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Fig. S2 The ESP maps of substituents and phenanthroline.



Table S1 Properties of Substituents and Phenanthroline.?

a b c d € H,O  Am?'(ref)? Eu?'(ref) H,O(ref)"
1P 8.32 8.75 8.49 8.09 8.08 12.53 - - 12.6
EA -1.08 0.38 098 -0.21 031 -2.92 - - -6.4
% 362 456 473 4.15 4.19 4.80 - - 3.10
n 4770  4.18 3.75 394 777 7.72 7.35 10.75 9.5

ESP -1.77 -1.44 -1.60 -1.69 -2.49 - - - -

#D. Manna and T. K. Ghanty, Phys. Chem. Chem. Phys., 2012, 14, 11060-11069.

*R. G. Pearson, Inorg. Chem., 1988, 77, 734-740.

@ 1P, EA, x and m are the ionization potential, electron affinity, electronegativity and hardness,
respectively in electronvolts; ESP values are the electronic potential where the matel contacts the
nitrogen donor atoms (kcal/mol);

Table S2 NBO Populations of Am and Eu Atoms in Complexes.

Complexes NBO Populations

Eu:  [Xe] 6s(0.17) 4£(6.37) 5d(0.73) 6p(0.01) 6d(0.06)

ML,(NO3);

Am: [Rn] 75(0.19) 5f(6.30) 6d(1.05) 7p(0.01)

Eu:  [Xe] 65(0.16) 4£(6.38) 5d(0.73) 6p(0.01) 6d(0.06)
MLy(NO3);

Am:  [Rn] 75(0.18) 5f(6.32) 6d(1.03) 7p(0.01)

Eu:  [Xe] 65(0.16) 4£(6.38) 5d(0.76) 6p(0.01) 6d(0.06)
ML(NO3);

Am:  [Rn] 75(0.18) 5£(6.29) 6d(1.10) 7p(0.01)

Eu:  [Xe] 65(0.16) 4£(6.38) 5d(0.74) 6p(0.01) 6d(0.06)
ML4(NO3);

Am: [Rn] 7s(0.18) 5£(6.31) 6d(1.06) 7p(0.01)




Table S3 Contribution (%) of Metal Atoms and the Nitrogen of Ligand (Ni) and

Oxygen Atoms of Nitrate Anion (Oy) to the Delocalized Canonical MOs for

Complexes ML,(NOj3); and ML (NO3); (M=Eu, Am).

MO-820c  MO-160cc  MO-161a MO-1800c  MO-1820.
Eu 5p:76.85  5d:3.09 5d:2.64  4f:20.13  4f 14.62
) 2p: 30.10 2p: 22.72
No 25:2.07 458 2s:3.83 - -
ML(NO,) Oy 2p: 7.04 2p: 18.49 2p: 35.37 2p: 34.09 2p: 38.65
a 3)3
MO-98cc MO-177ac.  MO-178a MO-1960. MO-1980.
Am 6p: 70.61  6d: 3.09 6d:4.58  5f:11.68 5 7.09
) 2p: 35.22 2p: 44.02
No 25:6.40 2s: 5.96 2s: 5.69 - -
Owo) 2s:5.22 2p: 15.24 2p: 5.80 2p: 46.26 2p: 23.27
MO-840c  MO-1660c  MO-167ac  MO-1860. MO-1880.
Eu 5p: 1873 5d: 6.09 5d:1.99  4f:23.03  4f 26.99
) 2p: 12.63 2p: 35.14
No 25:7.84 2s: 2.56 2s: 4.29 - -
Oy 2p: 5.59 2p: 42.78 2p: 5.73 2p: 37.10 2p: 35.74
ML.(NO
(NO3)s MO-100cc MO-181o. MO-1820. MO-202a. MO-2040.
. . 5£:2.36 5f 153 5f 12.94
Am 6p: 1620  6d:5.89 6d: 3.28 6d: 2.38 6d: 1.07
) 2p: 17.11 2p: 42.14
No 25:5.13 2s:3.16 2s: 5.01 )
Oy 2s:5.00 2p: 14.24 2p: 4.71 2p:28.67  2p:42.51




Table S4 Changes of Gibbs Free Energies (AG, kcal/mol) for Complexation
Reactions of 1:1 Metal to Ligands Ratio in Gas and Cyclohexanone Phases at

the BP86/6-311G*/RECP level of Theory.

AGigs AGeye AAGgs  AAGey,
L+ [M(NO3)a(H,0)s]* + NO3 —> ML,(NOs)s + 4H,0 -99.03/-102.75  -28.11/-30.75 373 -2.64
Ly + [M(NO3),(H;0)4]" + NO3 — MLy(NO3); + 4H,0 -121.14/-12478 31383427  -3.64  -2.89
Lot [M(NO3),(H,0)]" + NOs —> ML(NO3)s + 4H,0 -116.17/-121.65  -31.94/-3535  -5.49 341
Ly+ [M(NOs),(Hy0),]" + NO3 = MLy(NO3); + 4H,0 -117.24/-122.03  -32.82/-36.29 -4.79 3.47
HL+ a + [M(NO3)»(Hy0)a]' + NO; = ML,(NOy)s + 3H,0 + HsO'  -36.14/-39.87  -10.08/-1271  -3.73  -2.64
HL+ b+ [M(NOs),(H;0)4] + NOs = MLy(NOs); + 3H,0 + H;0'  -33.60/-37.24 -5.54/-8.43 364 -2.89
HL+ ¢+ [M(NO3),(H,0),] + NO3 = ML(NO5); + 3H,0 + H;0'  -32.96/-38.44 -7.58/-10.99 -5.49 -3.41
HL+ d + [M(NOs)y(H,0):]* + NOs —> MLy(NO3)s + 3H,0 + H,0©  -33.55/-38.34  -8.51/-12.00 479 347

a.../... represent the results of Eu and Am complexes, respectively.

Table S5 Changes of Gibbs Free Energies (AG, kcal/mol) for Complexation
Reactions of [M(NO;)(H,0)s]** (M=Am, Eu) Complexes with Ligands in Gas,

Aqueous, n-Octanol and Cyclohexanone Phases at the B3LYP/6-311G*/RECP level

of Theory. ¢
A(}gas AC}water AC}n—oct A(}cyc
L+ [M(NO3)(H,0)¢]%* + 2NO5 - ML(NOs)s + 4H,0 -281.42/-287.30 -33.19/-37.70 -28.32/-32.74 -42.42/-46.58
Ly + [M(NO3)(H,0)s]*" + 2NO3 — MLy(NO3); + 4H,0 -303.54/-309.33 -35.08/-39.90 -32.97/-37.78 -45.69/-50.10
Lot [M(NOs)(H0)e>* + 2NO5 = ML(NO3); + 4H,O -298.56/-306.20 -35.45/-41.17 -32.39/-38.01 -46.25/-51.19
Ly [M(NO)Y(H,0)g]2* + 2NOs = MLy(NO3)s + 4H,0 -299.64/-306.58 -35.15/-40.35 -31.95/-37.19 -47.13/-52.12
HL+ a + [M(NO;)(H,0) P + 2NOy—> ML,(NOs); + 3H,0 +  -218.54/-224.42 -12.96/-17.47 -12.03/-16.45 -24.38/-28.54
HL+ b + [M(NOs)(H,0)]2" + 2NOs — MLy(NOs); + 3H,0 +  -216.00/-221.79 -8.47/-13.30 -7.62/-13.73 -19.85/-24.26
HL+ o [M(NO;)(H,O)2" + 2NOs—> ML(NOy); + 3H,0 +  -215.35/-222.99 -9.51/-15.23 -8.11/-12.42 -21.89/-26.82

HL+ d + [M(NO;)(Hy0)> + 2NOs —> MLy(NOy); + 3H,0 +  -215.94/-222.88 -8.54-13.74  -12.03-12.44  -22.82/-27.81




a.../... represent the results of Eu and Am complexes, respectively.

Table S6 Differences in Gibbs Free energies (AAG, kcal/mol) Between
[M(NO3)(H>0)6]*" (M=Am, Eu) Complexes with Ligands in Gas, Aqueous, n-

Octanol, and Cyclohexanone Phases at the B3LYP/6-311G*/RECP Level.

AAGgaS AA(}Water AAGn-oct AAchc

L,+ [M(NO;)(H,0)s]*" + 2NO; — MLy(NO3); + 4H,0 -5.88 -4.51 -4.42 -4.16
Ly + [M(NO3)(H,0)6]** + 2NO5 — MLy(NO3); + 4H,0 -5.79 -4.83 -4.80 -4.41
Lo+ [M(NO3)(H,0)6]*" + 2NO3 — ML(NOs); + 4H,0 -7.64 -5.72 -5.62 -4.94

Lg+ [M(NO3)(H,0)s]*" + 2NO3 — MLy(NOs); + 4H,0 -6.94 -5.20 -5.24 -4.99




