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1. NMR and IR spectra of synthesized compounds
N?,N2,N° N°-tetrabutyl-7-chloro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (4a)
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Figure S1. *H NMR spectrum in CDCls at 25°C
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Figure S2. *3C NMR spectrum in CDCls at 25°C
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Figure S3. Solid-state IR spectrum at 25°C
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N?,N°-bis(4-butylphenyl)-7-chloro-N?,N°-diethyl-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (4d)
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Figure S4. *H NMR spectrum in CsDg at 25°C
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Figure S5. 3C NMR spectrum in CsDs at 25°C
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Figure S6. Solid-state IR spectrum at 25°C



N?,N?,N°,N°-tetrabutyl-7-hydroxy-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (5a)
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Figure S7. 'H NMR spectra in DMSO-ds at (upper) 25°C, (middle) 60°C and (bottom) after adding H*
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Figure S8. 3C NMR spectra in in DMSO-ds at (upper) 25°C and (bottom) after adding H*
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Figure S9. *H/*H COSY NMR spectrum in DMSO-ds at 25°C
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Figure S10. *H/*H NOESY NMR spectrum in DMSO-ds at 25°C
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Figure S11. *H/**C HSQC NMR spectrum in DMSO-ds after adding H*
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Figure S12. *H/*3C HMBC NMR spectrum in DMSO-ds after adding H*
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Figure S13. *H/*H COSY NMR spectrum in DMSO-ds after adding H*
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Figure S14. 'H/*H NOESY NMR spectrum in DMSO-ds after adding H*
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Figure S15. Solid-state IR spectrum at 25°C

S16



N?,N°-diethyl-7-hydroxy-4-oxo-N?,N°-di-p-tolyl-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (5c)
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Figure S16. *H NMR spectra in DMSO-ds at (upper) 25°C and (bottom) after adding H*
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Figure S17. 13C NMR spectra in DMSO-ds
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Figure S18. Solid-state IR spectrum at 25°C
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N?,N°-bis(4-butylphenyl)-N2,N°-diethyl-7-hydroxy-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (5d)
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Figure S20. H/*3C HSQC NMR spectrum in DMSO-ds at 25°C
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Figure S21. Solid-state IR spectrum at 25°C
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N?,N2,N° N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide lanthanum trinitrate 5a*La(NQO3)3
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A e R J\/\k | “JL_J.J
3 & 3 A & o
v v 0 =)} o< =
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

T T T T T T T T T T T T T T T T T T T T T T T T

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

Figure S22. (Upper) *H and (bottom) *3C NMR spectra in CD3CN at 60°C
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N?,N2,N° N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide neodymium trinitrate 5a*Nd(NQ3)3
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Figure S24. *H and *C NMR spectrum in CD3CN at 25°C
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Figure S25. Solid-state IR spectrum at 25°C
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N?,N2,N° N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide europium trinitrate 5a*Eu(NO3)3

[{e]
©
N~
o~
e
2
D
& 8%
o~ — © R
M~ wn "
w <
A
(00 [{e]
~ 3
< =3
o) 32 &
< o~
fJ
N
7 3 g
D <
n <
N = 2
-
=3
{9
(523
.
v
)
(=)
~
) o
= =
| P
{{e]
@ 3
= 99 o
T S
Te 28
| _—— ™~
N O | Oy «©
~No | o ©
@ © o ()
SR ® gl 1 o
\U 5 ) <
r ol %
Siw
T
LA B e B L I I B L L LA e B B i
3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

Wavenumber (cm-1)

Figure S26. Solid-state IR spectrum at 25°C
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N?,N2,N° N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide lutetium trinitrate 5asLu(NO3)3
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Figure S27. Solid-state IR spectrum at 25°C
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N?,N°-diethyl-4,7-dihydroxy-N?,N°-di-p-tolyl-1,10-phenanthroline-2,9-dicarboxamide lanthanum trinitrate SceLa(NO3)3
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Figure S28. Solid-state IR spectrum at 25°C
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N?,N°-diethyl-4,7-dihydroxy-N?,N°-di-p-tolyl-1,10-phenanthroline-2,9-dicarboxamide neodymium trinitrate 5ceNd(NO3)3
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Figure S29. Solid-state IR spectrum at 25°C
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N?,N°-diethyl-4,7-dihydroxy-N?,N°-di-p-tolyl-1,10-phenanthroline-2,9-dicarboxamide europium trinitrate SceEu(NO3)3

EU(NOs)s

Figure S30. *H NMR spectrum in CDsCN at 60°C
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Figure S31. Solid-state IR spectrum at 25°C
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N?,N°-diethyl-4,7-dihydroxy-N?,N°-di-p-tolyl-1,10-phenanthroline-2,9-dicarboxamide lutetium trinitrate SceLu(NO3)3
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Figure S32. Solid-state IR spectrum at 25°C
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2. NMR spectra of hydrolysis experiments
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Figure S33. Hydrolysis of 1a (1) after 0.3h (2), 1.5h (3), 2h (4), 2.5h (5), 3h (6), 3.5h (7), 4h (8), 4.5h(9), 5h (10), 5.5h
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3. NMR titration
N2,N? ,N° N°-tetrabutyl-4,7-difluoro-1,10-phenanthroline-2,9-dicarboxamide (1a) with neodymium trinitrate
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Figure S35. NMR titration of 1a with Nd(NO3)3.6H20 in CDsCN
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N?,N?,N°,N°-tetrabutyl-4,7-difluoro-1,10-phenanthroline-2,9-dicarboxamide (1a) with lutetium trinitrate
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Figure S36. NMR titration of 1a with Lu(NOs)3.6H20 in CDsCN
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N?,N2,N° N°-tetrabutyl-7-fluoro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (2a) with neodymium trinitrate
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Figure S37. NMR titration of 2a with Nd(NO3)3.6H20 in CDsCN

S38



N?,N2,N° N°-tetrabutyl-7-fluoro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (2a) with lutetium trinitrate
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Figure S38. NMR titration of 2a with Lu(NO3)3.6H20 in CDsCN
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N?,N°-bis(p-tolyl)-4,7-difluoro-N2,N°-diethyl-1,10-phenanthroline-2,9-dicarboxamide (1c) with lanthanum trinitrate
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Figure S39. NMR titration of 1c with La(NO3)3.6H20 in CD3CN
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N?,N°-bis(p-tolyl)-4,7-difluoro-N2,N°-diethyl-1,10-phenanthroline-2,9-dicarboxamide (1c) with neodymium trinitrate
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Figure S40. NMR titration of 1c with Nd(NO3)3.6H20 in CD3CN
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N?,N°-bis(p-tolyl)-4,7-difluoro-N2,N°-diethyl-1,10-phenanthroline-2,9-dicarboxamide (1c) with europium trinitrate
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Figure S41. NMR titration of 1¢c with Eu(NO3)3.6H20 in CD3;CN

[

S42



N?,N°-bis(p-tolyl)-4,7-difluoro-N?,N°-diethyl-1,10-phenanthroline-2,9-dicarboxamide (1c) with lutetium trinitrate
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Figure S42. NMR titration of 1c with Lu(NOz)3.6H20 in CD3CN
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N?,N°-bis(p-tolyl)-N?,N°-diethyl-7-fluoro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (2c) with lanthanum trinitrate
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Figure S43. NMR titration of 2¢c with La(NO3)3.6H20 in CD3CN
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N?,N°-bis(p-tolyl)-N?,N°-diethyl-7-fluoro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (2c) with neodymium trinitrate
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Figure S44. NMR titration of 2c with Nd(NO3)3.6H20 in CD3CN
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N?,N°-bis(p-tolyl)-N?,N°-diethyl-7-fluoro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (2c) with europium trinitrate
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Figure S45. NMR titration of 2¢ with Eu(NO3)3.6H20 in CD3;CN
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N?,N°-bis(p-tolyl)-N?,N°-diethyl-7-fluoro-4-oxo-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (2c) with lutetium trinitrate
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Figure S46. NMR titration of 2c with Lu(NOz)3.6H20 in CD3CN
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N?,N2,N° N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide (5a) with neodymium trinitrate
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Figure S47. NMR titration of 5a with Nd(NO3)3;.6H20 in CD3;CN
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N?,N?,N°,N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide (5a) with europium trinitrate
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Figure S48. NMR titration of 5a with Eu(NO3)3.6H20 in CDsCN
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N?,N?,N° N°-tetrabutyl-4,7-dihydroxy-1,10-phenanthroline-2,9-dicarboxamide (5a) with lutetium trinitrate
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Figure S49. NMR titration of 5a with Lu(NOz3)3.6H20 in CDsCN
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N?,N°-diethyl-7-hydroxy-4-oxo-N?,N°-di-p-tolyl-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (5c) with neodymium trinitrate
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Figure S50. Fragmental view of NMR titration of 5¢ with Nd(NO3)3.6H20 in CD3CN
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N?,N°-diethyl-7-hydroxy-4-oxo-N?,N°-di-p-tolyl-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (5c¢) with europium trinitrate
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Figure S51. NMR titration of 5¢ with Eu(NO3)3.6H20 in CDsCN
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N?,N°-diethyl-7-hydroxy-4-oxo-N?,N°-di-p-tolyl-1,4-dihydro-1,10-phenanthroline-2,9-dicarboxamide (5c¢) with lutetium trinitrate
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Figure S52. NMR titration of 5¢ with Lu(NO3)3.6H20 in CD3:CN
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4. UV-vis titration
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Figure S53. Spectrophotometric titration of 5a with La(NOz)z in CH3CN solution Figure S54. Titration curves of 5a with La (I11) at 279 nm, calculated vs observed
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Figure S55. Spectrophotometric titration of 5c
with La(NO3)s in CH3CN solution

Figure S56.Titration curves of 5¢ with La (l1I) at
293 nm, calculated vs observed

Figure S57.Titration curves of 5¢ with La (I1I) at
338 nm, calculated vs observed
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5. Theoretical computations

Figure S58. DFT optimized geometry of SceEu(NO3)3
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