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Table S1. Calculated atomic gy and group charges Q., Qu,, and Qrpy of the free
ligand L and the corresponding [AmL]’* complexes and the 5f occupancy of Am,
Occ.(5/),of the complexes in the aqueous solution.

L Free ligand charges [AmL]*" charges
(water) Q  Qu  Quy  Q  Qu  Qu  aM) Oce(5)
BTP 0.054 -0.027 - 0.133  0.041 - 2.786 6.02
hemi-BTP 0.025 -0.034 0.009 0.110 0.052 0.099 2.738 6.06
TPY -0.006 - 0.003  0.079 - 0.099 2.723 6.07
C2-BTP 0.033 -0.017 -- 0.123  0.075 - 2.726 6.07
C2-hemi-BTP 0.013 -0.019 0.006 0.085 0.055 0.092 2.767 6.02
C2-TPY -0.019 - 0.010 0.062 - 0.113 2.712 6.07
MeOPh-BTP 0.029 -0.015 - 0.107  0.096 - 2.700 6.09
MeOPh-hemi-BTP | 0.012 -0.018 0.006 0.090 0.093 0.105 2.712 6.08
MeOPh-TPY -0.008 - 0.004 0.062 - 0.114 2.710 6.07
CyMe4-BTP 0.031 -0.015 - 0.107  0.066 - 2.761 6.04
CyMe4-hemi-BTP | 0.013 -0.019 0.006 0.097 0.078 0.098 2.727 6.07
CyMe4-TPY -0.019 - 0.0098 0.045 - 0.107 2.741 6.03
CF3-BTP 0.117 -0.059 - 0.197 0.013 - 2.777 6.05
CF3-hemi-BTP 0.059 -0.075 0.016 0.136 -0.009 0.117 2.757 6.05
CF3-TPY 0.052 - -0.026 0.135 - 0.055 2.756 6.05




Table S2. Calculated Am-N distances (dam-n, in A), Mayer bond order(MBO) and
bond overlap populations (BOPs) in [AmL]’" complexes in the aqueous solution.

damx MBO BOPs
L N, N, Ny N N, Ny N N, Ny
BTP 2,66 2.59 259 027 027 027 0.18 0.18 0.18
hemi-BTP 2,62 256 259 031 029 033 0.19 0.18 0.19
TPY 2.57 255 255 034 034 034 021 021 0.21
C2-BTP 2,66 2.56 2.56 029 030 030 0.18 0.19 0.19
C2-hemi-BTP 2.61 254 259 030 029 0.32 020 020 0.20
C2-TPY 2.55 252 252 035 036 036 022 021 0.21
MeOPh-BTP 2.65 255 255 030 032 032 020 020 0.20
MeOPh-hemi-BTP | 2.62 2.52 2.54 0.31 032 036 020 021 0.21
MeOPh-TPY 2.59 252 252 033 036 036 021 021 0.21
CyMe4-BTP 2.65 2.57 257 027 030 030 0.18 0.18 0.18
CyMe4-hemi-BTP | 2.62 2.53 259 031 031 033 0.19 0.19 0.19
CyMe4-TPY 2.57 254 254 032 036 036 021 021 0.21
CF3-BTP 2.70 2.60 2.60 0.27 025 025 0.17 0.165 0.165
CF3-hemi-BTP 2,62 262 256 031 024 035 0.19 0.17 0.19
CF3-TPY 2.60 2.59 259 032 030 030 0.19 0.17 0.17

Table S3. Calculated binding energies (kcal mol™) of the complexes [AmL]*" in the
gas phase and aqueous solution.

Gas/BS1 Water/BS|1 Gas/BS2 Water/BS2
L Ay  AGy | AEg AGy AEg AGy | AEy AGy

BTP -397.3  -387.9 -23.8 -12.8 -390.3  -380.9 | -19.3  -83
hemi-BTP -402.1  -392.1 -30.9 -21.1 -3942  -3842 | -258 -159
TPY -408.1  -399.5 -34.2 -25.1 -399.2  -390.5| -285 -194
C2-BTP -444.0 -432.7 -32.3 -22.1 -436.1  -4248 | -26.9 -16.7
C2-hemi-BTP -426.8 -416.4 -334 -22.8 -418.5  -408.0 | -27.9 -17.2
C2-TPY -444.5  -435.9 -37.7 -27.4 -436.0  -427.4 | -31.8 -21.5
MeOPh-BTP -530.1  -520.5 -33.7 -23.4 -519.3  -509.7 | -27.8 -17.4
MeOPh-hemi-BTP | -495.6  -486.3 -33.5 -22.6 -485.3  -476.0 | -27.7 -16.7
MeOPh-TPY -526.0 -516.7 -35.5 -24.8 -514.9  -505.6 | -29.5 -18.7
CyMe4-BTP -448.0  -438.2 -26.7 -16.8 -439.7  -4299 | -214 -11.5
CyMe4-hemi-BTP | -434.8 -4254 -33.2 -23.0 -426.4  -4169 | -27.7 -17.5
CyMe4-TPY -455.3 -447.1 -33.5 -23.0 -446.4  -4383 | -27.6 -17.0
CF3-BTP -366.5 -356.5 -16.0 -5.6 -352.5  -342.6 | -10.7 -0.2
CF3-hemi-BTP -386.1 -376.3 -25.4 -15.3 -374.8  -3649 | -200 -99
CF3-TPY -372.4 -364.0 -22.4 -12.6 -357.7  -3494 | -16.1  -6.6




Table S4. Calculated Am-N distances (dam-n, in A), averaged Am-O bond lengths
(dam-o, in A), Mayer bond order (MBO) of [AmL(NO3);] complexes in the aqueous
solution.

damN MBO

L Ny N, Ny Of 0, N N, Ny Of 0)
BTP 269 262 265 252 252 022 021 020 032 0.32
hemi-BTP 2.64 258 261 255 253 023 022 027 030 032
TPY 2.61 259 262 253 253 027 028 027 030 031
C2-BTP 2,66 259 262 252 253 023 023 022 032 032
C2-hemi-BTP 2.63 257 263 253 253 024 023 027 030 031
C2-TPY 2.61 262 257 255 255 024 026 029 029 030
MeOPh-BTP 2.67 260 259 253 253 022 022 024 031 0.31
MeOPh-hemi-BTP | 2.65 2.55 2.64 2.55 253 024 025 027 030 0.31
MeOPh-TPY 2.63 258 259 255 254 025 029 028 030 0.31
CyMe4-BTP 2.65 259 262 252 253 023 023 022 032 032
CyMe4-hemi-BTP | 2.65 2.56 2.61 2.53 254 023 024 0.27 030 0.31
CyMe4-TPY 2.61 258 261 254 253 027 029 028 0.30 031
CF3-BTP 271 263 262 252 252 020 0.18 0.19 032 0.33
CF3-hemi-BTP 2.67 263 261 255 252 023 0.19 027 030 032
CF3-TPY 2.64 263 263 253 252 025 025 024 030 032

* 0; and O, denote the coordinating oxygen atoms of the in- and out-of-plane molecules,

respectively.

Table S5. Calculated binding energies (kcal mol™) of the complexes [AmL(NO3);] in
the gas phase and aqueous solution.

Gas/BS1 Water/BS1 Gas/BS2 Water/BS2

L AEg AGy AEg AGy | AEg A Gy AEsy AGgy
BTP -1080.7 -1036.8 | -111.5 -65.2 | -1056.6 -1012.7 | -88.7 -42.3
hemi-BTP -1084.7 -1039.3 | -116.6 -70.4 | -1060.7 -1015.1 | -94.1  -47.9
TPY -1088.6  -1043.0 | -118.3  -73.3 | -1064.2  -1018.4 | -952 -50.1
C2-BTP -1086.2 -1040.6 | -115.3 -67.8 | -1061.8 -1016.1 | -92.2 -44.5
C2-hemi-BTP -1087.7 -1042.0 | -117.1 -72.4 | -1063.4 -1017.6 | -94.3 -494
C2-TPY -1092.2  -1046.7 | -119.1 -72.3 | -1068.0 -1022.4 | -96.9 -50.0
MeOPh-BTP -1087.3 -1042.5 | -117.6 -70.5 | -1062.7 -1017.8 | -94.7 -474
MeOPh-hemi-BTP | -1087.4 -1042.4 | -113.5 -66.9 | -1062.9 -1017.8 | -90.6  -43.9
MeOPh-TPY -1091.9 -1046.1 | -119.8 -72.7 | -1067.6 -1021.6 | -97.4 -50.1
CyMe4-BTP -1087.2 -1042.8 | -115.9 -70.1 | -1063.0 -1018.5 | -93.1  -47.1
CyMe4-hemi-BTP | -1088.2 -1043.3 | -118.4 -73.2 | -1064.0 -1019.0 | -95.7 -50.4
CyMe4-TPY -1093.5 -1048.7 | -120.9 -75.6 | -1069.5 -1024.6 | -97.9 -52.5
CF3-BTP -1072.6  -1027.6 | -106.1 -58.6 | -1047.3 -1002.3 | -83.1  -35.5
CF3-hemi-BTP -1080.4 -1034.8 | -111.7 -65.5 | -1055.7 -1010.0 | -88.9 -42.6
CF3-TPY -1079.7 -1034.1 | -110.7 -64.1 | -1054.4 -1008.7 | -87.5 -40.7




Table S6. Calculated changes of the Gibbs free energies (kcal mol™) for the
complexing reactions Am(NOs);(H,0); + L — AmL(NOs); +3(H,0).

L AG,/BS1 AGyBS1 AG,/BS2 AG/BS2
BTP -1.6 -6.6 33 7.2
hemi-BTP 4.1 -11.8 -5.7 -12.8
TPY 7.8 -14.7 -9.1 -15.0
C2-BTP 5.5 -9.2 -6.7 -9.4
C2-hemi-BTP -6.8 -13.8 -8.2 -14.3
C2-TPY -11.6 -13.7 -13.1 -14.9
MeOPh-BTP 7.4 -11.9 -8.4 -12.3
MeOPh-hemi-BTP 73 -8.3 -8.4 -8.8
MeOPh-TPY -10.9 -14.1 -12.2 -15.0
CyMe4-BTP 7.7 115 -9.1 -12.0
CyMe4-hemi-BTP -8.2 -14.6 -9.6 -15.2
CyMe4-TPY -13.5 -17.0 -15.2 174
CF3-BTP 7.5 -0.02 7.1 -0.4
CF3-hemi-BTP 0.3 -6.9 -0.6 -7.4
CF3-TPY 1.0 -5.5 0.7 -5.6

Table S7. Characteristics of Am-N Bond Critical Points (BCP) for the various
complexes. p(r) — density of all electrons. V?p(r) - Laplacian of electron density. Hy, -
total energy density. ELF- Electron localization function. LOL - Localized orbital
locator.

L [AmLT* IN/TM p(r) V2 p(r) Hy(au) ELF LOL
(A) ¢/bohr’  e/bohr’

BTP M-N, 1.22/1.37 0.049  0.137  -0.37E-02 0.197 0.330

M-N, 1.08/1.24 0.085 0233  -0.17E-01 0.286 0.386

hemi-BTP M-N, 1.17/1.32  0.060  0.164  -0.69E-02 0.236 0.356

M-N;, 1.07/1.24 0.089 0.237 -0.19E-01  0.300 0.395
M-Ny 1.10/1.27 0.078 0.213 -0.14E-01  0.273  0.379

TPY M-N, 1.14/1.30  0.065 0.188 -0.81E-02 0.232 0.354
M-N;, 1.13/1.29  0.069 0.202 -0.97E-02 0.233 0.354
CyMey-BTP M-N; 1.14/1.30  0.064 0.195 -0.80E-02 0.217 0.344

M-Noo 1 12/129 0071 0207 -0.11E-01 0244 0361

CyMey-hemi-BTP - M-Nv 1 47/133 0057 0166  -0.58E-02 0214 0342

M-N2 108125 0085 0233  -0.17E-01 0287 0.386

M-Noo 113/129 0069 0203 -0.10E-01 0236 0.356

CyMe,TPY  M-Ni 14131 0062 0196  -0.71E-02 0204 0335

1.14/1.31 0.062 0.198 -0.72E-02  0.201 0.333




CF;-BTP

122/137 0.048  0.34  -0.35E-02 0.194 0328
M-Nao 108124 0084 0233 -0.17E-01 0284 0.385
CFyhemi-BTP  M-Ni 49135 0060 0163  -0.67E-02 0235 0.356
M-No o 107/124 0089 0238 -0.19E-01  0.298 0.393
M-Nao 10126 0079 0213 -0.14E-01 0275 0.380
CFy-TPY M-Ne 115/130 0064 0185 -0.79E-02 0231 0.354
M-No o 113/129 0068 0200 -0.94E-02 0231 0.353
L AmL( N/Tp p(r)  V:p(r)  Hy(auw) ELF LOL
(A) e/bo  e/bohr

NO3)3 hr3 5
BTP M-N, 128145 0033 0113 -0.20E-03 0.111 0.260
M-N,  124/141 0038 0133 -0.11E-03 0120 0269
hemi-BTP M-N,  127/143 0035 0.119 -024E-05 0.117 0266
M-N,  123/139 0041 0.144 -0.38E-03 0.128 0276
M-N,  124/141 0039 0131 -0.66E-03 0.129 0277
TPY M-N,  124/1.41 0030 0140 -0.31E-03 0.058 0.198
M-N,  125/140 0031 0143 -0.33E-04 0.058 0.198
CyMesBTP  M-N,  127/144 0034 0115 -0.12E-03 0.114 0263
M-N,  124/139 0040 0138 -0.40E-03 0.129 0.278
CyMeshemi-BT M-N,  126/1.42 0036 0.124 -0.14E-03 0.120  0.269
P M-N,  123/138 0042 0145 -0.65E-03 0.133 0.281
M-N,  124/140  0.040 0.134 -0.75E-03 0.131 0279
CyMesTPY  M-N,  124/141 0039 0.131 -045E-03 0127 0275
M-N,  124/139 0040 0.135 -0.86E-03 0.137 0284
CF,-BTP M-N, 128145 0032 0109 -0.33E-03 0.107 0256
M-N,  126/1.42 0035 0125 -0.34E-03 0.112 0262
CFyhemi-BTP  M-N,  126/1.43  0.035 0.121 -0.19E-04 0.117 0.266
M-N,  125/141 0036 0128 -0.30E-03 0.113 0.263
M-N,  124/140  0.040 0.134 -0.84E-03 0.133 0.281
CF,-TPY M-N,  125/142 0036 0125 -0.12E-03 0.120 0.269
M-N,  126/142 0036 0122 -0.15E-03 0.121 0271




Table S8. Gibbs Free Energy changes (kcal mol™) of the nitration reactions of
[AM(NO3)(H,0)m]’™ (m=3,5,7,9 and n=0-3) in the gas phase (AG,) with B3LYP and
MP2 both based on BS1 level.

Complexation reactions AG,/B3LYP  AG,/MP2
[M(H,0)o]*" + NOy —[M(NO;) (H,0),]*" + 2H,0 -248.4 -250.7
[M(NO;)(H,0)7]*" + NO3y — [M(NO;),(H,0)s]" + 2H,0 -176.5 -179.7
[M(NO3),(H,0)s]" + NO3” — M(NO;);(H,0); + 2H,0 -109.6 -114.7
[M(NOs);5(H,0)3] + NO3™ — [M(NO;)4(H,O0)] + 2H,0 -39.7 -43.0
[M(NO3),(H,0)s]" + HyO— [M(NO3)2(H,0)4]" -8.8 -13.4
[M(NOs3)3(H,0);] + H,O— [M(NO3)3(H,0)4] -3.8 7.0

M(NO3)3(H20)3 + L — ML(NO3)3 +3(H20)

L=BTP -33 -15.6
L=hemi-BTP -5.7 -17.9
L=TPY 9.1 -22.5

Table S9. Calculated binding energies (kcal mol™) of the complexes [AmL]>" with
B3LYP and MP2 both based on BS2 level.

B3LYP/BS2 MP2/BS2

L AE AG AE A Gy

BTP -390.3 3809 | -3798  -370.4

[MLT** hemi-BTP -394.2 3842 | -3889  -378.8
TPY -399.2 3905 | -392.5  -383.8

BTP -1056.6  -1012.7 | -1090.4  -1046.4

ML(NOs); | hemi-BTP | -1060.7  -1015.1 | -10943  -1048.7
TPY 10642 -1018.4 | -1099.1  -1053.3




