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Spectral Response calculation (experimental) 
 
The spectral response of the PL setup was calibrated over the visible wavelength 
range trough a certified spectral fluorescence standard kit (Sigma-Aldrich). The 
quantum yields (QY) of UFQD samples were estimated by using standard reference 
fluorophore solutions, i.e. both quinine sulfate and 9,10-diphenyl-anthracene (DPA) 
with an absorbance < 0.05 OD in the whole excitation/emission range, and the well-
established formula: 
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where 𝑄𝑌𝑅𝑒𝑓  and 𝐼𝑅𝑒𝑓 are the quantum yield and the integrated PL emission of the 

standard reference solution, 𝑛Solvent the refractive index of the solvent and 𝐴𝑏𝑠𝑅𝑒𝑓 

the absorbance at the excitation wavelength of the standard reference solution, 
while 𝑄𝑌𝑆𝑎𝑚𝑝𝑙𝑒  and 𝐼𝑆𝑎𝑚𝑝𝑙𝑒  are the quantum yield and the integrated PL emission 

of the UFQD solution, 𝑛Water is the refractive index of water and 𝐴𝑏𝑠𝑆𝑎𝑚𝑝𝑙𝑒  the 

absorbance at the excitation wavelength of the UFQD solution.   



Figure S1 – Atom numbering of the structure CQDOT-Cd2+ with no explicit water 
molecules 

 

  



  

Tab S1 - Cartesian coordinates of the system CQDOT- Cd2+ with no explicit water 

molecules  

  



Figure S2 – Atom numbering of the structure CQDOT-Pb2+ with no explicit water 
molecules 

 
  



 

 

 

Tab S2 - Cartesian coordinates of the system CQDOT- Pb2+ with no explicit water 

molecules  

  



Figure S3 – Atom numbering of the structure CQDOT-Cd2+ with three explicit water 

molecules  

  



Tab S3 - Cartesian coordinates of the system CQDOT- Cd2+ with three explicit water 

molecules  

  



Figure S4 – Atom numbering of the structure CQDOT-Pb2+ with three explicit water 

molecules 

   



Tab S4 - Cartesian coordinates of the system CQDOT- Pb2+ with three explicit water 

molecules  



Details on PCM method and electronic spectra calculations 

 

PCM – Polarizable Continuum Model (of solvation) 

According to the model, the charge distribution of the target molecule (or group of 

molecules/ions) identified as solute, is embedded into a given volume of space (the 

``molecular cavity'') dug into an infinite continuum dielectric (the solvent) 

characterized by specific macroscopic properties (density, refractive index, dielectric 

permittivity , etc.). The field produced by the solute charges into the exterior 

volume interacts with the solvent itself (described as a polarizable dielectric), and 

leads to the establishment of an apparent surface charge distribution  on the cavity 

surface. A new field, called reaction field, is produced in response to such charge 

and it can ultimately modify the previous solute charge distribution. The 

combination of solute and solvent reaction fields can be analytically treated, so that 

a final state in which both distributions are mutually equilibrated is obtained. 

Within the quantum mechanical framework, the interactions between solvent and 

solute are modeled through specific (perturbation or reaction) operators of the 

solute Hamiltonian. 

The Schrödinger equation describing the system becomes  

(𝐻0 + 𝑉𝑅𝑒𝑎𝑐)|𝜓 >= 𝐸|𝜓 > 

where H0 is the Hamiltonian in the absence of the solvent. 

The solvent operator VReac acting on  depends on the surface apparent charge  

and ultimately, as said before, on the solute charge distribution (i.e. the solute 

wavefunction ). This mutual interactions between  and VReac assures that the 

solution of the equation represents an equilibrated solute–solvent system. 

 

Calculation of electronic spectra 

 

Regarding the electronic transitions, the Gaussian program outputs the 

energy/wavelength value of the transition as well as the ``Oscillator Strength'' f, an 

adimensional quantity that is related to the Dipole Strength D stored internally by 

the relation 
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In turn, the dipole strength is linked to �̅�, the excitation energy (in wavenumbers, i. 

e. the reciprocal of wavelength) and to 𝜖𝑖
𝑚𝑎𝑥, the intensity at the maximum (i. e. 

when the incident radiation �̅� = 𝜈�̅� ) by 
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In these equations N is the Avogadro constant, e is the electron charge, me the 

electron mass, c the speed of light, h the Planck constant and σ is the standard 

deviation (bandwidth) equal to the half-width of the band when 𝜖 = 𝜖𝑚𝑎𝑥/𝑒 if the 

band shape is Gaussian. 

To obtain simulated UV-Vis spectra comparable to experimental ones, the software 

Gaussview was used. The code assigns a Gaussian band shape 
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to every calculated absorption/emission transition and plots the convolution of all 

the bands. For the calculations of these spectra, the broadening assigned to each 

transition was 0.333 eV (as Half Width at Half Height).  

See the webpage https://gaussian.com/uvvisplot/ for further details- 

  

https://gaussian.com/uvvisplot/


Wavefunction analysis 

 

1) Mulliken Partial charges of ground (GS) and excited (ES) states and their 

differences for models without explicit water. 

The charge of hydrogen atoms is condensed in the heavy atom. Refer to 

figures/tables S1 and S2 for atom labeling.  

 

 



2) Inter Fragment Charge Transfer IFCT (Sang, S.; Chen, F.; Zhang, C, Int. J. 

Quantum. Chem 121(6) e26522(2021) https://doi.org/10.1002/qua.26522  

 

A) IFCT for UFQD-Cd2+ without explicit water 

 

Ring A: atoms 1,4,5,6; ring B: 2,3,7,8,9,10; ring C: 15,16,17,18; ring D: 

19,20,21,22; ring E: 11,12,13,14; Cd: 38. See figures/tables S1 for atom 

numbering 

 

Input atom indices for fragment   1, e.g. 1,4,8-12,15 

1,4,5,6 

 Input atom indices for fragment   2, e.g. 1,4,8-12,15 

2,3,7,8,9,10 

 Input atom indices for fragment   3, e.g. 1,4,8-12,15 

15,16,17,18 

 Input atom indices for fragment   4, e.g. 1,4,8-12,15 

19,20,21,22 

 Input atom indices for fragment   5, e.g. 1,4,8-12,15 

11,12,13,14 

 Input atom indices for fragment   6, e.g. 1,4,8-12,15 

38 

 Contribution of each fragment to hole and electron: 

  1  Hole:   6.37 %     Electron:   7.06 % 

  2  Hole:  23.94 %     Electron:  39.76 % 

  3  Hole:  30.09 %     Electron:  18.32 % 

  4  Hole:  23.60 %     Electron:  17.32 % 

  5  Hole:  10.51 %     Electron:  14.11 % 

  6  Hole:  0.00 %     Electron:  0.00 % 

 

 Variation of population number of fragment  1:   0.00523 

 Variation of population number of fragment  2:   0.14455 

 Variation of population number of fragment  3:  -0.11737 

 Variation of population number of fragment  4:  -0.06427 

 Variation of population number of fragment  5:   0.03186 

 Variation of population number of fragment  6:   0.00000 

 

 Intrafragment electron redistribution of fragment  1:   0.00450 

 Intrafragment electron redistribution of fragment  2:   0.09518 

 Intrafragment electron redistribution of fragment  3:   0.05513 

 Intrafragment electron redistribution of fragment  4:   0.04088 

 Intrafragment electron redistribution of fragment  5:   0.01484 



 Intrafragment electron redistribution of fragment  6:   0.00000 

 

 Transferred electrons between fragments: 

  1 ->  2:   0.02531       1 <-  2:   0.01690     Net  1 ->  2:   0.00841 
  1 ->  3:   0.01167       1 <-  3:   0.02124     Net  1 ->  3:  -0.00957 
  1 ->  4:   0.01103       1 <-  4:   0.01666     Net  1 ->  4:  -0.00564 
  1 ->  5:   0.00899       1 <-  5:   0.00742     Net  1 ->  5:   0.00156 
  1 ->  6:   0.00000       1 <-  6:   0.00000     Net  1 ->  6:   0.00000 
  2 ->  3:   0.04387       2 <-  3:   0.11961     Net  2 ->  3:  -0.07574 
  2 ->  4:   0.04146       2 <-  4:   0.09384     Net  2 ->  4:  -0.05238 
  2 ->  5:   0.03379       2 <-  5:   0.04180     Net  2 ->  5:  -0.00801 
  2 ->  6:   0.00000       2 <-  6:   0.00000     Net  2 ->  6:   0.00000 
  3 ->  4:   0.05211       3 <-  4:   0.04325     Net  3 ->  4:   0.00885 
  3 ->  5:   0.04246       3 <-  5:   0.01927     Net  3 ->  5:   0.02320 
  3 ->  6:   0.00000       3 <-  6:   0.00000     Net  3 ->  6:   0.00000 
  4 ->  5:   0.03332       4 <-  5:   0.01821     Net  4 ->  5:   0.01511 
  4 ->  6:   0.00000       4 <-  6:   0.00000     Net  4 ->  6:   0.00000 
  5 ->  6:   0.00000       5 <-  6:   0.00000     Net  5 ->  6:   0.00000 

 

Delta-r index: 1.39682 (see ref. 32). r  1.5 Bohr is the threshold to separate a 

valence transition from a charge-transfer transition  

Lambda index: 0.84525 

Transition dipole moment: 3.037 a. u. 

  



B) IFCT for UFQD-Pb2+ without explicit water 

Ring A: atoms 1,4,5,6; ring B: 2,3,7,8,9,10; ring C: 15,16,17,18; ring D: 19,20,21,22; 

ring E: 11,12,13,14; Pb: 38. See figures/tables S2 for numbering 

 

Input atom indices for fragment   1, e.g. 1,4,8-12,15 

1,4,5,6 

 Input atom indices for fragment   2, e.g. 1,4,8-12,15 

2,3,7,8,9,10 

 Input atom indices for fragment   3, e.g. 1,4,8-12,15 

15,16,17,18 

 Input atom indices for fragment   4, e.g. 1,4,8-12,15 

19,20,21,22 

 Input atom indices for fragment   5, e.g. 1,4,8-12,15 

11,12,13,14 

 Input atom indices for fragment   6, e.g. 1,4,8-12,15 

38 

 Contribution of each fragment to hole and electron: 

  1  Hole:   7.54 %     Electron:   6.54 % 

  2  Hole:  24.09 %     Electron:  38.87 % 

  3  Hole:  29.30 %     Electron:  17.67 % 

  4  Hole:  22.02 %     Electron:  13.39 % 

  5  Hole:  11.68 %     Electron:  19.32 % 

  6  Hole:   0.00 %     Electron:   0.62 % 

  

 Variation of population number of fragment  1:  -0.01081 

 Variation of population number of fragment  2:   0.13559 

 Variation of population number of fragment  3:  -0.11529 

 Variation of population number of fragment  4:  -0.08553 

 Variation of population number of fragment  5:   0.07022 

 Variation of population number of fragment  6:   0.00583 

 

 Intrafragment electron redistribution of fragment  1:   0.00493 

 Intrafragment electron redistribution of fragment  2:   0.09365 



 Intrafragment electron redistribution of fragment  3:   0.05179 

 Intrafragment electron redistribution of fragment  4:   0.02949 

 Intrafragment electron redistribution of fragment  5:   0.02258 

 Intrafragment electron redistribution of fragment  6:   0.00000 

 

 Transferred electrons between fragments: 

  1 ->  2:   0.02931       1 <-  2:   0.01576     Net  1 ->  2:   0.01356 

  1 ->  3:   0.01333       1 <-  3:   0.01917     Net  1 ->  3:  -0.00584 

  1 ->  4:   0.01010       1 <-  4:   0.01440     Net  1 ->  4:  -0.00430 

  1 ->  5:   0.01457       1 <-  5:   0.00764     Net  1 ->  5:   0.00693 

  1 ->  6:   0.00047       1 <-  6:   0.00000     Net  1 ->  6:   0.00046 

  2 ->  3:   0.04257       2 <-  3:   0.11391     Net  2 ->  3:  -0.07133 

  2 ->  4:   0.03227       2 <-  4:   0.08558     Net  2 ->  4:  -0.05332 

  2 ->  5:   0.04655       2 <-  5:   0.04542     Net  2 ->  5:   0.00113 

  2 ->  6:   0.00149       2 <-  6:   0.00001     Net  2 ->  6:   0.00148 

  3 ->  4:   0.03925       3 <-  4:   0.03891     Net  3 ->  4:   0.00034 

  3 ->  5:   0.05662       3 <-  5:   0.02065     Net  3 ->  5:   0.03597 

  3 ->  6:   0.00181       3 <-  6:   0.00001     Net  3 ->  6:   0.00181 

  4 ->  5:   0.04254       4 <-  5:   0.01565     Net  4 ->  5:   0.02689 

  4 ->  6:   0.00136       4 <-  6:   0.00000     Net  4 ->  6:   0.00136 

  5 ->  6:   0.00072       5 <-  6:   0.00001     Net  5 ->  6:   0.00072 

Delta-r index: 1.46032 Bohr (see ref. 32). r  1.5 Bohr is the threshold to separate a 
valence transition from a charge-transfer transition  

Lambda index: 0.83280  

Transition dipole moment: 2.917 a. u. 

 

 


