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Materials and Methods 

1. General Information for Materials and Analytical Methods 



2. Synthesis 

2.1. Synthesis of Precursors 

2,3,3-Trimethyl-3H-indole-5-carbonitrile 

1H NMR 

d6 J J J

5-Cyano-1,2,3,3-tetramethyl-3H-indolium iodide 

H

1H NMR d6

J J

2.2. Synthesis of Spiropyrans 

General Procedure 1 (GP1): Synthesis of SP1 5 



Choline hydroxide 

SP1: 1H NMR J

J J J

J 13C NMR 

HRMS

SP2: 1H NMR d6

J J J J

J J
 13C NMR 

HRMS

SP3: 1H NMR J

J J J

J J 13C NMR



HRMS

SP4: 1H NMR J

J J J

J 13C NMR

HRMS

SP5: 1H NMR J J

J J

J 13C NMR

HRMS

-Dihydro-6-methoxy- -trimethylspiro[2H-1-benzopyran- -[2H]indole]- -carbonitrile 

(SP6)

H n

1H NMR J J J

J J J

13C NMR



HRMS

General Procedure 2 (GP2): Synthesis of SP7 and SP8 

H

H

H

SP7: 1H NMR d6 J

J J

J J J

J 13C NMR d6

HRMS

SP8: 1H NMR d6 J

J J J

J J J

J 13C NMR d6

 HRMS



3. UV-Vis Spectroscopy Studies 

3.1. Determination of Apparent Conjugate Acidity (pKaH ) 

SP

MCH+



Figure S1. SP1
MCH1+

Figure S2. SP2
MCH2+



Figure S3. SP3
MCH3+

Figure S4. SP4
MCH4+



Figure S5. SP5
MCH5+

Figure S6. SP6
MCH6+



Figure S7. SP7
MCH7

Figure S8. SP8 
MCH8+



3.2. UV-Vis Absorption Study of CO2 Response 

SP

Figure S9. SP2



Figure S10. SP3

Figure S11. SP5



Figure S12. SP7

Figure S13. SP4



3.3. Solvent Effects 

SP MCH+

SP4

Figure S14. SP4
  



Figure S15. SP4

3.4. Solubility Measurements 

SP 

 SP 



Figure S16 SP4 

Figure S17. SP4



Figure S18. SP4

Figure S19. SP4



Figure S20. SP4

Figure S21. SP4 



Figure S22. SP4



Figure S23. SP2

Figure S24.  SP2



4. CO2 Capture and Release

4.1.Experimental Setup

Assembly of LED Chamber:

Figure S25.



Figure S26.

Figure S27. In situ SP4



CO2 capture and release:  

Pure CO2 SP4 

via

Diluted CO2 SP4 (

via



Figure S28 SP4

Figure S29. SP4



Figure S30. SP4

Control experiments: 

4.2. Gas Chromatography Analysis 



Figure S31.
y

4.3. In Situ pH Tracking 

In situ pH tracking for SP4 SP4

 

Tracking without buffer

SP4 MCH4+

 



Tracking with bicarbonate buffer 

Tracking with capture and release 

 

In situ pH tracking for SP8  SP8

 Figure S32. In situ SP8



 Figure S33.



Figure S34.



4.4.Stability of SP4

Figure S35. SP4



5. Ultrafast Transient Absorption Studies 

5.1. Methods 

Spectroscopy:

f f



Actinometry: 

ca. 

MCH+

MCH+

ca.

MCH

k

Sample Preparation: SP4

MCH4+

MCH4+



d6

5.2. Additional Data 

 Figure S36. MCH4+ MCD4+



 Figure S37. MCH4+



Figure S38.



Figure S39. MCH4+ HCO3
-



6. Computational Chemistry 

6.1. General Methods 

6.2. Structures and UV-Vis Spectra of Relevant Species 

 Figure S40. MCH4+ trans

Figure S41. MC4 trans



 
 

 Figure S42. MC4-CO2 trans

 Figure S43. MCH4+ trans

 Figure S44. SP4

  



Table S1. 

MCH4+

MC4 
MC4-CO2

MCH4+

SP4 

6.3. Geometries and Energies of Minimized Structures 
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7. Additional Discussion of Thermodynamic Model 

MCH+

MC SP

MCH+ MC SP

MCH+

MCH+ SP/MC

SP/MC

SP MC

SP 



SP

MC SP



SP MC 

MCH+ 

  



8. NMR Spectra of Compounds

Figure S45. SP1.



Figure S46. SP1



Figure S47. SP2



Figure S48. SP2



Figure S49. SP3



Figure S50. SP3



Figure S51. SP4.



Figure S52. SP4



Figure S53. SP5



Figure S54. SP5



Figure S55. SP6



Figure S56. SP6



Figure S57. SP7



Figure S58. SP7



Figure S59 SP8



Figure S60. SP8
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