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1. NMR and HRMS spectra of GFZnP BIPY 

 

Fig. S1. 1H NMR spectrum of GFZnP BIPY complex recorded at 400 MHz in DMSO-d6. 

 

Fig. S2. 1H NMR spectrum of GFZnP BIPY - Zn2+ complex recorded at 400 MHz in DMSO-d6. 
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Fig. S3. 13C NMR spectrum of GFZnP BIPY - Zn2+ complex recorded at 101 MHz in DMSO-d6. 

 

Fig. S4. HSQC spectrum of GFZnP BIPY - Zn2+ complex recorded at 400 MHz in DMSO-d6. 

                                                                

         

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
  
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
  
 
  
 
 
 

 
 
 
  
 

 
 
 
  
 
  
 

 
 
 
  
 
  
 

 
 
 
  
 

 
 
 
  
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

 
 
 
  
 

       

     

  

  
  

  

  

    
 

 
  

   
 

  

                      

       

 

  

  

  

  

   

   

   

   

   

   

   

 
  
  
 
 

       

  

  

 

 

  

     

     

  

 

 

 

 
      

    

  
       

    
       

  

 

         

       

   

   

   

   

 
  
  
 
 



S4 

 

Fig. S5. HMBC spectrum of GFZnP BIPY - Zn2+ complex recorded at 400 MHz in DMSO-d6. 

 

Fig. S6. COSY spectrum of GFZnP BIPY - Zn2+ complex recorded at 400 MHz in DMSO-d6. 
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Fig. S7. ROESY spectrum of GFZnP BIPY - Zn2+ complex recorded at 400 MHz in DMSO-d6. 

 

Fig. S8. TOCSY spectrum of GFZnP BIPY - Zn2+ complex recorded at 400 MHz in DMSO-d6. 
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Fig. S9. 15N HMBC spectrum of GFZnP BIPY - Zn2+ complex recorded at 41 MHz in DMSO-d6. 

 

Fig. S10. Zoomed out NMR spectra of solutions of GFZnP BIPY in DMSO-d6 containing different amounts of Zn2+ 

recorded at 400 MHz. 
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Fig. S11. HRMS spectrum of GFZnP BIPY. 

 

Fig. S12. HPLC-DAD chromatogram of GFZnP BIPY detected in the 350 - 450 nm absorption range, after 4 months of 
storage at room temperature in a 5 mM DMSO:EtOH 1:1 solution. 
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2. Additional spectroscopic data  

 

Fig. S13. Binding kinetics of the reported probe represented by a 4-minute time course measurement of 4 μM GFZnP BIPY 
in HEPES pH 7.4 buffer to which concentrated Zn(OTf)2 solution was added (100x dilution from a 100 mM Zn2+ solution in 

deionized water, resulting in a 1 mM final concentration). 

 

Fig. S14. (A) normalized fluorescence spcetra and (B) absorption spectra of 4 μM GFZnP BIPY in different solvents. 

 

 

Fig. S15. Absorption spectra of 4 μM GFZnP BIPY in free (blue) and 1 mM Zn2+ containing (red) pH buffers.  
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Fig. S16. Calibration line obtained by recording the fluorescence of GFZnP BIPY (33.3 μM in HEPES pH 7.4) in the 
presence of different quantities of total Zn2+ and the parameters of the fitted calibration line.  
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Fig. S17. Absorption spectrum of an aqueous saturated solution of GFZnP BIPY used for the determination of solubility.  



S10 

3. Additional biological data  

 

Fig. S18. Composite images of control and GFZnP BIPY dyed HEK293 cells 30 and 60 minutes after staining. Blue 

channel: Hoechst 33342, red channel: propidium iodide. Scale bars represent 200 μm. 
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Fig. S19. Cell viabilities of HEK 293 cells stained with GFZnP BIPY measured 30 and 60 minutes after the staining. For both 
measurement lengths, one sample 10x magnification image was taken from two unstained control wells and two stained 
wells of a 24-well plate. Error bars represent the standard deviation. Each field of view contained 1441 – 2568 cells.  

 

 

Fig. S20. Colocalization study of GFZnP BIPY (green), with the nuclei (blue) and cell membranes (purple). 
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Fig. S21.Colocalization study of GFZnP BIPY (green), with the nuclei (blue) and mitochondria (red). 
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4. Theoretical studies 

 

Scheme S1. ΔH difference between different E and Z geometries in the case GFZnP BIPY. Yellow lines show hydrogen 
bonds (HB) with stabilizing effects, that determine the most stable probe geometry. Calculation was carried out at M06-
2X/6-311++G(2d,2p)//PCM(water) level of theory. 

To model the complex formation, DFT calculations were used. The stability of each possible complex was estimated by the 
enthalpy of its formation from the most stable conformer of the free probe and a hexahydrate of Zn2+ as shown below: 

Only complexation (Complex A, B, D): Zn2+(H2O)6 + L–H → [L–H–Zn]2+ + 6 H2O 
ΔHc = (H[L–H–Zn]2+ + 6HH2O) – (H[L–H] + HZn2+(H2O)6) 
Complexation + deprotonation (Complex C, E, F):  
Zn2+(H2O)6 + L–H → [L–Zn]2+⋅x H2O  + H3O+ + 5-x H2O 

ΔHc = [H[L–Zn]2+⋅x H2O  + (5-x)HH2O + HH3O+] – (H[L–H] + HZn2+(H2O)6) 
The free probe and complex were calculated at M06-2X/6-311++G(2d,2p)//PCM(water) level of theory.In these models, we 
needed to accurately predict the enthalpy of protonation (HH3O+) and desolvatation (HH2O) accurately. To earn this, modelling 
water and oxonium ions alone would not be enough, since in a condensed face both create stable hydrogen bonds with 
surrounding molecules, that need to be considered during the model creation. An accurate way to predict these quantities is 
to consider a multitude of water molecules from which a single water molecule is removed (HH2O) or to which a proton is 
added (HH3O+). The formation enthalpy of water was modelled using an 8-membered water cluster from which a single water 
molecule is removed as shown in Scheme S2. 

 

Scheme S2. The 8-membered waters clusters used for modelling solvation.  

Table S1. Computed thermodynamic quantities of the 8-membered water clusters used for modelling solvation. ZPE is the 
zerus point energy, calculated at M06-2X/6-311++G(2d,2p) level of theory. 

Quantity E ZPE U H G S 

kJ   l   -200503.7 -200438.6 -200430.9 -200430.9 -200452.4 71.96 

 artree -76.44060235 -76.415791 -76.412864 -76.412863 -76.421042 71.96 

 

Analogously, a proton was added to the same 8-membered cluster to model the effect of deprotonation as shown in 

Scheme S3. 
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Scheme S3. The 8-membered waters clusters used for the proton solvation. 

Table S2. Computed thermodynamic quantities of the 8-membered water clusters used for modelling the protonation. 
ZPE is the zerus point energy, calculated at M06-2X/6-311++G(2d,2p) level of theory. 

Quantity E ZPE U H G S 

kJ   l                                                 

 artree                                                           

The calculated ΔH values and the optimized probe and complex geometries are summarized in Table S3. 

The protonation of heteroatoms in side-chains may further complicate the binding calculations, however, in this study we 
have not considered such effects. 
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Table S3. The sum enthalpy values relative to the free-form (ΔHc) in kJ mol–1 for various complex models of selected probes calculated at M06-2X/6-311++G(2d,2p)//PCM(water) level of theory. 
λabs and λem , ε and osc. str. values were calculated at B3LYP/6-311++G(2d,2p)//PCM(water) level of theory, where osc. str. = oscillatory strength. Green fill color highlights the most stable 
species.  

 

       
 

 

 

 
Free probe A 

L–H 

Free probe B 
L–H 

In accordance 
with UV-VIS 

Free probe C 
L–H 

Complex A 
L–H : Zn2+ 

Complex B 
L- : Zn2+ 

Complex C 
L- : Zn2+ 

Complex D 
L–H : Zn2+ : 3 H2O 

Complex E 
L- : Zn2+ : 3 H2O 
In accordance 

with NMR & UV-
VIS 

Complex F 
L- : Zn2+ : 3 H2O 

Hc [kJ 
mol–1] 

0.0 0.3 12.7 -69.7 -40.4 -40.7 -121.5 -82.9 -107.9 

λabs [nm] 
(osc str.) 

Max 408 
413 (0.918) 

Max 394 
403 (0.983) 

423 (1.152) 419 (0.801) 
max 438 

477 (0.403) 
424 (0.656) 

max 432 
461 (0.526) 
405 (0.637) 

max 433 
468 (0.577) 
413 (0.567) 

max 420 
425 (0.836) 

max 441 
469 (0.637) 
418 (0.487) 

  [dm3 mol-1 

cm-1] 
38950 43200 47000 36000 37850 40700 39400 36950 38900 

em [nm] 
(osc str.) 

440 (0.769) 472 (0.993) 516 (1.18) 469 (0.162) max 519 (0.237) max 432 (0.257) 454 (0.729) 524 (0.976) 
586 (0.900) 
470 (0.201) 

 

Fig. S22. Hypothesized complex equilibrium and complex structures of GFZnP BIPY at different Zn2+ equivalency (0.4-0.6 eq. and >1. eq.). 
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4.1 Raw computational data 

Table S4. Computed energies (E), zero point energies, internal energies (U), enthalpies (H) and Gibbs free energies (G) given in Hartree as well as entropies (S) given in J mol–1 K–1 at 
M06-2X/6-311++G(2d,2p) basis set with the consideration of PCM solvent method using the parameter set of water for small molecules and ions. 

Name Filename E ZPE U H G S 

7 H2O 000aaa_5_H2O_+2H2O_M062X_6311++2d2p_PCMw.log -535.08135498 -534.908272 -534.889627 -534.888683 -534.956561 142.860 

8 H2O 000aaa_5_H2O_+3H2O_M062X_6311++2d2p_PCMw.log -611.52195733 -611.324063 -611.302491 -611.301546 -611.377603 160.075 

8 H2O +H+ 001aaa_5_H2O_+3H2O_+H+_M062X_6311++2d2p_PCMw.log -611.95348042 -611.743757 -611.723174 -611.722230 -611.795309 153.808 

Zn2+(H2O)6 000aaa_Zn2+_6H2O_M062X_6311++2d2p_PCMw.log -2237.69628717 -2237.546664 -2237.528735 -2237.527791 -2237.590689 132.381 

 

Table S5. Computed energies (E), zero point energies, internal energies (U), enthalpies (H) and Gibbs free energies (G) given in Hartree as well as entropies (S) given in J mol–1 
K–1 at M06-2X/6-311++G(2d,2p) basis set with the consideration of PCM solvent method using the parameter set of water for compound. 

Nu b r Na   Fil  a   E ZPE U H G S 

fr    rob  A     er E  taut  er    _   a e_GFP_b   r   l_M   X_    ++    _P Mw l g                                                                            

fr    rob  B 
    er E 
taut  er   

_   abe_GFP_b   r   l_M   X_    ++    _P Mw l g                                                                            

fr    rob  C 
    er Z 
taut  er   

_   aa _GFP_b   r   l_M  _ X_    ++    _P Mw l g                                                                            

Co  l x A  _   aae_GFP_b   r   l_Z  +_M   X_    ++    _P Mw l g                                                                            

Co  l x B  _   bae_GFP_b   r   l  +_Z  +_M   X_    ++    _P Mw l g                                                                            

Co  l x C  _   bbe_GFP_b   r   l  +_Z  +_M   X_    ++    _P Mw l g                                                                            

Co  l x D  _   aae_GFP_b   r   l_Z  +_+    _M   X_    ++    _P Mw l g                                                                            

Co  l x E  _   aae_GFP_b   r   l   +_Z  +_+    _M   X_    ++    _P Mw l g                                                                            

Co  l x F  _   abe_GFP_b   r   l   +_Z  +_+    _M   X_    ++    _P Mw l g                                                                            
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4.2 The coordinates of computed geometries 
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hydrat d Z  io :    aaa_Z  +_    _M   X_    ++    _P Mw l g 
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fr    rob  C: _   aa _GFP_b   r   l_M  _ X_    ++    _P Mw l g 
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fr    rob  B: _   abe_GFP_b   r   l_M   X_    ++    _P Mw l g 
 
Sta  ar   r e tat   : 
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fr    rob  A: _   a e_GFP_b   r   l_M   X_    ++    _P Mw l g 
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Co  l x A: _   aae_GFP_b   r   l_Z  +_M   X_    ++    _P Mw l g 
 
Sta  ar   r e tat   : 
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Co  l x B: _   bae_GFP_b   r   l  +_Z  +_M   X_    ++    _P Mw l g 
 
Sta  ar   r e tat   : 
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Co  l x C: _   bbe_GFP_b   r   l  +_Z  +_M   X_    ++    _P Mw l g 
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Co  l x D: _   aae_GFP_b   r   l_Z  +_+    _M   X_    ++    _P Mw l g 
 
Sta  ar   r e tat   : 
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Co  l x E: _   aae_GFP_b   r   l   +_Z  +_+    _M   X_    ++    _P Mw l g 
 
Sta  ar   r e tat   : 
                                                                       
  e ter      t           t                    r   ate     g tr     
  u ber      u ber        y e             X           Y           Z 
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Co  l x-F: _   abe_GFP_b   r   l   +_Z  +_+    _M   X_    ++    _P Mw l g 
 
Sta  ar   r e tat   : 
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