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1. Absorption Values 
 
(Base on optimized ground structure) 
Key words:  #p 6-311g(d) o3lyp TD(nstates=50) IOp(9/40=4)  
multiplicity = 1 

 

 

 
Figure S1. The absorption spectra. 
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Table S1. Comparison between experimental and calculated wavelength of DABNA-1 and v-DABNA, in the computational 

level of B3LYP/6-31G (d). 

Compound 
Experimental  Calculated 

λ[Abs] (nm) λ[PL] (nm)  λ[Abs] (nm) λ[Em] (nm) 

DABNA-1 437 16 462 16  396 428 

v-DABNA 457 17 468 17  427 437 

 

Table S2. The excited energy (eV), wavelength (nm), frequency (1000 cm-1) and oscillator strength of different excited states for 

Core3. (Calculated by Multiwfn) 

 
 

Table S3. The percentage of holes or electrons each atom contributes of Core3. The sum of hole and electron showed above is both 

100.00%. (Calculated by Multiwfn) 
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2. Emission Values 
#p opt TD o3lyp/6-311g(d) 
multiplicity = 1 
Table S4. Emission values of Core1, Core2 and Core3. 

Cores Excit.energy(eV nm Oscil.str. 

1 2.6927 460.45 0.0808 

2 2.6471 468.37 0.1265 

3 2.9544 419.66 0.1323 

 

3. Ground states 
Key words:   #p opt freq b3lyp/6-31g(d) EmpiricalDispersion=GD3BJ  
multiplicity = 1 

 

  

 

Figure S2. Ground state structure and energy level of Core1, Core2 and Core3. 
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Figure S3. The main contributing orbitals of hole and electron of Core3-2f. (MO 288, Hole: 14.618 %, Electron: 0.000 %; MO 

289, Hole: 83.916 %, Electron: 0.000 %; MO 290, Hole: 0.000 %, Electron: 83.963 %; MO 291, Hole: 0.000 %, Electron: 14.804 %.) 

 

 
Figure S4. The distribution of HOMO (a), LUMO (b) of DABNA-1, and distribution of HOMO (c), LUMO (d) of v-DABNA. 

The results are performed in B3LYP-D3(BJ)/6-31G(d) with Gaussian 16 package. 
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Figure S5. The designed structure of Core3-2F (a), Core3-4F (b), Core3-CF3 (c) and Core3-CZ (d). 

 

 

Figure S6. The structure and twist angle of Core3-2F (a), Core3-4F (b), Core3-CF3 (c) and Core3-CZ (d).  
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4. Triplet State and delta Est 
For Vertical Energy of Est 
Key words:  #p o3lyp/6-311g(d) TD(triplet) IOp(9/40=4) 
multiplicity = 1 
 
For Adiabatic Energy of Est 
Key words:  #p opt freq 6-31g(d) o3lyp 
multiplicity = 3 
 
Table S3. Vertical and adiabatic delta Est values of Core3, DABNA-1 and ν-DABNA. 

Compound 
optimized 

structure 
transition 

energy 

/eV 
E 

energy 

Hartree/eV 

Core3 S0 S0-S1 2.9917 S0 -1721.360863 

  S0-T1 2.6957 S1 -1720.701951 

 S1 S1-S0 3.1323 T1 -1720.710675 

  Vertical energy 0.293 Adiabatic Energy 0.237277568       

DABNA-1 S0 S0-S1 2.9468 S0 -1290.408979 

  S0-T1 2.5141 S1 -1289.924902 

 S1 S1-S0 2.7014 T1 -1289.936194 

  Vertical energy 0.4327 Adiabatic Energy 0.307143216 
      

ν-DABNA S0 S0-S1 2.7027 S0 -3383.588534 

  S0-T1 2.4311 S1 -3382.467873 

 S1 S1-S0 2.6471 T1 -3382.476486 

  Vertical energy 0.2716 Adiabatic Energy 0.234269792 
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5. Hole and Electron Analysis 

Brief introduction of the hole-electron analysis: D, Sr, t, HDI, EDI indexes are defined below. [S1] 

1. D   

The total magnitude of charge transfer (CT) length is referred to as D index: 𝑫 =  ට𝑫𝒙 + 𝑫𝒚 + 𝑫𝒛  
where DX, DY and DZ represent the distances between the centroid of hole and electron in corresponding 

directions. 

2. Sr  

To characterize overlapping extent of hole and electron, Sr index are defined as follows: 

𝑺𝒓  =  න 𝑺𝒓(𝒓)𝑑𝒓 =  න ට𝝆𝒉𝒐𝒍𝒆(𝒓)𝝆𝒆𝒍𝒆(𝒓)𝑑𝒓 

where 𝝆𝒉𝒐𝒍𝒆 and 𝝆𝒆𝒍𝒆 are the hole and electron densities. 

3. t, H   

t is designed to measure separation degree of hole and electron in CT direction: 𝒕 = 𝑫 − 𝑯𝑪𝑻 𝑯𝑪𝑻 = | ( |𝝈௘௟௘| + |𝝈௛௢௟௘| )/2 ·  𝒖஼் | 
where 𝒖஼்  is unit vector in CT direction and can be straightforwardly derived using centroid of hole and 

electron. The |𝝈௘௟௘| and |𝝈௛௢௟௘| are referred to as  𝝈௘௟௘ and 𝝈௛௢௟௘ indices, they measure overall RMSD of hole 

and electron, respectively. 

4. HDI, EDI   

The hole delocalization index (HDI) and electron delocalization index (EDI) are defined as follows: 

𝑯𝑫𝑰 = 100 ×  ඨනሾ𝝆𝒉𝒐𝒍𝒆(𝒓)ሿଶ𝑑𝒓 

𝑬𝑫𝑰 = 100 ×  ඨනሾ𝝆𝒆𝒍𝒆(𝒓)ሿଶ𝑑𝒓 
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