-311G(d)
[Lu(3p-C-DEPA)]> MO06-HF/ -2398.161 -2397.442 -2397.518 251.566 -2398.447 -2398.450
6-311G(d)
B3LYP/ -2398.831 -2398.133 -2398.212 262.653 -2399.090 -2399.096
6-311G(d)
26-311G(d)basis set was used for all atoms except Ac, Bi, and Lu.
“Table S2. Compiled AG®,, AG,q, and log K, calculated in this work
Equilibrium Functional/ AG®, AG,q (COSMO) AG,q (SMD) log K, log K, log K,
Basis Sets® (kcal/mol) (kcal/mol) (kcal/mol) (SMD) (COSMO)
[Ac(H,0)]*" + [DOTAJ* MO6-HF/ -1126.46 -38.44 -31.04 815.83 22.75 28.17
= [Ac(DOTA)(H,O)] 6-311G(d)
B3LYP/ - - - - - -
6-311G(d)
[Ac(H,0)o]*" + [3p-C-DEPA]™ MO06-HF/ -882.54 -93.56 -82.91 637.07 60.76 68.57
2 [Ac(3p-C-DEPAJ* 6-311G(d)
B3LYP/ - - - - - -
6-311G(d)
[Bi(H,0)]*" + [DOTA]* MO06-HF/ -1150.60 -74.86 -64.06 833.52 46.95 54.86
= [Bi(DOTA)(HO)I 6-311G(d)
B3LYP/ -847.57 -94.88 -71.71 611.44 52.55 69.54
6-311G(d)
[Bi(H,0)o]*" + [3p-C-DEPA]> MO06-HF/ -901.42 -65.03 -80.37 650.910 | 40.51 47.66
2 [Bi(3p-C-DEPAJ* 6-311G(d)
B3LYP/ -1258.34 -80.24 -61.42 912.486 | 45.01 58.81




6-311G(d)
[Lu(tLO%]" + [DOTAT" MO6-HF/ 87624 81.97 6223 83072 | 41.38 46.13
= [Lu(DOTA)(H0)] 6-311G(d)
B3LYP/ 888,91 9276 7444 607.82 | 45.44 56.04
6-311G(d)
[Lu(H:0)]" + [3p-C-DEPA]™ | MOG-HF/ ~882.03 -65.03 39.96 636.69 | 20.93 20.44
= [Lu(3p-C-DEPA)J* 6-311G(d)
B3LYP/ -785.70 -54.41 -43.91 485.44 24.72 29.79
6-311G(d)
@
il .
.« « M. %.-
Gas | 2 @ \ P e
O <G, . oo “y e °
RN oo ey |
TTENE NI g
6 L™ ™ L " - L ™ =Y f
%U * @ @ > > @ ® °
. < S—g
W% e o8- e & ¢ ’
He 0 L ku é_“ \ “@ e @ 6"
“ @ woommor % [Ac3p-CDEPREY  ©

Figure S1. DFT-optimized structure and cartesian coordinate of [Ac(DOTA)(H20)], and [Ac(3p-C-DEPA]?* complex.

Cartesian coordinates of the most important optimized structures (Angstroms).

Cartesian coordinate of [Ac(DOTA)(H20)] complex
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Cartesian coordinate of [Ac(3p-C-DEPA)]?> complex
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0.33342
1.05401
-0.87891
2.20492
1.20457
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H 443127 136763 1.89988
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Figure S2. DFT-optimized structure and cartesian coordinate of [Bi(DOTA)(H20)],, and [Bi(3p-C-DEPA]* complex.
Cartesian coordinate of [Bi(DOTA)(H20)]" complex

Atom X Y Z

(6] -1.95557 1.48216 -1.37571
(6] 1.57145 1.80982 -1.42933
(6] -1.84193 -1.83925 -0.73787
(6] 1.35152 -1.97195 -1.251
O -4.14113 1.96405 -1.36698
(6] 2.53059 3.77595 -0.96917
(6] -3.16521 -3.15769 0.48567
(6] 3.42563 -3.09277 -0.77942
N -2.0572 0.59615 1.1513
N 0.55363 2.07843 1.20971
N -0.08172 -1.76752 1.24825
N 2.40216 -0.18642 0.76689
C -2.07277 -0.4052 2.23105
C 1.86331 1.99753 1.88173
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-2.08763
0.04243
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2.99978
1.58395
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1.64981
-1.50278
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-2.89398
-1.68208
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2.64649
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Cartesian coordinate of [Bi(3p-C-DEPA)]* complex

Atom

T T 00zZ2z222000000

X

1.79868
-3.08623
-5.20953
0.64525
-2.04833
-3.37625
-1.47895
-1.40406
-4.09683
-3.76033
-2.80727
-2.59166
-3.97247
-3.24593
-1.36074
-4.98446
-0.83972
-5.22656
-0.58519
-0.22514
-4.32461
-4.12273
0.75433
-3.0407
-4.26708
-2.87407
-2.93926

Y

3.24656
4.03309
-2.22282
1.44678
2.05968
-1.02394
2.38458
-0.49184
1.25769
-1.59093
2.98984
-1.2446
2.00002
-2.21717
0.79827
-0.80793
2.04037
0.32917
3.33913
-1.36153
2.1362
-2.56641
2.64445
2.82924
-1.88949
3.53128
3.72321

2.55268
1.1446
2.1959
1.95228
1.64673
1.81646
0.35988
0.21354
1.10184
-0.22914
-0.91826
-0.83503
0.22148
-0.80451
3.1567
1.95726
2.01119
2.87645
1.80831
0.24514
2.1744
2.80682
2.77724
1.06121
3.21971
2.83435
0.82319
2.43808
3.07151
2.53305
0.93457
0.03782
-0.31183
0.7009
0.49588
1.9968
-1.05108
0.20628
-0.78182
-2.98631
-2.73026
-2.63167

V4

0.30833
-1.9986
-2.4701
-0.31077
-1.89276
-2.03287
1.04895
2.32263
-0.10979
0.66997
1.19617
2.81978
1.14371
1.86013
3.05378
0.98594
2.32269
-0.00734
0.35995
2.59945
-1.26381
-0.38114
0.07661
-1.7696
-1.76603
2.15103
0.4036



H -2.30032 -1.77967 3.73935
H -3.34954 -0.52034 3.10159
H -4.04843 2.74175 24317
H 254163 -3.00959 1.54383
H -5.87309 -1.43358 0.97472
H -4.91041 -0.40419 1.99266
H -6.13251 0.87121 0.30864
H -5.41827 -0.08729 -0.99018
H -4.89608 2.57155 1.33407
H -3.85636 1.27962 1.94836
H 0.21982 1.92998 2.14001
H -0.94837 2.87705 3.03136
H -2.36807 1.03384 338754
H -0.75663 0.68758 3.96364
H -0.39739 4.21981 0.98291
H -1.02902 3.62756 -0.58984
H -0.01776 -1.31768 3.67937
H -4.65388 1.50345 -2.08642
H -5.08079 2.89886 -1.04628
H -3.30028 -3.26983 -0.45942
H -5.05935 -3.04609 -0.1555
Bi -1.42306 -0.10858 -0.68997
H -0.54174 238011 2.38647
c 1.14856 -1.18014 1.89434
H 1.73477 -1.99164 2.35541
C 1.88868 0.12504 2.2389
H 1.57667 0.88146 1.52809
H 1.60203 0.44407 3.24286
N 1.06308 -1.42822 0.44155
c 2.1467 -0.89378 -0.38607
H 3.04337 -1.52112 -0.34632
H 2.37729 0.12269 -0.09839
C 0.9598 -2.86493 0.15874
H 1.65242 -3.44796 0.77357
H 1.18943 -3.01343 -0.89467
C 1.75542 -0.75984 -1.88051
0 2.66765 -0.59105 2.64375
0 0.52114 -0.82054 -2.15396
C -0.46772 337914 0.33984
0 -1.33308 -2.63699 -0.20383
0 -0.68234 -4.40471 0.98147
C 3.42966 -0.01939 2.13938
H 3.67928 -0.89085 1.55962
H 3.84886 -0.19519 3.15187
c 4.10459 1.23054 1.52478
H 432185 1.96724 2.29801
H 3.43167 1.71343 0.81539
C 538229 0.83347 0.82072
¢ 535069 0.43729 -0.52256
C 6.59783 0.80183 1.50957
C 6.50846 0.01357 -1.15938
H 44238 0.44268 -1.08424
C 7.76604 0.38814 0.88938
H 6.62477 1.11039 254552
¢ 7.69357 0.00127 -0.43897
H 6.47106 -0.30058 -2.1906
H 8.71296 036124 1.4035
N 8.92789 -0.43442 -1.10097
0 9.94544 -0.4525 -0.4481
0 8.87033 -0.75138 -2.26034
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Figure S3. DFT-optimized structure and cartesian coordinate of [Lu(DOTA)(H,0)]", and [Lu(3p-C-DEPA)(H,0)]* complex.



Cartesian coordinate of [Lu(DOTA)(H,O)] complex

Atom X Y Z

(0] -2.05878 1.23606 -1.27348
(6] 1.34118 2.40801 -0.96505
(0] -1.45468 -1.88311 -0.87494
(0] 2.13565 -1.4288 -1.31244
(0] -4.24121 1.8056 -1.18798
(0] 2.05406 4.50508 -0.49721
(0] -2.61107 -3.72968 -0.2768

(6] 4.12719 -2.49963 -1.20008
N -1.97221 0.23238 1.17576
N 0.43545 1.96319 1.50633
N 0.10791 -1.90235 1.32226
N 2.44073 -0.11092 0.9889

C -2.0622 -0.90293 2.15145
C 1.69625 1.86671 2.32103
C -0.70549 -1.52672 2.53113
C 2.87222 1.19414 1.61241
C -0.66781 1.93211 2.52703
C 2.35382 -1.07711 2.13865
C -2.02494 1.51517 1.9571

C 1.46392 -2.29137 1.83634
C -3.31616 0.23367 0.45457
C 0.45137 3.39315 0.98427
C -0.4947 -3.20639 0.83018
C 3.69963 -0.55641 0.21939
C -3.23728 1.18609 -0.76352
C 1.37719 3.4971 -0.2592

C -1.64016 -2.96464 -0.18416
C 3.33422 -1.61359 -0.85501
H -2.56554 -0.59325 3.10865
H -2.68147 -1.72803 1.68817
H 2.05987 2.88553 2.65067
H 1.49661 1.3018 3.28545
H 3.70676 1.05891 2.35347
H 3.23518 1.886 0.79578
H 3.36126 -1.4781 2.43581
H 1.93573 -0.54801 3.03875
H 1.38818 -2.91053 2.77123
H 1.97976 -2.90619 1.04038
H -0.91755 -2.41963 3.18337
H -0.1129 -0.79837 3.15038
H -2.39093 2.32682 1.26091
H -2.75193 1.45427 2.81431
H -0.41419 1.20231 3.34788
H -0.79737 2.93988 3.01352
H -4.15136 0.50924 1.14595
H -3.49752 -0.79817 0.03723
H -0.58801 3.66018 0.64996
H 0.76419 4.12864 1.76966
H 0.28966 -3.78134 0.26386
H -0.85527 -3.84329 1.67863
H 4.11269 0.32551 -0.34399
H 4.50549 -0.94422 0.89403
Lu 0.18332 0.11636 -0.57983
(0] -0.80491 -0.13632 -2.93235
H -1.46856 -0.78859 -2.67364
H -1.28929 0.69278 -3.00676

Figure S4. DFT-optimized structure and cartesian coordinate of [Lu(3p-C-DEPA)]*complex.

Cartesian coordinate of [Lu(3p-C-DEPA)]*complex

Atom X Y Z
(6] -2.05878 1.23606 -1.27348
O 1.34118 2.40801 -0.96505
(6] -1.45468 -1.88311 -0.87494
(6] 2.13565 -1.4288 -1.31244
O -4.24121 1.8056 -1.18798



(6] 2.05406 4.50508 -0.49721
(6] -2.61107 -3.72968 -0.2768
O 4.12719 -2.49963 -1.20008
N -1.97221 0.23238 1.17576
N 0.43545 1.96319 1.50633
N 0.10791 -1.90235 1.32226
N 2.47073 -0.11092 0.9889
C -2.0622 -0.90293 2.15145
C 1.69625 1.86671 2.33103
C -0.70549 -1.52672 2.53113
C 2.83222 1.19414 1.61241
C -0.66781 1.93211 2.52703
C 2.35382 -1.07711 2.13865
C -2.02494 1.51517 1.9171
C 1.46392 -2.29137 1.83634
C -3.31616 0.23367 0.45457
C 0.45137 3.39315 0.98427
C -0.4947 -3.20639 0.83018
C 3.69963 -0.55641 0.21939
C -3.25728 1.18609 -0.76352
C 1.37719 3.4971 -0.2592
C -1.64016 -2.96464 -0.18416
C 3.33422 -1.61359 -0.85501
H -2.56554 -0.59325 3.10865
H -2.68147 -1.72803 1.68817
H 2.05987 2.88553 2.65067
H 1.49661 1.3018 3.28545
H 3.70676 1.05891 2.35347
H 3.23518 1.886 0.79578
H 3.36126 -1.4781 2.44581
H 1.93573 -0.54801 3.03875
H 1.38818 -2.91053 2.77123
H 1.97976 -2.90619 1.04038
H -0.91755 -2.41963 3.18337
H -0.1129 -0.79837 3.15038
H -2.39093 2.32682 1.26091
H -2.55193 1.45427 2.81431
H -0.41419 1.20231 3.34788
H -0.79737 2.93988 3.01352
H -4.15136 0.50924 1.14595
H -3.49752 -0.79817 0.03723
H -0.58801 3.67018 0.64996
H 0.76419 4.12864 1.76966
H 0.28966 -3.78134 0.26386
H -0.85527 -3.84329 1.64863
H 4.11269 0.32551 -0.34399
H 4.50549 -0.94422 0.89403
Lu 0.18332 0.11636 -0.57983
(6] -0.80491 -0.13632 -2.93235
H -1.46856 -0.78859 -2.67364
H -1.28929 0.69278 -3.00676

Table S3. Atomic charge distribution of donor atoms in [DOTA]J* and [3p-C-DEPA]>

Donor Natural Population Natural Population
Chelators Atom Analysis (NI;’ A) Chelators Donor Atom Analysis (NI;’ A)
[DOTA]* | Ol -0.88640 [3p-C-DEPA]>- | O1 -0.88879

02 -0.88863 02 -0.88015

03 -0.88892 03 -0.88636

04 -0.85891 04 -0.86616

05 -0.85908 05 -0.87407

06 -0.86149 06 -0.86812

07 -0.85854 050 -0.89235

08 -0.88575 051 -0.86811

Average O | -0.87347 053 -0.86789

N9 -0.59168 054 -0.88691

N10 -0.58181 Average O -0.87789

Nl11 -0.59308 N7 -0.60188

N12 -0.60405 N8§ -0.59975

Average N | -0.59266 N9 -0.60094




N10 -0.59290
Average N cyclen | -0.59887
N45 -0.59119

Table S4. Charge distribution of the ion center in the [DOTA]* and [3p-C-DEPA]*" complexes

Natural Population

Natural Population

Chelators | Ions Analysis (NPA) Chelators Ions Analysis (NPA)
[DOTA]* | Lu*" | 1.60296 [3p-C-DEPA]> | Lu** 1.77991

Bi** | 2.25461 Bi®* 2.27544

Ac*t | 1.42212 Ac** 1.36652

Table S5. Bond order between the ion and donor atoms in the [DOTA]* complex.

Chelators Ions Bond Wiberg Bond Index (WBI)
[DOTA]* Lu* Ol-Lu 0.2712
02-Lu 0.2852
03-Lu 0.2705
04-Lu 0.2836
N9-Lu 0.1383
N10-Lu 0.1453
N11-Lu 0.1422
N12-Lu 0.1368
054-Lu 0.2343
Bi* O1-Bi 0.1512
02-Bi 0.1539
03-Bi 0.1860
04-Bi 0.1971
N9-Bi 0.0962
N10-Bi 0.0814
NI11-Bi 0.1133
N12-Bi 0.0921
054-Bi 0.1448
Ac* Ol-Ac 0.3428
02-Ac 0.3341
03-Ac 0.3211
04-Ac 0.3254
N9-Ac 0.1276
N10-Ac 0.1313
N11-Ac 0.1270
NI12-Ac 0.1283
054-Ac 0.2767




Table S6. Bond order between the ion and donor atoms in the [3p-C-DEPA]> complex

Chelators Tons Bond Wiberg Bond Index (WBI)
[3p-C-DEPA] | Lu** 04-Lu 0.1834
0O5-Lu 0.2176
06-Lu 0.2259
065-Lu 0.2380
067-Lu 0.1878
N7-Lu 0.0967
N8-Lu 0.1289
N9-Lu 0.0931
N10-Lu 0.0857
N56-Lu 0.0823
Bi** 04-Bi 0.1344
05-Bi 0.1919
06-Bi 0.2060
065-Bi 0.2274
067-Bi 0.1510
N7-Bi 0.0542
N8-Bi 0.0615
N9-Bi 0.0629
N10-Bi 0.0527
N56-Bi 0.0715
Ac** 04-Ac 0.2827
05-Ac 0.3160
06-Ac 0.3251
065-Ac 0.3248
067-Ac 0.2826
N7-Ac 0.1223
N8-Ac 0.1364
N9-Ac 0.1200
N10-Ac 0.1207
N56-Ac 0.1125




