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Dye 5 Dye 6 Dye 7 Dye 8

E= -2201.69816 a.u. E= -2453.04786 a.u. E= -2094.18825 a.u. E= -2345.53798 a.u.

Dye 9 Dye 10 Dye 11 Dye 12

E= -2356.93733 a.u. E= -2608.28040 a.u. E= -2249.42742 a.u. E= -2500.77049 a.u.



Dye 13 Dye 14 Dye 15 Dye 16

E= -1928.90406 a.u. E= -2180.26975 a.u. E= -1821.39405 a.u. E= -2072.75978 a.u.

Figure S1: Most stable optimized structures of the dyes 5-16 and their corresponding 
electronic energies.
   



Dye 5/ Dye 6/ Dye 7/ Dye 8/

E= -2201.69793 a.u. E= -2453.04751 a.u. E= -2094.18241 a.u. E= -2345.53198 a.u.

Dye 9/ Dye 10/ Dye 11/ Dye 12/

E= -2356.93709 a.u. E= -2608.28009 a.u. E= -2249.42162 a.u. E= -2500.76452 a.u.



Dye 13/ Dye 14/ Dye 15/ Dye 16/

E= -1928.90377 a.u. E= -2180.26937 a.u. E= -1821.38815 a.u. E= -2072.75375 a.u.

Figure S2: Optimized structures of the least stable dyes 5-16 and their corresponding 
electronic energies.
   

Table S1. Calculated maximum absorption wavelength (λmax/nm) of the designed systems at 

M06-2X/6-31+G* level of theory.

Dyes λmax (nm)
5 428
6 481
7 488
8 527
9 423
10 455
11 485
12 503
13 413
14 431
15 473
16 481



Dye 9 Dye 10 Dye 11 Dye 12

4.56 3.83 4.43 3.60

Figure S3: Calculated energy levels of HOMO and LUMO for dyes 9-12.

Dye 13 Dye 14 Dye 15 Dye 16

4.81 4.07 4.54 3.81

Figure S4: Calculated energy levels of HOMO and LUMO for dyes 13-16.
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Figure S5. Illustration of frontier molecule orbitals of dyes 5-16.
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Figure S6: Calculated absorption spectra of dyes 9-16.

                                  Phenyl containing dye 5        Phenyl containing dye 8

Figure S7.  Phenyl containing dyes 5 and 8.

Table S2. Comparison the electronic properties results of t-Bu containing dyes 5 and 8.

Dyes λmax (nm) LHE ΔGinjection (eV) ΔGreg (eV) μnormal (Debye)

5 418 0.979 -1.74 -0.65 12.11
8 501 0.987 -1.81 -0.09 13.99
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5-CN...I2 6-CN...I2 7-CN...I2 8-CN...I2

Figure S8. Optimized molecular structure of dye...I2 complexes at M06-2X/6-31G* 
(LANL2DZ basis set for I atom) level of theory. 
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Dye 13 Dye 14 Dye 15

2.79 2.793 2.817

Dye 16

2.820

Figure S9: Optimized molecular structure of dye...I2 complexes at M06-2X/6-31G* 

(LANL2DZ basis set for I atom) level of theory. 



Dye 5@TiO2 Dye 6@TiO2 Dye 7@TiO2 Dye 8@TiO2

Dye 9@TiO2 Dye 10@TiO2 Dye 11@TiO2 Dye 12@TiO2



Dye 5@TiO2 Dye 6@TiO2 Dye 7@TiO2 Dye 8@TiO2          Dye 13@TiO2             Dye 14@TiO2                   Dye 15@TiO2            Dye 16@TiO2

Figure S10: Optimized structures of the dyes 5-16@TiO2.


