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Table S1. Species identified in the ESI-MS spectra of the L4 and L9 ligands. 

Species Composition m/z (exptl) a m/z (calcd) a Deviation (ppm) b 
[L4+H]+ C15H18NO8 340.10250 340.10269 −0.6 
[L4+Na]+ C15H17NO8Na 362.08446 362.08464 −0.5 
[L9+H]+ C20H29O8N2 425.19134 425.19184 −1.2 

a Experimental and calculated m/z values refer to the monoisotopic peak with the 

highest intensity. b Error in ppm respect to the experimental value, calculated as 106 × 

[Experimental (m/z) – Calculated (m/z)] / Calculated (m/z). 

 

Figure S1. ESI-MS/MS(+) spectrum of the signal relative to the [L9+3H]+ ion selected in 

the range of m/z = 425.19 ± 0.5, NCE = 10, recorded on the system VIVO2+-L9 at 1:1 V 

IVO2+:ligand molar ratio at ligand concentration 5µM (MeOH). 

 

Figure S2. ESI-MS/MS(+) spectrum of the signal relative to the [L4+H]+ ion selected in the 

range of m/z = 340.10 ± 0.5, NCE = 10, recorded on the system VIVO2+-L4 at 1:1 VIVO2+:ligand 

molar ratio with [L4] = 50 µM. 
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Figure S3. Representative spectra of UV titration of L4 ligand at ligand concentration 

3×10-4M. Top: beginning of titration at λ = 274 nm and pH 3.89. Bottom: end of titration at 

λ = 326 nm and pH = 10.06. 
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Figure S4. Molar absorptivity of L4 ligand. 
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Figure S5. Representative spectra of UV titration of L9 ligand at ligand concentration 

3×10–4 M. Top: beginning of titration at λ = 276 nm and pH 4.87. Bottom: end of titration 

at λ = 330 nm and pH = 10.99. 
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Figure S6. Molar absorptivity of L9 ligand. 
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Figure S7. UV titration of VIVO2+-L4 at 1:1 VIVO2+:ligand molar ratio at ligand 

concentration 3×10–4 M. HypSpec screenshot. Top: λ = 272 nm, pH 3.33. Middle: λ = 322 

nm, pH 7.00. Bottom: λ = 322 nm, pH 9.98. 
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Figure S8. Molar absorptivity of VIVO2+-L4 at 1:1 VIVO2+:ligand molar ratio at ligand 

concentration 3×10–4 M. 

 

Figure S9. UV titration of VIVO2+-L4 at 1:2 VIVO2+:ligand molar ratio at ligand 

concentration 3×10-4M: HypSpec screenshot. λ = 320 nm, pH 9.00. 
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Figure S10. UV titration of VIVO2+-L4 at 1:4 VIVO2+:ligand molar ratio at ligand 

concentration 3×10-4 M: HypSpec screenshot. λ = 322 nm, pH 8.71. 
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Figure S11. UV titration of VIVO2+-L9 at 1:1 VIVO2+:ligand molar ratio at ligand 

concentration 3×10-4M: HypSpec screenshot. Top: λ = 276 nm, pH 2.51. Middle: λ = 276 

nm, pH 7.00. Bottom: λ = 322 nm, pH 9.98. 
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Figure S12. Molar absorptivity of VIVO2+-L9 at 1:1 VIVO2+:ligand molar ratio at ligand 

concentration 3×10–4 M. 

 

Figure S13. Molar absorptivity of VIVO2+-L9 at 1:1 VIVO2+:ligand molar ratio at ligand 

concentration 3×10–4 M. 
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Figure S14. UV titration of VIVO2+-L9 at 1:4 VIVO2+:ligand molar ratio at ligand 

concentration 3×10–4 M: HypSpec screenshot. λ = 364 nm, pH 8.38. 

 

Figure S15. Experimental (top) and calculated (bottom) isotopic pattern for the peak of 

[(VIVO)2(L4)2+2H]2+ detected in the ESI-MS(+) spectrum of the system VIVO2+-L4 at 1:1 

molar ratio (LC-MS H2O, ligand concentration 50 µM). 

  

0,03

0,05

0,07

0,09

In
te

n
si

ty

0

10

20

30

40

50

60

70

80

90

100

%
 f
o
rm

a
tio

n
 r

e
la

tiv
e
 t
o
 V

Obs-Calc intensity (unweighted)

4 6 8 10
pH (obs)

-0,010
-0,005

0
0,005
0,010

va
lu

e

0

0,2

0,4

0,6

0,8

In
te

n
si

ty

ignored 

220 260 300 340 380
wavelength

0

va
lu

e



Pharmaceuticals 2021, 14, 1037 13 of 17 
 

 

Figure S16. Experimental (top) and calculated (bottom) isotopic pattern for the peak of 

[(VIVO)2(L4)2+H]+ detected in the ESI-MS(+) spectrum of the system VIVO2+-L4 at 1:1 molar 

ratio (LC-MS H2O, ligand concentration 50 µM). 

 

Figure S17. ESI-MS(+) spectrum recorded on the system VIVO2+-L9 at 1:1 molar ratio (LC-

MS MeOH, ligand concentration 5 µM). 

 

Figure S18. Experimental (top) and calculated (bottom) isotopic pattern for the peak of 

[(VIVO)2(L9)2+2H]2+ detected in the ESI-MS(+) spectrum of the system VIVO2+-L9 at 1:1 

molar ratio (LC-MS MeOH, ligand concentration 5 µM). 
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Figure S19. Experimental (top) and calculated (bottom) isotopic pattern for the peak of 

[(VIVO)2(L9)2+H]+ detected in the ESI-MS(+) spectrum of the system VIVO2+-L9 at 1:1 molar 

ratio (LC-MS MeOH, ligand concentration 5 µM). 

 

Figure S20. Experimental (top) and calculated (bottom) isotopic pattern for the peak of 

[(VV2O3)(VIVO2)2(L9)4+3H]3+  detected in the ESI-MS(+) spectrum of the system VIVO2+-L9 at 

1:1 molar ratio (LC-MS H2O, ligand concentration 50 µM). 
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Figure S21. 1D 1HNMR spectra of free ligands L4 (bottom) and L9 (top) in MeOD. 
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Figure S22. NMR HSQC of L4 and L9 ligands in MeOD. 
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Figure S23. 1D 1HNMR spectra of L4-VIVO2+ system in MeOD at different L4:VIVO2+ ratios. 

 

 

Figure S24. Comparison of 2D 1H-1H NMR COSY spectra of L4 free (blue) and L4-VIVO2+ 

(red) systems in MeOD solution. 


