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1. Materials
All solvents and materials were used without further purification. Zirconium (IV) chloride (ZrCl4), terephthalic acid (H2BDC), L-alanine, methyl bromide, tetrabutylammonium bromide (TBAB), acetic acid, styrene oxide (SO), epichlorohydrin (ECH), propylene oxide (PPO), N, N-dimethylformamide (DMF), distilled water,  methanol, ethanol, and acetone were purchased from Aldrich. 
2. Characterization
Absorption FT-IR spectra were assessed via a KBr pellet with a Scientific Nicolet 100 instrument. Powder X-ray diffraction (PXRD) analysis was obtained by a Philips X’pert diffractometer equipped with Cu-Kα monochromatic radiation with λ = 1.54056 Å.  Thermal gravimetric analysis was obtained by a PL-STA 1500 instrument under an N2 static atmosphere and a temperature rate of 10 ℃.min-1. Adsorption and desorption of N2 isotherms were obtained using a Micromeritics Tristar II instrument at -196 ℃. Proton nuclear magnetic resonance spectroscopy (1H NMR) was performed from Brucker Avance NEO 500 MHz instrument at room temperature. All conversions for the CO2 fixation procedure were collected by gas chromatography (GC) analysis via the Echrom GC A90 instrument equipped with a flame ionization detector (FID). The elemental composition was analyzed by energy-dispersive X-ray (EDX) spectroscopy employing a Thermo Scientific UltraDry detector under the same accelerating voltage. The surface elemental composition and chemical states of the samples were analyzed by X-ray photoelectron spectroscopy (XPS) using an Escalab 250Xi instrument (Thermo Fisher Scientific) equipped with an Al Kα X-ray source. Circular dichroism (CD) analysis was performed by a J1500 CD Spectrometer with PM-539 detector.
3. Synthesis of Materials
3.1. UiO-66 and UiO-66@Ala
UiO-66 and the corresponding UiO-66@Ala materials were synthesized according to previously reported literature procedures via sol-gel method, with slight modifications to the experimental conditions as described herein. 1, 2 For the synthesis of UiO-66, ZrCl4 (0.934 gr) was completely dissolved in DMF (12 mL). Subsequently, acetic acid (2 mL) was added dropwise to the solution. Furthermore, very slowly deionized water (1 mL) added dropwise to the solution over a period of 10-15 minutes under vigorous stirring. In a separate container, H2BDC (0.7 gr) was dispersed in DMF (8 mL). afterwards, the two solutions were slowly combined and the place the sealed jar in a pre-heated convection oven at 110 °C for 8 hours to form the gel. Then transfer the jar to an oven at 80 °C and allow it to age statically for a further 18 hours to strengthen the gel network. After the jar has cooled to room temperature, collect the gel by vacuum filtration using a Büchner funnel and filter paper. Wash the solid on the filter sequentially with: deionized water (~20 mL), followed by three washes with ethanol (~15 mL each), and three washes with acetone (~15 mL each). Transfer the washed filter paper containing the solid to a convection oven and dry at 80 °C for 12 hours to obtain UiO-66 as a powder.  For UiO-66@Ala, the same synthetic procedure and reaction conditions were employed, except that the organic-linker solution contained equimolar amounts of H2BDC (50%) and L-alanine (50%) instead of 100% of H2BDC, thereby producing the mixed-linker UiO-66@Ala framework.
3.2. Synthesis of UiO-66@Ala/Br⁻
UiO-66@Ala/Br⁻ was prepared through post-synthetic modification of the UiO-66@Ala framework. Briefly, UiO-66@Ala (1.0 g) was dispersed in DMF (40 mL) and sonicated to obtain a homogeneous suspension. In a separate vessel, methyl bromide (0.78 mmol) was dissolved in DMF (10 mL), and the resulting solution was subsequently added slowly and dropwise to the UiO-66@Ala suspension under continuous stirring. The reaction mixture was maintained under stirring at room temperature for 24 h to facilitate the post-synthetic modification. The resulting solid was collected and thoroughly washed with DMF and deionized water to remove unreacted species and residual reagents, followed by drying at 60 °C overnight. Finally, the obtained powder was denoted as UiO-66@Ala/Br⁻.
4. CO2 Fixation setup 
The catalytic cycloaddition of CO2 with epoxides was performed in a glass vial equipped with a magnetic stir bar. In a typical reaction, predetermined amounts of the epoxide substrate, TBAB as the cocatalyst, and the catalysts were introduced into the vial, followed by the introduction of CO2 under low pressure using a CO2-filled balloon. The reaction was conducted under solvent-free conditions with continuous stirring at the specified temperature and reaction time. Upon completion, the reaction mixture was allowed to cool to room temperature, and the products were extracted using 1.5 mL of methanol. The resulting products and catalytic conversion were subsequently evaluated by gas chromatography (GC) and 1H NMR spectroscopy.

[image: ]Figure S1. Transformation of the Zr precursor solution into the master sol and final gel during UiO-66 synthesis
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Figure S2. EDX elemental mapping of UiO-66@Ala showing the spatial distribution of a) Zr, b) C, c) O, d) N, and e) the corresponding combined elemental map.
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Figure S3. EDX elemental mapping of UiO-66@Ala/Br⁻ showing the spatial distribution of a) Zr, b) C, c) O, d) N, e) Br, and f) the corresponding combined elemental map.
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Figure S4. EDX spectroscopy elemental mapping graph of a) UiO-66@Ala and b) UiO-66@Ala/Br⁻.
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Figure S5. FT-IR spectra of UiO-66@Ala and UiO-66@Ala/Br⁻.
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Figure S6. FT-IR spectra of UiO-66.
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Figure S7. N2 adsorption-desorption isotherms and BET surface-area of UiO-66.


5. General Procedure for Sample Preparation for 1H NMR Spectroscopy
The catalyst and pure L-alanine were digested according to a previously reported literature procedure.3, 4 Prior to the NMR measurements, the as-synthesized MOF sample were subjected to digestion using a highly basic 1 M NaOH solution in D2O. Under these strongly basic conditions, additional complications may arise from the base-catalyzed hydrolysis of residual DMF, which should be taken into consideration during the subsequent 1H NMR analysis.
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Scheme S1. DMF decomposition pathway to form formate and dimethylamine.

Because DMF was employed as the solvent during both the synthesis and washing procedures for all materials investigated in this study, residual DMF is expected to remain within the pores of the as-synthesized MOF sample. Consequently, the 1H NMR spectra of the digested as-synthesized MOF may contain signals arising from the base-catalyzed hydrolysis of residual DMF under the strongly alkaline digestion conditions, particularly those attributable to formate and dimethylamine. These additional signals were therefore considered when interpreting the 1H NMR spectra and evaluating the incorporation of the organic linkers (BDC2- and L-alanine) within the MOF frameworks.
[image: ]
Figure S8. 1H NMR spectrum of pure L-alanine recorded in a D2O/NaOH solution.
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Figure S9. 1H NMR spectrum of UiO-66@Ala recorded in a D2O/NaOH solution.
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Figure S10. TGA/DTG profiles of UiO-66.
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Figure S11. CD spectra of pure L-alanine, UiO-66@Ala, and UiO-66@Ala/Br⁻.
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Figure S12. XPS survey spectrum of UiO-66@Ala, confirming the presence of the characteristic constituent elements of the framework.
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Figure S13. XPS survey spectrum of UiO-66@Ala/Br⁻, confirming the presence of the characteristic constituent elements of the framework.
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Figure S14. XPS Br 3d spectrum of UiO-66@Ala/Br⁻.
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Figure S15. Hot filtration test for UiO-66@Ala.
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Figure S16. Hot filtration for UiO-66@Ala/Br-.
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Figure S17. Catalytic conversion and enantiomeric excess (ee) values of UiO-66@Ala over five consecutive reaction cycles.
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Figure S18. Catalytic conversion and enantiomeric excess (ee) values of UiO-66@Ala/Br- over five consecutive reaction cycles.
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Figure S19. Representative GC chromatogram for the conversion of styrene oxide to styrene carbonate catalyzed by UiO-66@Ala. 
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 Figure S20. Representative chiral GC chromatogram for the conversion of styrene oxide to styrene carbonate catalyzed by UiO-66@Ala.
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Figure S21. 1H NMR after CO2 fixation for UiO-66@Ala.
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Figure S22. 1H NMR after CO2 fixation for UiO-66@Ala/Br-.


[image: ]
Figure S23. Possible CO2 fixation reaction mechanism via functionalized UiO-66 catalyst.
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Figure S24. Post-catalytic XPS spectra of UiO-66@Ala after five cycles of CO2 fixation: a) C 1s and b) N 1s.
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Figure S25. Post-catalytic XPS spectra of UiO-66@Ala/Br⁻ after five cycles of CO2 fixation: a) C 1s and b) N 1s.
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Figure f spectra of the Br 3d core level of UiO-66@Ala/Br⁻ before and after five cycles of CO2 fixation.
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Figure S27. FT-IR spectra of UiO-66@Ala and UiO-66@Ala/Br⁻ before and after five cycles of CO2 fixation operation.
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Figure S28. CD analysis of UiO-66@Ala and UiO-66@Ala/Br⁻ before and after five cycles of CO2 fixation operation.



Table S1. XPS binding energies of the different core levels of UiO-66@Ala and UiO-66@Ala/Br⁻ before and after the catalytic reaction.
	Sample
	BE Zr 3d
	BE C 1s
	BE O 1s
	BE N 1s

	UiO-66@Ala
	3d5/2: 182.68 eV, 3d3/2: 185.03 eV
	C-N: 286.07 eV, O-C=O: 288.58 eV
	Zr-O: 531.89 eV, O-C=O: 533.73 eV
	-NH2: 399.48 eV,
-NH3+: 401.08 eV

	UiO-66@Ala
After Operation
	3d5/2: 182.59 eV, 3d3/2: 184.92 eV
	C-N: 286.29 eV, O-C=O: 288.59 eV
	Zr-O: 531.90 eV, O-C=O: 533.22 eV
	-NH2: 399.76 eV,
-NH3+: 401.07 eV

	UiO-66@Ala/Br⁻
	3d5/2: 182.62 eV, 3d3/2: 184.88 eV
	C-N: 285.91 eV, O-C=O: 288.48 eV
	Zr-O: 531.72 eV, O-C=O: 533.71 eV
	-NH2: 399.23 eV,
-NH3+: 400.88 eV

	UiO-66@Ala/Br⁻
After Operation
	3d5/2: 182.77 eV, 3d3/2: 185.10 eV
	C-N: 286.27 eV, O-C=O: 288.67 eV
	Zr-O: 531.78 eV, O-C=O: 533.17 eV
	-NH2: 399.28 eV,
-NH3+: 401.34 eV






Table S2. Optimization of the reaction conditions to CO2 fixation in the conversion to styrene epoxide catalyzed UiO-66@Ala. a
	


	Entry
	Catalyst/co-catalyst ratio (mg/mg)
	Co-catalyst
	T
(ᵒC)
	Time
(h)
	Solvent
	Conversion (%)b
	Enantiomer excess (%)

	1
	10:0
	-
	80 ᵒC
	12
	-
	18
	34

	2
	20:0
	-
	80 ᵒC
	12
	-
	21
	41

	3
	30:0
	-
	80 ᵒC
	12
	-
	24
	30

	4
	40:0
	-
	80 ᵒC
	12
	-
	26
	35

	5
	50:0
	-
	80 ᵒC
	12
	-
	26
	52

	6
	60:0
	-
	80 ᵒC
	12
	-
	27
	45

	7
	30:10
	TBAB
	80 ᵒC
	12
	-
	61
	91

	8
	30:20
	TBAB
	80 ᵒC
	12
	-
	72
	91

	9
	30:40
	TBAB
	80 ᵒC
	12
	-
	82
	92

	10
	30:60
	TBAB
	80 ᵒC
	12
	-
	89
	94

	11
	30:80
	TBAB
	80 ᵒC
	12
	-
	95
	95

	12
	30:100
	TBAB
	80 ᵒC
	12
	-
	99
	99

	13
	30:120
	TBAB
	80 ᵒC
	12
	-
	99
	99

	14
	30:100
	TBAB
	reflux
	12
	CH3CN
	82
	91

	15
	30:100
	TBAB
	reflux
	12
	MeOH
	71
	85

	16
	30:100
	TBAB
	reflux
	12
	DMF
	63
	60

	17
	30:100
	TBAB
	reflux
	12
	THF
	42
	60

	18
	30:100
	TBAB
	reflux
	12
	CHCl3
	56
	60

	19
	30:100
	TBAB
	reflux
	12
	EtOH
	97
	99

	20
	0:100
	TBAB
	80 ᵒC
	12
	-
	28
	0


aReaction conditions epoxide (200 μL), catalyst, TBAB, CO2 (1 atm), 12 h, bGC analysis was performed.


Table S3. Optimization of the reaction conditions to CO2 fixation in the conversion to styrene epoxide catalyzed UiO-66@Ala/Br⁻. a
	


	Entry
	Catalyst (mg)
	T (ᵒC)
	Time (h)
	Solvent
	Conversion (%)b
	Enantiomer excess (%)

	1
	5
	r.t.
	24
	-
	8
	30

	2
	5
	80 
	24
	-
	24
	60

	4
	10
	80 
	24
	-
	35
	79

	5
	20
	80 
	24
	-
	42
	83

	6
	30
	80 
	24
	-
	56
	89

	7
	40
	80 
	24
	-
	58
	90

	8
	50
	80 
	24
	-
	59
	98

	9
	60
	80 
	24
	-
	61
	98

	10
	70
	80
	24
	-
	61
	98

	11
	60
	reflux
	24
	CH3CN
	36
	91

	12
	60
	reflux
	24
	MeOH
	51
	89

	13
	60
	reflux
	24
	DMF
	28
	85

	14
	60
	reflux
	24
	THF
	30
	80

	15
	60
	reflux
	24
	CHCl3
	31
	87

	16
	60
	reflux
	24
	EtOH
	60
	97

	17
	60
	80
	12
	-
	44
	96


aReaction conditions epoxide (200 μL), catalyst, CO2 (1 atm), bGC analysis was performed.


Table S4. Conversion and enantiomeric excess values for the cycloaddition of CO2 with different epoxides under TBAB-assisted and cocatalyst-free conditions.
	Entry
	Product
	Method Aa
	Method Bb

	
	
	Conversion (%)c
	Enantiomer excess (%)
	Conversion
 (%)c
	Enantiomer excess (%)

	1
	

	
99
	
99
	
61
	
99

	2
	

	
94
	
99
	
55
	
99

	3
	

	
94
	
99
	
58
	
99


aReaction conditions (method A): epoxide (200 μL), catalyst (30 mg), TBAB (100 mg), CO2 (1 atm), solvent-free conditions at 80 C, 12 h. aReaction conditions (method B): epoxide (200 μL), catalyst (60 mg), CO2 (1 atm), solvent-free conditions at 80 C, 24 h. cGC analysis was performed.


Table S5. Optimization of the reaction conditions to CO2 fixation in the conversion to styrene epoxide using different catalysts.
	Entry
	Catalyst
	Co-catalyst
	Time (ᵒC)
	Conversion (%)a

	1
	UiO-66 (30 mg)
	TBAB
	80 ᵒC
	65

	2
	ZrCl4 (30 mg)
	TBAB
	80 ᵒC
	45

	3
	L-alanine (30 mg)
	TBAB
	80 ᵒC
	35

	4
	UiO-66@Ala (30 mg)
	TBAB
	80 ᵒC
	99

	5
	UiO-66@Ala/Br- (30 mg)
	-
	80 ᵒC
	44


aReaction conditions: epoxide (200 μL), catalyst (30 mg), CO2 (1 atm), solvent-free conditions at 80 C, 12 h.
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