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Experimental Procedures
General information
All the synthesis of compounds, involving air and/or water-sensitive were carried out in glove box or with the standard Schlenk techniques under dry nitrogen. Epoxides were purchased from Acros. Selenium was purchased from Macklin. 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) was purchased from Energy used as received. 1,4-Dioxane were distilled from sodium/benzophenone under nitrogen.
NMR 1H and 13C NMR spectra were recorded on a Varian INOVA-400 MHz type (1H, 400 MHz; 13C, 100 MHz) spectrometer and Bruker Avance NEO-600 MHz type (1H, 600 MHz; 13C, 125 MHz) spectrometer. Their peak frequencies were referenced versus an internal standard (TMS) shifts at 0 ppm for 1H NMR and against the solvent, CDCl3 at 77.4 ppm for 13C NMR, respectively.
Gel Permeation Chromatography Molecular weights and molecular weight distributions of copolymers were measured by gel permeation chromatography (GPC) analysis at 30 oC and a flow rate of 1.0 mL/min, with CHCl3 as the eluent, on an Agilent 1260 instrument coupled with an Agilent Rl detectorand equipped with PL HFIP gel 300 × 7.5 mm columns.
Differential scanning calorimetry (DSC) The analysis of DSC was carried out with a NETZSCH DSC 206 thermal analyzer. Conditions: under N2 atmosphere, the sample was annealed at 110 °C for 10 min and cooled to approporate temperature at a rate of –10 K /min, then heated to 150 °C at a rateof 10 K/min. The DSC curve shows the second heating section of thermodynamic process.
Thermo-gravimetric analysis (TGA) Thermo-gravimetric analyses of the resulted polymers were measured on a Mettler-Toledo TGA/SDTA851e. Nitrogen with the flow of 50 mL/min was used as protective gas and the heating rate during whole test was 10 K/min.
[bookmark: _Hlk119589364]Raman Spectroscopy Thermo Fisher Scientific DXRTM 2 Raman Microscope. 532 nm laser excitation, measurement range: 50~3500 cm–1. Resolution: Spatial: 1 µm; Confocal Depth: 2 µm.
X-Ray Photoelectron Spectroscopy (XPS) X–Ray Photoelectron Spectroscopy (XPS) was measured on Thermo ESCALAB XI+. A monochromatic Al Kα X–ray source was used, with the energy of 1486.6 eV. Charge compensation was needed.
Elliptical polarization spectrometer (EPS) Elliptical polarization spectroscopy of the resulted polymers were measured on a Eoptics SE-VM.
Ultraviolet/visible/near-infrared spectrophotometer: The UV-vis light stimulation behavior of poly(sulfide selenide)s was conducted on a ultraviolet/visible/near-infrared spectrophotometer Lambda 750S, with a teflon-coated integrating ball as the standard detector, wavelength 190–2500 nm and wavelength accuracy ±0.1 nm.


Copolymerization of elemental Selenium (Se) and episulfides.
(A) Synthesis of episulfides
The synthesis of episulfides refers to the literature1 with some improvements as follows: in a 500 mL round-bottomed flask equipped with a magnetic stirrer, thiourea (76 g, 1.0 mol, 2.0 equiv.) was dispersed into 300 mL water, and Al2O3 (3.0 g) was added as catalyst. Then the corresponding epoxide (0.5 mol, 1.0 equiv.) was added dropwise to the solution at 25 °C except for propylene oxide (at 0 °C). After stirring for 2 h, the solution was set to layer to give the corresponding episulfide, which was dried with CaH2 for twice before copolymerization.
1,2-Hexane Sulfide (HS). Yield: 95%.1H NMR (400 MHz, CDCl3) δ 2.93 – 2.81 (m, 1H), 2.50 (dd, J = 6.1, 2.1 Hz, 1H), 2.15 (dd, J = 5.6, 2.1 Hz, 1H), 1.87 – 1.77 (m, 1H), 1.56 – 1.31 (m, 5H), 0.91 (td, J = 7.3, 3.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 36.29, 35.94, 31.49, 25.83, 22.33, 13.97.
2-(isopropoxymethyl)thiirane (iPrOS). Yield: 99%. 1H NMR (400 MHz, CDCl3) δ 3.70 – 3.62 (m, 2H), 3.44 – 3.33 (m, 1H), 3.10 – 3.04 (m, 1H), 2.53 (d, J = 6.2 Hz, 1H), 2.21 (d, J = 5.4 Hz, 1H), 1.18 (t, J = 6.5 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 72.89, 71.95, 32.66, 24.01, 22.17, 22.04.
Cyclohexene Sulfide (CHS). Yield: 94%. 1H NMR (400 MHz, CDCl3) δ 3.30 – 3.14 (m, 2H), 2.26 – 2.06 (m, 4H), 1.62 – 1.49 (m, 2H), 1.34 – 1.20 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 36.98, 36.77, 25.82, 25.60, 19.43, 19.05.
4-vinylcylohexe-1-ene Sulfide (VCHS). Yield: 93%. 1H NMR (400 MHz, CDCl3) δ 5.79 – 5.60 (m, 1H), 5.04 – 4.85 (m, 2H), 3.35 – 3.25 (m, 2H), 3.20 – 3.11 (m, 1H), 2.22 – 2.10 (m, 2H), 1.95 – 1.83 (m, 2H), 1.53 – 1.42 (m, 1H), 1.15 (dtd, J = 13.1, 11.2, 6.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 143.03, 112.86, 38.74, 34.98, 32.47, 27.14, 24.63, 23.04.
2-(phenoxymethyl)thiirane (PhOS). Yield: 96%. 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.18 (m, 2H), 7.02 – 6.84 (m, 3H), 4.20 (dd, J = 10.2, 5.5 Hz, 1H), 3.91 (ddd, J = 17.3, 10.7, 6.3 Hz, 1H), 3.34 – 3.15 (m, 1H), 2.59 (d, J = 6.1 Hz, 1H), 2.31 (d, J = 5.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 159.36, 129.55, 129.24, 120.26, 114.52, 114.30, 83.62, 31.55, 23.77.
Styrene Sulfide (SS). Yield: 98%. 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.18 (m, 5H), 3.88 (t, J = 6.0 Hz, 1H), 2.86 (d, J = 6.6 Hz, 1H), 2.63 (t, J = 8.7 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 133.58, 129.08, 128.68, 127.92, 125.59, 125.19, 38.49, 28.53.
(B) Typical procedure for copolymerization of Se and MT.
[bookmark: _Hlk87863560]In a 20 mL flask equipped with a magnetic stirrer, DBU (0.025 mmol, 1.0 equiv.) BnSH (0.25 mmol, 10.0 equiv.) and Se (20 mmol, 800.0 equiv.) were added, together with 1,4-dioxane (1.5 mL), followed by the addition of MT (20 mmol, 800 equiv.) in the glovebox. Then, the flask was taken out from the glovebox after sealing, and put into the oil bath at the set temperature. After stiring for an appropriate time, a small amount of the resultant mixture was taken out from the flask for 1H NMR analysis to give the PS conversion and disulfide linkage. The crude polymer was dissolved in 1.0~2.0 mL CH2Cl2, then, the solution was precipitated with excess methanol. This process was repeated 2~3 times to completely remove the residual episulfide, and yellow polymer was obtained by vacuum-drying. A small amount of solid was used for the DSC and TGA analyses.
(C) Electrochemical CO2 caputre process.
Under CO2 atmosphere, n-tetrabutylammonium tetrafluoroborate (nBu4NBF4, 0.6 mmol) and over dried DMF (5.0 mL) was added to a 25 mL three-neck bottle containing a stir bar, followed by the addition of Se/MT copolymer (5.0 mg in 1.0 mL over dried THF). Then, a cyclic glass carbon anode (d = 0.3 mm) and Pt cathode (10 mm × 10 mm × 0.1 mm) were installed. The reaction mixture was electrolyzed under a constant current of 20 mA for 3 h. The reaction mixture was carefully quenched with iodomethane and extracted three times with ethyl acetate (3 × 20 mL). The combined organic layers were washed with brine (2 × 50 mL) and dried over Na2SO4. The used for further characterization.


Results and Discussion
1H-1H COSY NMR spectrum of various Se/MT copolmer


Figure S1. 1H-1H-COSY NMR spectrum of Se/MT copolymer in CDCl3.


1H NMR spectra of various Se/episulfide copolymers
[image: ]
Figure S2. 1H NMR spectrum of Se/HS copolymer in CDCl3.
CD2Cl2


Figure S3. 1H NMR spectrum of Se/PhOS copolymer in CDCl3.
[image: ]
Figure S4. 1H NMR spectrum of Se/iPrOS copolymer in CDCl3.
[image: ]
Figure S5. 1H NMR spectrum of Se/CHS copolymer in CDCl3.
[image: ]
Figure S6. 1H NMR spectrum of Se/VCHS copolymer in CDCl3.

[image: ]
Figure S7. 1H NMR spectrum of Se/HTS copolymer in CDCl3.


DSC curves of various Se/episulfide copolymers



Figure S8. DSC thermogram of the Se/MT copolymer with a Tg of –21.3 °C



Figure S9. DSC thermogram of the Se/HS copolymer with a Tg of –30.8 °C


Figure S10. DSC thermogram of the Se/OS copolymer with a Tg of –43.7 °C.




Figure S11. DSC thermogram of the Se/PGTE copolymer with a Tg of 1.8 °C



Figure S12. DSC thermogram of the Se/ iPrOS copolymer with a Tg of –29.3 °C




Figure S13. DSC thermogram of the Se/CHS copolymer with a Tg of 39.2 °C.

 
Figure S14. DSC thermogram of the Se/VCHS copolymer with a Tg of 46.0 °C


TGA curves of various Se/episulfide copolymers




[bookmark: OLE_LINK1]Figure S15. TGA thermogram of Se/MT copolymer with a Td5wt% of 219.3 °C.



Figure S16. TGA thermogram of Se/HS copolymer with a Td5wt% of 166.6 °C.



Figure S17. TGA thermogram of Se/OS copolymer with a Td5wt% of 157.2 °C.




Figure S18. TGA thermogram of Se/POMT copolymer with a Td5wt% of 235.7 °C.


Figure S19. TGA thermogram of Se/iPrOS copolymer with a Td5wt% of 196.8 °C.



Figure S20. TGA thermogram of Se/CHS copolymer with a Td5wt% of 181.2 °C.


Figure S21. TGA thermogram of Se/VCHS copolymer with a Td5wt% of 180.8 °C.


Selenium contents, refractive indices of polymers.
Table S1. Selenium contents, refractive indices and chromatic dispersions of Polymers
	Entry
	polymer
	Se wt%
	n589
	vD

	1
	MT
	51.6
	1.707
	20.8

	2
	VCHS
	36.0
	1.652
	24.9

	3
	CHS
	40.9
	1.668
	23.0

	4
	PGTE
	32.2
	1.675
	20.5

	5
	HS
	40.4
	1.624
	20.7

	6
	iPrOS
	37.4
	1.583
	22.3

	7
	OS
	35.4
	1.562
	21.6


aAbbreviation: n = refractive index, vD = Abbé number = (nD – 1)/(nF – nC), where nD, nF, and nC are the n values at wavelengths of Fraunhofer D, F, and C spectral lines of 589, 486, and 656 nm, respectively.


Figure S22. Wavelength-dependent refractive indices of thin films of Polymers.


Photo-response behavior study of the poly(sulfide selenide).



Figure S23. UV−vis light absorbance spectra of (a) 1,2-dimethyldiselane; (b) 1,2-dimethyldisulfane.


 
Figure S24. The maximum UV−vis absorbance of CH3S–SeCH3.


GPC trace of the Se/MT copolymers before and after the UV-vis light irradiation.



Figure S25. GPC chromatograms of the polymer (a) before UV irradiation; (b) after 405 nm UV irradiation.



Figure S26. The variation of UV-vis absorbance of Se/MT copolymer with time irradiated at different wavelength (a) 405 nm; (b) 365 nm after irradiation at 405 nm.


Figure S27. The characterization of the irradiated Se/PTGE copolymer by XPS revealed the S–S and Se–Se bonds formed as the ratio of C–Se to S–Se bonds.

[image: ]
Figure S28. 1H NMR spectra of the polymer: (a) before UV irradiation; (b) after 405 nm UV irradiation.

[image: ]
Figure S29. 1H NMR spectrum of the Cyclic compound after UV irradiation



	Formula
	Mass
	Error
	mSigma
	DblEq
	N rule
	Electron Configuration

	C27H30AgO3S3Se3
	844.7898
	2.3985
	170.7868
	12.50
	ok
	even






Figure S30. ESI-MS results and isotope of species analysis of cyclic products
[bookmark: _Hlk114158396]

Electrochemical capture and release of carbon dioxide


Figure S31. Comparison of infrared spectra of polymers and Selenium carbonate. Note feature at 1732 cm–1, 1654 cm–1 due to the CO2 asymmetric stretch.

[image: ]
Figure32. 13C NMR spectra of Carbonate Formed by Polymer Reacting with Carbon Dioxide（The selenocarbonyl (left) and Thiocarbonyl (right)）
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