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Figure S1. 1H NMR (CDCl3) of  3,4-dimethoxythiophene  and 2H,2'H,4H,4'H-3,3'-

spirobi[thieno[3,4-b][1,4]dioxepine] . 
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Figure S2. 1H and 13C NMR (CDCl3) spectra of Synthesis of 7-bromo-N, N-bis(4-

methoxyphenyl)benzo[c][1,2,5]thiadiazol-4-amine (5). 
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Figure S3. 1H and 13C NMR (CDCl3) spectra of  2H,2'H,4H,4'H-3,3'-spirobi[thieno[3,4-

b][1,4]dioxepine]-6,6'-dicarbaldehyde (1). 
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Figure S4. 1H and 13C NMR (CDCl3)spectra of  6,6'-bis(4-(bis(4-

methoxyphenyl)amino)phenyl)-2H,2'H,4H,4'H-3,3'-spirobi[thieno[3,4-b][1,4]dioxepine]-

8,8'-dicarbaldehyde (3). 
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Figure S5. 1H and 13C NMR (DMSO-d6) spectra D1-D1 (4). 
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Figure S6. 1H and 13C NMR (CDCl3) spectra of 6,6'-bis(7-(bis(4-

methoxyphenyl)amino)benzo[c][1,2,5]thiadiazol-4-yl)-2H,2'H,4H,4'H-3,3'-

spirobi[thieno[3,4-b][1,4]dioxepine]-8,8'-dicarbaldehyde (6). 
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Figure S7. 
1
H and 

13
C NMR (DMSO-d6) spectra of D2-D2 (7). 
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Figure S8. 1H and 13C NMR (CDCl3)spectra of 6'-(4-(bis(4-methoxyphenyl)amino)phenyl)-

2H,2'H,4H,4'H-3,3'-spirobi[thieno[3,4-b][1,4]dioxepine]-6,8'-dicarbaldehyde (8). 
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Figure S9. 
1
H-NMR spectrum of 6-(7-(bis(4 

methoxyphenyl)amino)benzo[c][1,2,5]thiadiazol-4-yl)-6'-(4-(bis(4 

methoxyphenyl)amino)phenyl)-2H,2'H,4H,4'H-3,3'-spirobi[thieno[3,4-b][1,4]dioxepine]-

8,8'-dicarbaldehyde (9). 
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Figure S10. 
1
H- and 

13
C- NMR (DMSO-d6 + TFA) spectra of D1-D2 (10). 
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Figure S11. 
1
H and 

13
C NMR (CDCl3)spectra of 6'-(7-(bis(4-

methoxyphenyl)amino)benzo[c][1,2,5]thiadiazol-4-yl)-2H,2'H,4H,4'H-3,3'-

spirobi[thieno[3,4-b][1,4]dioxepine]-6,8'-dicarbaldehyde (11). 
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Figure S12. 
1
H and 

13
C NMR (CDCl3)spectra of 6-(4-(bis(4-((2-

ethylhexyl)oxy)phenyl)amino)phenyl)-6'-(7-(bis(4-

methoxyphenyl)amino)benzo[c][1,2,5]thiadiazol-4-yl)-2H,2'H,4H,4'H-3,3'-

spirobi[thieno[3,4-b][1,4]dioxepine]-8,8'-dicarbaldehyde (13). 
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Figure S13. 
1
H and 

13
C NMR (CDCl3) spectra of D2-D4 (14). 
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Figure S14. 
1
H and 

13
C NMR (CDCl3) spectrum of 5-(4-(bis(4-

methoxyphenyl)amino)phenyl)-3,4-dimethoxythiophene-2-carbaldehyde (16). 
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Figure S15. 
1
H and 

13
C NMR (CDCl3) spectra D1 (17). 

 

 

Figure S16. 
1
H spectrum (CDCl3) of 5-(7-(bis(4-

methoxyphenyl)amino)benzo[c][1,2,5]thiadiazol-4-yl)-3,4-dimethoxythiophene-2-

carbaldehyde (18). 
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Figure S17. 
1
H and 13C NMR (DMSO-d6) spectra of D2 (19). 
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Figure S18. Normalised Absorption and emission spectra of D1-D1 (a) and D2-D2 (b). 

 

Figure S19. Normalised Absorption and emission spectra of D1-D2. 

 

Figure S20. Normalised absorption and emission spectra of D1 (a) and D2 (b). 
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Figure S21. Cyclic voltammograms  of (a) D1 and (b) D2. 

 

 

Figure S22.IR spectra of D1-D1 in ethanol (a) and D1-D1 in TiO2 (b). 
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Description Molecular orbital Energy (eV) 
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Figure S23. DFT study of D1-D2. 
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Description Molecular orbital Energy (eV) 
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Figure S24. DFT study of of D1-D1. 
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Figure S25. DFT study of D2-D2. 

 

 

Description Molecular orbital Energy (eV) 
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Figure S26. DFT study of D1. 

 

 

 

 

 

Description Molecular orbital Energy (eV) 
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Figure S27. DFT study of D2. 

 

Figure S28. Molecular structures of TPA-based dyes e5 – e7.
1
 

Table S1.Optical and DSSC data of e5 -e7  

dye λλλλmax (nm) 

(absorption)
a 

  redox Voc(V) Jsc(mAcm
-2
) FF PCE (%) 

e5 415 I
-
/I3

-
 0.685 8.58 0.70 4.11 

e6 473 I-/I3
- 0.63 16.0 0.61 6.15 

e7 480 I
-
/I3

-
 0.61 15.2 0.58 5.41 

a
Absorption was measured in solution of dyes. 
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Figure S29. IV and IPCE profile of D1-D1, D2-D2 and D2-D4 with and without CDCA. 
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