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Figure S2. 'H and "C NMR (CDCl;) spectra of Synthesis of 7-bromo-N, N-bis(4-
methoxyphenyl)benzo[c][1,2,5]thiadiazol-4-amine (5).

S4



Wiedlaw00#015_11371,16id g
Marik &

=F.]
-

1H |

f

002

550000

—18

500000
| |-450000
400000
|-3s0000
300000

250000

150000
100000

L50000

a.._._...
|

|

[ =
i

L

2002
1 tosg

S —
50 B85 B0 75

D e T e
120 115 1.0 10.5 100 35 70 65

Wedlav400#015_11371

180.93

180 .93
—15473
—14852

13C

<

A5

A2

e e e e o 50000
60 55 50 45 40 35 30 25 20 15 10 05 00 05 -10
f1 (ppm)

—1z277
— 11583
7748
L7684
7108
50.47

F2E+05

-2E+05

2E+05

[F2E+05

F2E+05

F1E+05

F1E+05

F1E+D5

80000

60000

40000

20000

~-20000

T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130

T T
120 110
f1 (ppm)

T
100

Figure S3. 'H and °C NMR (CDCls) 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. 'H and °C NMR (CDCls)spectra of 6,6'-bis(4-(bis(4-
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Figure S5. 'H and "C NMR (DMSO-d6) spectra D;-D; (4).
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Figure S6. 'H and °C NMR (CDCl;) 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. 'H and °C NMR (DMSO0-d6) spectra of D,-D; (7).
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Figure S8. 'H and C NMR (CDCl;)spectra of 6'-(4-(bis(4-methoxyphenyl)amino)phenyl)-
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Figure S9. "H-NMR spectrum of 6-(7-(bis(4
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Figure $10. 'H- and >C- NMR (DMSO-ds + TFA) spectra of D;-D; (10).
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Figure S11. "H and ">C NMR (CDCls)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. 'H and "C NMR (CDCly)spectra  of  6-(4-(bis(4-((2-
ethylhexyl)oxy)phenyl)amino)phenyl)-6'-(7-(bis(4-
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Figure S14. "H and ">C NMR (CDCls) spectrum of 5-(4-(bis(4-

methoxyphenyl)amino)phenyl)-3,4-dimethoxythiophene-2-carbaldehyde (16).
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Figure S21. Cyclic voltammograms of (a) D; and (b) D,.
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Figure S22.1R spectra of D;-D; in ethanol (a) and D;-D; in TiO; (b).
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Description Molecular orbital Energy (eV)
e
LUMO + 1 of D; in D;-D» 5? -0.70
s
¥
:?‘.’ . 2
p o
LUMO + 2 of D, in D;-D, &%« -0.75
¥
~ . /&\
LUMO + 1 of D, in D;-D»
’ -2.25
¥
.74
LUMO of D, in D;-D; & -2.58
) =
¥
il
R 2 = > >
LUMO of D, in D;-D, % ~ -2.87
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HOMO of D, in D;-D, -4.91
HOMO of D; in Dy-D, -5.11
-5.92

HOMO - 1 of D in Dy-D;
HOMO - 1 of D, in Dy-D, -6.04

Figure S23. DFT study of D;-D,.
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Description Molecular orbital Energy (eV)
LUMO of Di-D, -2.63
HOMO of D1-D1
-4.93
Figure S24. DFT study of of D;-D;.
Description Molecular orbital Energy (eV)
LUMO of DQ—DQ -2.91
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HOMO of D2—D2
R4 -5.03

Figure S25. DFT study of D»-D».

Description Molecular orbital Energy (eV)

Y

LUMO + 1 of D, e -0.75

LUMO of D, -2.46

HOMO of D,
-4.96
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HOMO - 1 of Dy -5.97
Figure S26. DFT study of D;.
Description Molecular orbital Energy (eV)
LUMO + 1 of D, -2.21
LUMO of D, -2.66
HOMO of D,
-5.08
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HOMO - 1 of D, -6.05
Figure S27. DFT study of D,.
Q Q“@
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NC—/ J
CO.H NC™NeoLH
eb e6 e7
Figure S28. Molecular structures of TPA-based dyes e5 —e7.!
Table S1.Optical and DSSC data of e5 -e7
dye Amax (NM) redox Voel(V)  Js(mAcem?) FF PCE (%)
(absorption)®
e5 415 Iy 0.685 8.58 0.70 4.11
eb 473 I/ 0.63 16.0 0.61 6.15
e7 480 Iy 0.61 15.2 0.58 541

“Absorption was measured in solution of dyes.
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Figure S29. IV and IPCE profile of D;-D;, D,-D, and D,-D4 with and without CDCA.
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