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gure S1. 1H NMR (400 MHz, CDCl3) spectrum of compound 1a.
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Figure S2. 1H NMR (200 MHz, CDCl3) spectrum of compound 1b.
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Figure S3. 13C NMR (100 MHz, CDCl3) spectrum of compound 1b.
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Figure S4. 1H NMR (200 MHz, CDCl3) spectrum of compound 1c.
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Figure S5. 13C NMR (100 MHz, CDCl3) spectrum of compound 1c.
BRK-2 #114 RT: 0.50 AV: 1 NL: 9.97E7
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S7. 1H NMR (200 MHz, CDCl3) spectrum of compound 2a.
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Figure S8. 13C NMR (100 MHz, CDCl3) spectrum of compound 2a.

HOOC

N

HOOC

N



6

NK-226 #98 RT: 0.43 AV: 1 NL: 1.18E10
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S9. HRMS spectrum of 2a.
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Figure S10. 1H NMR (400 MHz, CDCl3) spectrum of compound 2b.
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Figure S11. 13C NMR (100 MHz, CDCl3) spectrum of compound 2b.NK-233 #417 RT: 1.86 AV: 1 NL: 5.71E9
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S12. HRMS spectrum of 2b.
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Figure S13. 1H NMR (400 MHz, DMSO-d6) spectrum of compound 3a. 
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Figure S14. 13C NMR (100 MHz, DMSO-d6) spectrum of compound 3a.
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NK-251 #90 RT: 0.40 AV: 1 NL: 5.14E9
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S15. HRMS spectrum of 3a.
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Figure S16. 1H NMR (200 MHz, DMSO-d6) spectrum of compound 3b.
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Figure S17. 13C NMR (100 MHz, DMSO-d6) spectrum of compound 3b.
NK-228 #108 RT: 0.48 AV: 1 NL: 5.26E8
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S18. HRMS spectrum of 3b.
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Figure S19. 1H NMR(200 MHz, CDCl3) spectrum of compound 3-decyl-1-hexyl-3-methyl-2-
methyleneindoline-5-carboxylic acid.
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e S20. 1H NMR (500 MHz, CDCl3) spectrum of compound 3c.
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Figure S21. 13C NMR (100 MHz, CDCl3) spectrum of compound 3c. 
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NK-231 #1 RT: 0.00 AV: 1 NL: 3.15E8
T: FTMS + p ESI Full ms [100.00-1500.00]
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re S22. HRMS spectrum of 3c.
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Figure S24. 13C NMR (100 MHz, CDCl3) spectrum of compound 4b.
TAACL #358 RT: 1.59 AV: 1 NL: 6.03E7
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S26. 1H NMR (400 MHz, CDCl3) spectrum of compound 4c.
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Figure S27. 13C NMR (100 MHz, CDCl3) spectrum of compound 4c.
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HT-042 #202 RT: 0.90 AV: 1 NL: 2.38E7
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S30. 13C NMR (100 MHz, DMSO-d6) spectrum of compound NSQ1.

NSQ-1 #231 RT: 1.03 AV: 1 NL: 5.96E6
T: FTMS + p ESI Full ms [100.00-1500.00]

610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

661.3059
R=43807

C 44 H41 O4 N2 = 661.3061
-0.2662 ppm

683.2880
R=42807

C 44 H40 O4 N2 Na = 683.2880
-0.0952 ppm

633.5068
R=43202

689.5689
R=41002

628.8589
R=42406

622.8439
R=41802 677.5116

R=39406
696.8471
R=38102612.8126

R=39600
702.8619
R=37400

649.4807
R=27100

656.5833
R=31900

Fi
gure S31. HRMS spectrum of NSQ1.

O

N
O

N

O
OH



18

10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

2.945.402.2911.585.545.921.900.912.154.581.141.092.00

8.
24

1

8.
08

8
8.

06
7

7.
80

1
7.

78
0

7.
51

9
7.

50
1

7.
48

8
7.

23
5

7.
21

5
7.

19
6

6.
27

6

4.
40

9
4.

39
2

4.
37

6

1.
81

1
1.

60
5

1.
58

9
1.

40
1

1.
37

8
1.

28
9

1.
25

8
0.

85
6

0.
83

9
0.

82
3

Figure S32. 1H NMR (400 MHz, DMSO-d6) spectrum of compound NSQ2.
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Figure S33. 13C NMR (100 MHz, DMSO-d6) spectrum of compound NSQ2.

O

N
O

N

O
OH

O

N
O

N

O
OH



19

NSQ-2_160329125314 #449 RT: 2.00 AV: 1 NL: 2.48E7
T: FTMS + p ESI Full ms [100.00-1500.00]
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igure S34. HRMS spectrum of NSQ2.
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Figure S35. 1H NMR (400 MHz, CDCl3) spectrum of compound NSQ3.
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Figure S36. 13C NMR (100 MHz, CDCl3) spectrum of compound NSQ3.
NSQ-32 #574 RT: 2.56 AV: 1 NL: 2.24E5
T: FTMS + p ESI Full ms [100.00-1500.00]
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 Figure S37. HRMS spectrum of NSQ3.
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Figure S38. 1H NMR (500 MHz, CDCl3) spectrum of compound 5b.
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Figure S39. 13C NMR (100 MHz, CDCl3) spectrum of compound 5b.
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TPACL #186 RT: 0.83 AV: 1 NL: 1.09E8
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S40. HRMS spectrum of 5b.
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Figure S41. 1H NMR (400 MHz, CDCl3) spectrum of compound 5c.
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Figure S42. 13C (100 MHz, CDCl3) spectrum of compound 5c.
TPAOH #142 RT: 0.63 AV: 1 NL: 5.09E6
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S43. HRMS spectrum of 5c.
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Figure S44. 1H NMR (200 MHz, DMSO-d6) spectrum of compound NSQR.

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

19
2.

69
5

18
2.

67
6

17
9.

06
9

17
8.

01
2

16
9.

76
3

16
6.

79
1

14
9.

80
9

14
5.

85
7

14
4.

73
9

14
3.

03
1

13
0.

30
8

12
9.

94
8

12
8.

90
7

12
8.

29
4

12
5.

82
0

12
5.

00
8

12
3.

95
1

12
3.

60
6

12
0.

12
1

11
3.

04
4

91
.2

37

50
.8

64

30
.7

96
27

.2
19

25
.7

02
25

.2
04

21
.9

57
13

.8
22

Figure S45. 13C NMR (100 MHz, CDCl3) spectrum of compound NSQR.
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NSQ-4 #198 RT: 0.88 AV: 1 NL: 1.11E8
T: FTMS + p ESI Full ms [100.00-1500.00]
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Figure S46. HRMS spectrum of dye NSQR.

Theoretical calculations   
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Figure S47. Isodensity surface plots of the HOMO, HOMO-1, LUMO and LUMO+1 of NSQ 
sensitizers.S1

Table S1. Selected dihedral angles of NSQs were calculated from the optimized ground state 
geometry

Dihedral angle (degree)NSQ Dyes

   

NSQR 47.06 -0.33 -178.08 -

NSQ1 -0.05 0.05 -179.6 -

NSQ2 -0.43 0.57 -177.65 -

NSQ3 0.61 -0.24 -178.57 -176.66
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Figure S48. Distance between sp3-C (methyl group of HT) to –O atom of carboxylic acid, 

distance between the terminal carbon atomes of sp3 -branched alkyl chain and sp3-C (indoline) 

to  –O atom of carboxylic acid of NSQ3 calculated from the optimized ground state geometry 

using density functional theory (DFT) at B3LYP/6-31G** level with the Gaussian 09 program.

Supplementary photovoltaic performance
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Figure S49. J−V characteristics of NSQR and NSQ1-3 with deviation of 5 cells measured under 

simulated AM 1.5 G simulated sunlight (100 mW cm−2).
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Table S2. Photovoltaic performance of NSQ3 with different ratios of CDCA.

Dye Voc (V) Jsc (mA/cm2) ff (%)  (%) Amount of  
adsorbed dyes

 (x 10-7 mol cm-2)a

NSQ3/CDCA (1 eqv.) 0.541 20.11 65.6 7.14 0.94

NSQ3/CDCA (3 eqv.) 0.544 20.01 64.1 6.99 0.76

NSQ3/CDCA (5 eqv.) 0.541 19.51 63.2 6.67 0.64

NSQ3/CDCA (10 eqv.) 0.550 14.28 69.4 5.45 0.32

aby dye desorption method, carried out in 2M ethanolic HCl.

Figure S50. UV-Vis absorption spectra of desorbed NSQR and NSQ1-3 dyes in 2 M HCl in EtOH.
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 Figure S51. (a) Bode plot of NSQ dye cells (with an applied potential of -0.5 V), and (b) Cμ as a 

function of voltage (with an applied potential of -0.3 V).
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