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Table S1 Absorption intensity of 1-3 in acetonitrile 

 

1 2 3 

Molar extinction 

coefficient (M
-1

cm
-1

) 6332 16778 41381 

 

 

 

 

 

 

Scheme S1 Different resonance states of azo dyes with substituted benzene rings. Q is the 

quinoidal structure. D is the electron donor while A is the electron acceptor. 
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Scheme S2 Three inputs for geometrical optimization. From left to right: monodentate, bidentate 

chelating and bidentate bridging.  

 

Figure S1 Optimized structures of TiO2, 1TiO2, 2TiO2 and 3TiO2. All the three inputs 

(monodentate, bidentate chelating and bidentate bridging) give rise to a monodentate structure in 

the end, implying that the monodentate adsorption mode affords the best stability for these –NO2 

dyes. 
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Table S2 Electronic transitions of 1TiO2, 2TiO2 and 3TiO2 obtained from TDDFT calculations. 

H: HOMO. L: LUMO 

 

Peak wavelength 

(nm) 

Oscillator 

strength 
Major Contributions 

1TiO2 600 0.0070 H-1 to L (0.68) 

 

572 1.0938 H to L (0.71) 

 
432 0.0002 H to L+1 (0.71) 

 

408 0.0005 H to L+2 (0.70) 

 

398 0.0134 H-2 to L (0.68) 

 

397 0.0018 H to L+3 (0.70) 

2TiO2 650 0.1657 H-1 to L (0.62), H to L (0.27) 

 

606 0.8194 H to L (0.66) 

 

461 0.0001 H to L+1 (0.71) 

 

445 0.0344 H-2 to L (0.68) 

 
434 0.0001 H to L+2 (0.70) 

 

421 0.0003 H to L+3 (0.70) 

3TiO2 621 0.0720 H-1 to L (0.61) 

 
580 0.9245 H-1 to L (0.29), H to L (0.63) 

 

423 0.2188 H to L+2 (0.61) 

 

420 0.0041 H-2 to L (0.67) 

 

419 0.0008 H to L+1 (0.70) 

 

 

Table S3 Oxygen to titanium distance (O…Ti distance), diphenyl angle and adsorption energy of 

1TiO2, 2TiO2 and 3TiO2.  

Compound 
O…Ti 

Distance (Å) 

Diphenyl 

angle (°) 

Adsorption 

energy (eV) 

1TiO2 2.144 2.82 1.28 

2TiO2 2.140 29.83 1.29 

3TiO2 2.160 20.24 1.17 
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Table S4 Average values and errors for η,  Jsc, Voc and FF with repeated fabrication and testing. 

η           

 

Fabrication number     

Dye i ii iii Average Error 

N3 3.68 3.58 3.72 3.63 2% 

1 0.03 0.03 0.03 0.03 2% 

2 0.03 0.03 0.03 0.03 6% 

3 0.04 0.03 - 0.04 12% 

      Jsc 

       Fabrication number     

Dye i ii iii Average Error 

N3 11.96 12.29 11.70 11.98 2% 

1 0.14 0.14 0.14 0.14 2% 

2 0.16 0.15 0.14 0.15 6% 

3 0.18 0.17 - 0.18 4% 

      Voc 
       Fabrication number     

Dye i ii iii Average Error 

N3 0.69 0.69 0.68 0.67 3% 

1 0.36 0.37 0.37 0.37 2% 

2 0.38 0.38 0.37 0.38 1% 

3 0.40 0.38 - 0.39 3% 

      FF 

       Fabrication number     

Dye i ii iii Average Error 

N3 0.45 0.43 0.47 0.45 2% 

1 0.50 0.50 0.50 0.50 1% 

2 0.51 0.51 0.52 0.51 2% 

3 0.55 0.50 - 0.53 6% 

 

 

 



 S7 

0.0 0.1 0.2 0.3 0.4
0.00

0.05

0.10

0.15

0.20

J
s
c
 (

m
A

/c
m

2
)

V
oc

(V)

 1

 2

 3

 

Figure S2 Typical J-V curves of these –NO2 substituted dyes, indicating the capability of the –

NO2 group. 

 

 

Figure S3 Photos of electrodes after sensitization with the NO2 dyes compared with pure TiO2 

without sensitization. From left to right: pure TiO2, 1TiO2, 2TiO2 and 3TiO2.  

 

 


