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Supporting Characterizations

Instrumentation. "H-NMR (400.13 MHZ) and 3C-NMR (100.61 MHZ) spectra were recorded on Bruker DRX 400-MHZ NMR
spectrometer in the solvent of CDCl; at room temperature. Tetramethylsilane (TMS) was used as an internal standard to express
chemical shift. Mass spectra were measured on a Bruker micrOTOFQII. UV-vis-NIR spectra were conducted on Agilent Cary
5000. Electrochemistry was performed with distilled solvents and recrystallized electrolytes using a three-electrode cell with a
platinum flag as the counter electrode, a silver wire pseudo-reference electrode calibrated using a 5 mM solution of Fc¢/Fc* in 0.1
M electrolyte solution, and a an ITO-coated glass slide (7 x 40 x 0.7 mm, 20 Q cm!, Delta Technologies, Ltd) as the working
electrode. Cyclic voltammetry (CV) measurements were conducted on Autolab PGSTAT 30 electrochemical workstation.
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Fig. S1 NMR spectra of monomers and polymer. (a) and (b), 'H-NMR and *C-NMR spectra of monomer BTAz-1; (c) and (d),
'H-NMR and '*C-NMR spectra of monomer BTAz-2; (¢) and (f), 'H-NMR and '*C-NMR spectra of monomer 5-bromo-3-
dodecyl-2-(3-(3-dodecylthiophen-2-yl)azulen-1-yl)thiophene 5; (g) and (h), 'H-NMR and 3C-NMR spectra of monomer BTAz-3;
(i) and (j), 'H-NMR and *C-NMR spectra of monomer BTAz-4.



35 1.0
s
:
2
g 0.5-
0.0 Y T v
400 600 800
Wavelength (nm)
Fig. S2 UV-vis spectrum of BTATB in chloroform.
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Fig. S3 Cyclic voltammograms of BTAz-1 (a and b), BTAz-2 (c and d), BTAz-3 (e and f) and BTAz-4 (g and h) in
dichloromethane (a, c, e and g) and dichloromethane/TFA (v/v:8.5/1.5; b, d, f and h). CV experiments (a-h) performed with 0.1
mM oligomer and 0.1 M tetrabutylammonium perchlorate (scan rate 25 mV/s).
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Fig. S4 UV-vis-NIR spectrum of BTAzs under different TFA concentration in chloroform solution: (a): BTAz-2; (b) BTAz-3; (¢)
BTAz4.
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Fig. S5 Spatial distributions of the calculated HOMOs and LUMOs of model compounds BTAz-1 (a), BTAz-2 (b), and BTAz-4
(c) at different degree of protonation: neutral and protonation.
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Fig. S6 UV-Vis spectra of 2,1,3-benzothiadiazole in chloroform (dark line); chloroform/TFA (v/v: 7/3, red line) and

10
0.
0.6
04
0.2
0.0

300

chloroform/sulfuric acid (v/v: 7/3, blue line).

400
Wavelength (nm)

Cartesian coordinates of the DFT optimized ground-state

Cartesian coordinates of the DFT optimized ground-state of BTAz-1
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Cartesian coordinates of the DFT optimized ground-state of BTAz-2
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Cartesian coordinates of the DFT optimized ground-state of BTAz-3
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Cartesian coordinates of the DFT optimized ground-state of BTAz-4
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Cartesian coordinates of the DFT optimized ground-state of protonated BTAz-1
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Cartesian coordinates of the DFT optimized ground-state of protonated BTAz-2
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Cartesian coordinates of the DFT optimized ground-state of protonated BTAz-3
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Cartesian coordinates of the DFT optimized ground-state of protonated BTAz-4
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-3.02356
-1.89654
-1.24597
-1.56563
-2.65454
-0.58201
0.280372
-0.09817
-4.41014
-4.65992
-3.33816
-1.46342
-2.74257
1.131792

1.12991
2.216075
1.923852
0.586298
-0.30053
3.211293
2.972299
3.448967
4.535068
3.840126
2.585109
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Excitation energies and oscillator strengths from the ground-state structures (S,) of BTAzs and

-9.34978
-8.78556
-8.52078
-9.54252
-10.7972
-8.77713
-11.0643
-12.8509
-12.7998
-7.70417
-9.28285
-14.1043
-13.7332
-12.5409
-12.0269

-13.011

protonated BT Azs
BTAz-2
Excited State 1:  Singlet-A
208 ->210 0.70433
Excited State 2:  Singlet-A
207 ->210 0.69687
Excited State 3:  Singlet-A
207 ->209 0.69568
Excited State 4:  Singlet-A
207 ->211 0.67675
208 ->212 -0.18565
Excited State S5:  Singlet-A
203 ->211 0.13771
205 ->211 -0.12593
206 ->210 -0.24082
207 ->211 0.16765
208 ->212 0.60917
BTAz-3
Excited State 1:  Singlet-A
231 ->236 0.12427
232->235  -0.37847
233 ->236 0.57790
Excited State 2:  Singlet-A
231 ->235 0.12419
232 ->236  -0.37814
233 ->235 0.57794
Excited State 3:  Singlet-A
232 ->234 0.70418
Excited State 4:  Singlet-A
231 ->234 0.69451
Excited State 5:  Singlet-A
231->235  -0.26201
232 ->236 0.51312
233 ->235 0.39745
Excited State 6:  Singlet-A
231->236  -0.25881

-0.86129
-0.89665
-1.03899
-0.83947

-0.67
-0.79773
-0.58632
-0.55542
-0.60388
-1.01252
-0.83734
0.454505
-0.73703
-1.29496
-0.49026
0.952539

2.1814 eV 568.37 nm

2.6981 eV 459.52 nm

2.7185 eV 456.08 nm

2.8607 eV 433.41 nm

3.2041 eV 386.96 nm

2.0654 eV 600.29 nm

2.0656 eV 600.24 nm

2.2138 eV 560.05 nm

2.5654 eV 483.29 nm

2.6008 eV 476.71 nm

2.6013 eV 476.63 nm

stk

1.802346
3.067332
0.532617
-0.54838
-0.04355
5.180986
5.627867
4.108649
1.779128
3.098671

-1.6001
-1.84222
-2.39241
-1.82347
-0.82396
-0.59696
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£=0.0105

£=0.2358

£=0.0013

£=0.0002

=0.0982

£=0.0085

£=0.0001

£=0.0052

=0.0844

£=0.0004

£=0.0001

12.74303
11.61054
9.680934
10.82474
-14.9498
15.82066
-8.22775
10.83871
9.016963
1.428284
0.034118
0.335265
-1.54631

-9.6161
-13.0205

<S**2>=0.000

<S*#2>=0.000

<S**2>=0.000

<§**2>=0.000

<S**2>=0.000

<§**2>=0.000

<S**2>=0.000

<§**2>=0.000

<S*#2>=0.000

<S**2>=0.000

<S**2>=0.000

-2.90975
-3.42284
-3.01576
-2.49502
1.078625
-0.34032
-2.10468
-4.17137
5.893292
-6.28701

-4.4783

5.94693

6.70643
4.306912

-5.9819

3.824301
2.585349
4.175494
5.421911

-2.0993
1.085372
0.520106
4.853004
-2.20285
0.145375
-0.90309
1.066217
-1.26616
-2.09838
-2.12965



232 ->235
233 ->236

Excited State 7:

230 -> 235
231 ->236
232 ->235
233 > 237

Excited State 8:

231 ->236
232 ->235
233 ->237
233 ->239

Excited State
225 > 234
229 > 234
230 -> 235
232 ->238
233 ->239

BTAz-4
Excited State
277 -> 281
278 -> 281
279 -> 281
Excited State
277 -> 280
278 -> 280
279 -> 280
Excited State
277 -> 281
278 -> 281
279 -> 281
Excited State
279 > 282
Excited State
275 -> 280
277 -> 280
278 -> 280

—_—

0.50907
0.39381
Singlet-A
-0.16209
0.44615
0.23556
0.44476
Singlet-A
-0.42131
-0.17123
0.51224
-0.10091

Singlet-A
-0.15552
-0.21152
-0.13796
0.23611
0.56513

Singlet-A
0.20896
-0.44702
0.49822
Singlet-A
-0.35979
-0.36854
0.46138
Singlet-A
-0.29462
0.39453
0.49080
Singlet-A
0.69602
Singlet-A
-0.11870
0.51502
-0.44671

Protonated BTAz-2

Excited State
207 ->209
208 ->210

Excited State
207 ->209
208 ->210

Excited State
207 ->210

Excited State
206 ->209

Excited State
205 ->209

Excited State
206 ->210

Excited State
205 ->210

Excited State
204 ->209

1:

Singlet-A
0.66903
-0.21835
Singlet-A
0.21872
0.66754
Singlet-A
0.70312
Singlet-A
0.69652
Singlet-A
0.69946
Singlet-A
0.69732
Singlet-A
0.69961
Singlet-A
0.69342

Protonated BTAz-3

Excited State

1:

Singlet-A

2.9779 eV 416.35 nm {=0.1228 <S**2>=0.000

3.0539 eV 405.98 nm =0.2957 <S**2>=0.000

3.4744 eV 356.85 nm {=0.4237 <S**2>=0.000

etk

2.0915 eV 592.81 nm

2.5097 eV 494.03 nm

2.5338 eV 489.31 nm

2.6771 eV 463.13 nm

2.8476 eV 435.40 nm

ko

1.2022 ¢V 1031.29 nm f=0.0015

1.2650 eV 980.11 nm

1.3337 eV 929.65 nm

2.1079 eV 588.18 nm

2.1955 eV 564.72 nm

2.2638 eV 547.69 nm

2.3606 eV 525.22 nm

2.4567 eV 504.68 nm

sekor

0.3824 eV 3241.90 nm

£=0.0063 <S**2>=0.000

£=0.0019

f=0.0016

f=1.5955

£=0.0080

£=0.0325

£=0.0063

=0.0004

£=0.0003

f=0.0018

=0.0028

£=0.0003

=0.1591

<§**2>=0.000

<§**2>=0.000

<S*#2>=0.000

<§**2>=0.000

<S*#2>=0.000

<§**2>=0.000

<S*#2>=0.000

<S*#2>=0.000

<§**2>=0.000

<§**2>=0.000

<S*#2>=0.000

<S*#2>=0.000

<§**2>=0.000



233 > 234
233 ->235
233 <-234
233 <-235
Excited State
232 ->234
232 ->235
Excited State
232 ->234
232 ->235
Excited State
230 > 234
231 ->234
232 ->234
Excited State
230 -> 235
231 ->235
233 ->236
Excited State
230 > 234
231 ->234
Excited State
230 -> 235
231 ->235
Excited State
230 -> 235
233 ->236
Excited State
229 ->234
229 -> 235
Excited State
228 ->234
229 -> 235

0.44119
0.64904
-0.24373
-0.23516
Singlet-A
0.67561
-0.14458
Singlet-A
0.15520
0.68514
Singlet-A
-0.25370
0.63065
-0.11953
Singlet-A
-0.23814
0.63479
0.13737
Singlet-A
0.64175
0.27367
Singlet-A
0.63871
0.27056
Singlet-A
0.13293
0.68088
Singlet-A
0.68109
0.10011
Singlet-A
0.65273
0.22223

Protonated BTAz-4

Excited State
279 -> 280
279 -> 281
279 <- 280

Excited State
278 -> 280
279 -> 280

Excited State
278 -> 281
Excited State
277 -> 280
Excited State
277 -> 281
Excited State
274 -> 280
275 -> 280
276 -> 280
Excited State
275 -> 280
276 -> 280
Excited State
274 -> 281
275 > 281
276 -> 281
Excited State
272 > 280
273 -> 280

1:

Singlet-A
0.61049
0.60261

-0.48473
Singlet-A
0.68869
0.13393
Singlet-A
0.69605
Singlet-A
0.69668
Singlet-A
0.69775
Singlet-A
-0.19375
-0.23448
0.62061
Singlet-A
0.64671
0.27299
Singlet-A
-0.19059
-0.23612
0.62008
Singlet-A
-0.10934
0.15043

0.7380 eV 1680.00 nm =0.0009 <S**2>=0.000

0.8485 eV 1461.15 nm f=0.0133 <S**2>=0.000

1.3146 eV 943.16 nm {=0.0020 <S**2>=0.000

1.4010 eV 884.99 nm f=0.0174 <S**2>=0.000

1.4786 ¢V 838.51 nm f=0.0008 <S**2>=0.000

1.5536 eV 798.04 nm {=0.0053 <S**2>=0.000
1.6216 eV 764.60 nm f=0.3237 <S**2>=0.000
1.8098 eV 685.07 nm =0.0011 <S**2>=0.000

1.8761 eV 660.87 nm {=0.0002 <S**2>=0.000

dkok

0.2960 eV 4187.95 nm f=0.0929 <S**2>=0.000

0.5211 eV 2379.24 nm f=0.0436 <S**2>=0.000

0.7447 eV 1664.80 nm f=0.0101 <S**2>=0.000

0.9308 eV 1331.98 nm f=0.0010 <S**2>=0.000

1.1913 eV 1040.76 nm {=0.0001 <S**2>=0.000

1.2536 eV 989.00 nm f=0.0068 <S**2>=0.000

1.4445 eV 858.31 nm f=0.0005 <S**2>=0.000

1.5170 eV 817.32 nm {=0.0080 <S**2>=0.000

1.6251 eV 762.95 nm {=0.0027 <S**2>=0.000



274 > 280 0.63506
275 ->280  -0.14786
276 -> 280 0.16736
Excited State 10:  Singlet-A  1.7250 eV 718.74 nm =0.0003 <S**2>=0.000
275 > 281 0.64275
276 -> 281 0.27670

* %k



