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1H NMR titration 

The following is a typical procedure for 1H NMR titration: 1 mL of a 2 mM solution 

of host in acetone-d6 was placed in a 5 mm NMR tube and an initial spectrum was 

taken. A measured amount of a 100 mM solution of guest (as methyl 

trioctylammonium salt) in the same solvent was added changing the molar fraction 

of guest to about 0, 0.5, 1, 1.5, 2, 3, 5, 10, 20, 30. Spectra were recorded after each 

addition. The chemical shift variation of the host signals was collected and the 

binding constants  (as log K) were calculated by curve fitting method 1 using the 

commercial HypNMR20082 program. Estimated errors ≤ 10% unless otherwise 

stated. 
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Titration of quercetin (1) 2 mM with chloride 100 mM in acetone-d6  

 

 

Figure S1. Quercetin 

HYPNMR fitting data output for Cl– binding by quercetin (1) calculate from H6-

H8 protons (ring A). 

 

HypNMR2008 



4 
 

Refinement concluded at  16:34:26  on 28/02/2018  

Data from C:\Users\Fantin\Desktop\Q-Cl 1H   (H6-H8). 

Project title: TITRATION OF QUERCETIN + CHLORIDE RING A by 1H NMR 

 

Converged in 5 iterations with sigma = 2,852036 

 

                                               standard 

                                  value     deviation   Comments 

 1 log beta([Cl][Q])  2.9492    0.0964      2.95(1) 

HYPNMR fitting data output for Cl– binding by quercetin (1) calculate from 

H2’-H5’-H6’ protons (ring B). 

 

 

HypNMR2008 

Refinement concluded at  16:52:17  on 28/02/2018  

Data from C:\Users\Fantin\Desktop\Q-Cl 1H   (H2'-H5'-6'). 

Project title: TITRATION OF QUERCETIN + CHLORIDE RING B by 1H NMR 

 

Converged in 8 iterations with sigma = 4,143066 
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                                                standard 

                                  value      deviation   Comments 

 1 log beta([Cl][Q])  4.5958                      relative error on beta = 36% 

 

 

 

 

 

 

 

 

Titration of quercetin (1) 2 mM with bromide 100 mM in acetone-d6  

 

 

 

Figure S2. Variations of a portion of 1H NMR spectrum (400 MHz) of Quercetin (1) 

(concentration = 2.99 mM) during its titration with Bromide. The molar fractions of guest 

are 0, 0.34, 0.68, 1.03, 1.34, 2.05, 3.42, 5.47, 10.27, 17.11 from top to bottom.  
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HYPNMR fitting data output for Br– binding by quercetin (1) calculate from H6-

H8 protons (ring A). 

 

 

 

HypNMR2008 
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Refinement concluded at  17:48:30  on 12/11/2018  

Data from C:\Users\Fantin\Desktop\QUERCETIN\HYPERNMR BUONO\Q + Br by 1H 

NMR\(B) Quer Bromuro  1H Ring A.  

 

Converged in 4 iterations with sigma = 17,928866 

 

                                                    standard 

                                      value     deviation   Comments 

 1 log beta(BromideQ)  1.609     0.084       1.61(8) 

 

 

 

 

 

HYPNMR fitting data output for Br– binding by quercetin (1) calculate from 

H2’-H5’-H6’ protons (ring B). 
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HypNMR2008 

Refinement concluded at  17:42:45  on 12/11/2018  

Data from C:\Users\Fantin\Desktop\QUERCETIN\HYPERNMR BUONO\Q + Br by 1H 

NMR\(B) Quer Bromuro  1H Ring B. 

 

Converged in 4 iterations with sigma = 3,688622 

 

                                       standard 

                                       value     deviation   Comments 

 1 log beta(BromideQ)  1.6194    0.1338      1.6(1) 

 

 

 

 

 

Titration of quercetin diphenylmethylketal (1a) 2 mM with chloride 100 mM in acetone-

d6. 
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Figure S3. Quercetin diphenylmethylketal, 1a. 



9 
 

HYPNMR fitting data output for Cl– binding by quercetin diphenylmethylketal (1a) 

calculated from H6 - H8 protons (ring A). 

 

 

 

HypNMR2008 

Refinement concluded at  12:12:47  on 10/07/2018  

Project title: QKetal  (1a) + Cl by 1H NMR\(B) Titration QKetal-Chloride by 1H- H6,H8.  

 

Converged in 6 iterations with sigma = 1,702190 

 

                                                      standard 

                                       value      deviation   Comments 

 1 log beta([Cl][QKet])  3.0139    0.0622      3.01(6) 

HYPNMR fitting data output for Cl– binding by quercetin diphenylmethylketal (1a) 

calculated from OH7  proton (ring A). 
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HypNMR2008 

Refinement concluded at  12:49:17  on 10/07/2018  

Project title: QKetal  (1a) + Cl by 1H NMR\(B) Titration QKetal-Chloride by 1H-        OH7.  

 

 

Converged in 5 iterations with sigma = 1,338165 

 

                                                      standard 

                                       value      deviation   Comments 

1 log beta([Cl][QKet])  3.0162    0.082       3.02(8) 

 

 

 

 

 

 

Titration of 2',4'-dihydroxyacetophenone (2) 2 mM with chloride 100 mM in acetone-d6. 
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Figure S4. 2’,4’-dihydroxyacetophenone, 2.

HYPNMR fitting data output for Cl– binding by 2',4'-dihydroxyacetophenone (2) 

calculated from  H3’-H5’-H6’ protons. 

 

 

 

HypNMR2008 

Refinement concluded at  14:26:16  on 10/07/2018  

Project title: AF (2) + Cl by 1H NMR\AF + Cl 1H       H- Protons.  

 

Converged in 5 iterations with sigma = 0,567252 

 

                                                  standard 

                                    value     deviation   Comments 
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1 log beta([Cl][AF])  3.0932    0.0232      3.09(2) 

 

HYPNMR fitting data output for Cl– binding by 2',4'-dihydroxyacetophenone (2) 

calculated from  OH4’  proton. 

 

 

 

 

HypNMR2008 

Refinement concluded at 14:30:33 on 10/07/2018  

Project title: AF (2) + Cl by 1H NMR\AF + Cl 1H     OH-Proton.   

 

 

Converged in 5 iterations with sigma = 0,356456 

 

                                                  standard 

                                    value     deviation   Comments 

 1 log beta([Cl][AP])  3.1001    0.0246      3.1(2) 
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Titration of resorcinol 2 mM with chloride 100 mM in acetone-d6. 

 

OH

HO

1

3

4
2

 

Figure S5. Resorcinol. 

 

Figure S6. Variations of a portion of 1H NMR spectrum (400 MHz) of Resorcinol 

(concentration = 2 mM) during its titration with Chloride. The molar fractions of guest 

are 0, 0.99, 1.96, 2.91, 3.85, 5.66, 9.09, 23.08, 28.86 from top to bottom. 
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HYPNMR fitting data output for Cl– binding by resorcinol calculated from H1-

H3-H4 protons. 

 

 

 

HypNMR2008 

Refinement concluded at  14:38:27  on 10/07/2018  

Project title: Resorcinolo + Cl by 1H NMR\Res + Cl  1H    H-Protons.  

 

 

Converged in 4 iterations with sigma = 1,563027 

 

                                                   standard 

                                    value      deviation   Comments 

1 log beta([Cl][Res])  2.3929    0.062       2.39(6) 
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HYPNMR fitting data output for Cl– binding by resorcinol calculated from OH 

proton. 

 

 

 

 

HypNMR2008 

Refinement concluded at  14:46:51  on 10/07/2018  

Project title: Resorcinolo + Cl by 1H NMR\Res + Cl  1H   OH-Proton.  

 

 

Converged in 4 iterations with sigma = 0,431397 
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                                                   standard 

                                     value     deviation   Comments 

 1 log beta([Cl][Res])  2.1198    0.0445      2.12(4) 

 

 

 

 

 

 

 

Titration of catechol 2 mM with chloride 100 mM in acetone-d6. 
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Figure S7. Catechol. 
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Figure S8. Variations of a portion of 1H NMR spectrum (400 MHz) of Catechol 

(concentration = 2 mM) during its titration with Chloride. The molar fractions of guest are 

0, 0.98, 1.94, 2.87, 3.81, 5.61, 9.01, 13.67, 22.87, 33.03 from top to bottom. 

 

 

 

 

 

 

 

 

 

 

HYPNMR fitting data output for Cl– binding by catechol calculated from H2-

H3 protons. 

 

 

 

HypNMR2008 

Refinement concluded at  14:58:56  on 10/07/2018  
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Project title: Catechol + Cl by 1H NMR\new879.  

 

 

Converged in 4 iterations with sigma = 4,946284 

 

                                                   Standard 

                                     value     deviation   Comments 

 1 log beta([Cl][Cat])  3.3635    0.079       3.36(8) 

 

 

 

 

 

 

 

HYPNMR fitting data output for Cl– binding by catechol calculated from OH 

proton. 
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HypNMR2008 

Refinement concluded at 15:05:29 on 10/07/2018  

Project title: Catecolo + Cl by 1H NMR\Catecolo + Cl  1H  OH.  

 

 

Converged in 4 iterations with sigma = 0,870331 

 

                                                   standard 

                                    value      deviation   Comments 

 1 log beta([Cl][Cat])  3.2947    0.1152      3.3(1) 

 

 

 

 

 

 

 

ESI-MS measures 
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Figure S9. Negative-ion mass spectra of the CH3CN solution containing 1 mM of salt Me(Octyl)3M+Cl- 

and 1 mM of quercetin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Computational Methods 
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Geometry optimization was carried out with Gaussian093 using DFT methods. In particular 

the B3LYP functional,4 including the D3 dispersion correction of Grimme5 was used. The 

electronic configuration of the molecular systems was described with the standard split-

valence basis set def2tzvp, which showed to be adequate for that functional.6 The solvent 

effects were modeled as a continuum model based on the polarizable continuum model 

(PCM) of Tomasi’s group considering acetone as a solvent.7 Thus, the level of theory used 

was B3LYP-D3BJ/def2TZVP/PCM=acetone. NCI (non-covalent interactions) were computed 

using the methodology previously described.8 

Data were obtained with the NCIPLOT program.9 A density cutoff of ρ=1.2 a.u. was applied 

and the pictures were created for an isosurface value of s=0.4 and colored in the [-0.3,0.3] 

a.u. sign(λ2)ρ range using VMD software.10 

Molecular dynamic (MD) simulations were carried out using AMBER 16 and AmberTools 

2016.10 The Generalized Amber Force Field (GAFF)12 was used for the complexes 

parametrization and chloroform was employed as solvent, For the simulation, the 

complexes (best geometry from QM calculations) were placed in a rectangular box and 

surrounded by 1000 molecules of chloroform. Before the MD production, the system was 

first minimized and then relaxed over a short period to equilibrate volume and density. 

The MD simulations were performed in the isothermal-isobaric ensemble (NPT) at 300 K 

and 1 bar, under the Periodic Boundary Conditions, using the Langevin thermostat, 

Berendsen barostat, non-bonded interaction cutoff set to 10 Å , no SHAKE constraints, and 

with a time step of 0.5 fs. The trajectory was recorded at 1-ps intervals thus resulting, as an 

example, in 50,000 frames for the 50-ns simulation. Analysis of the trajectory was carried 

out using standard tools of AMBER and VMD.11 
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Geometries 

 

Figure S10. Top: Optimized geometries showing NCI surfaces of quercetin 1. Bottom: Optimized geometries 

of quercetin 1 indicating intramolecular distances for non-covalent interactions (H-bonds). 

 

 

Figure S11. Optimized geometries, showing NCI surfaces, of 1:1 complexes of chloride anion with quercetin. 

Relative energies are given in kcal/mol. Details are given with distances indicated in angstrom. 
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Molecular Dynamics 

 

 

Figure S12. Molecular dynamics simulations for quercetin 1 in complex with two chloride anions located at 

catechol and resorcinol moieties. 
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