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Calculations details.

The geometries of ligand IV and its complexes (IV)Ln(NO;); were completely
optimized for the gas phase conditions by first-principles DFT (GGA PBE). It is well
known that the results of calculation of metal complexes depend very strongly on
the basis sets used and on the methods of taking into account the relativistic effects.
In order to improve the accuracy and reliability of the results, we used the scalar-
relativistic theory and relativistic full-electron basis set consisting of:
{3,2,1}/{8,4,2} for H; {4,3,2,1}/{12,8,4,2} for C, N, and O; {5,4,2,1}/{19,13,5,2}
for CI; {10,9,7,3,1}/{33,32,22,12,5} for La; {10,9,7,4,1}/{33,32,22,17,4} for Lu;
{9,8,6,3,1} /{30,29,20,14,6}, for all others lanthanides. The stationary points were
identified by an analysis of Hessians. The statistical formulas for rigid rotator and
harmonic oscillator were used for the calculation of the thermodynamic functions
(Gibbs energy, G) at 298.15 K. Atomic charges values were calculated according to
Hirschfeld (Hirshfeld, F.L. Theoret. Chim. Acta (Berl.), 1977, 44, 129.).

The search for a global minimum on the PES of conformationally labile molecules
(among which are the ligand and complexes under study) is difficult because of the

presence of many local minima on the PES with a small energies differences (1-3



kcal/mol) corresponding to diverse conformations with different values of planar
and/or dihedral angles. Therefore, in all cases, the calculations were performed using
several starting geometries of the symmetric and asymmetric types. The
conformation with a minimum total energy was chosen as a final one. All
calculations were performed at the MBC-100k Cluster of the Joint Supercomputer
Center (JSCC, Moscow) using the PRIRODA code developed by D.N. Laikov

(Laikov, D.N.; Ustynyuk Yu.A.; Rus.Chem. Bul., 2005, 54, 820).

Fig.1.The non-planar twisted conformation of N,N-Diethyl-N,N-diphenyl-4,7-

dichloro-1,10-phenanthroline-2,9-dicarboxamide.

Cartesian coordinates for diamide (V).
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Cartesian coordinates for complex [(V)Gd(NOs]
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Extraction procedure.

We determined the distribution coefficients D for Ln*" ions between the aqueous and
organic phases at different concentrations of nitric acid and various concentrations
of ligand V in m-nitro(trifluoromethyl)benzene (F3). All extraction experiments
were carried out at 25°C in 5 mL polypropylene vials, each of which were charged
with the organic phase (2 mL) and an aqueous solution (2 mL) of suitable
composition. Preliminary experiments showed that the extraction equilibrium is
achieved after 5 minutes of vigorous agitation, and this mixing time was maintained
constant during all experiments. The organic phase was previously saturated with
nitric acid by contacting the solution with the desired concentration of nitric acid
containing no metals. The equilibrium aqueous and organic phases were separated
by centrifugation and then both were sampled for analysis.

The lanthanide concentrations were determined on a Varian 725 -ES (Australia)
ICP-OES optical emission spectrometer. The starting solution contained nitric acid
and metal cations from lanthanum to lutetium (the concentration of each metal is ~
10 mol/L). All experiments were performed in duplicate. The spectral measurement

error for determination of lanthanides in solutions under study is ~10-15 %.



