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k-point convergence.   
[bookmark: OLE_LINK4]The number of k-points Monkhorst−Pack mesh sampling convergence test was performed on adsorption energy of all intermediates in vacuum and solvent models. The adsorption energies were calculated at               k-points of 5  5  1. The 11  11  1 k-point was selected for the calculations performed in this work both in vacuum and explicit solvent models because the adsorption energies obtained from the calculations at 5  5  1 k-point are different with less than 0.02 eV/Å.










Section 1. Fitting the dielectric constant () inside Helmholtz layer For a given solid-liquid interfaces model, theis mainly dependent on the specific electrochemical environments at the interface of the electrode. Different values ofwere adopted in different works, ranging from 2.0 to 6.0 V. In this study, for the used CuAg NPs and Ag SA tandem catalyst on Cu(111) facet -water- imidazolium salts model, thewas determined by a fitting method using Volmer reaction as a model reaction. We first set theto different values (2.0, 3.0, 4.0, 5.0 and 6.0) to calculate the reaction barrier (energy difference between initial and final state) of Volmer reaction. And for each, four different electrode potential (), namely 0.0, -0.5, -1.0, and -1.5 V vs. potential of zero charge (), were considered. In this case, we can fit a linear relationship between ΔE andat each .


Section 2. Correspondence between  and total electric field 


The Stern electric double layer model was used to determine the one-to-one correspondence betweenand, which is described by the Bikerman-Poisson-Boltzmann (BPB) equation. was defined as the distance between the electrode surface and the water layer, and can be directly determined by the explicit solvent model. The induced electric field is related to the electrochemical interfacial environment and was determined by the fitting method as introduced in Section 1.






We first set theto different values (2.0, 3.0, 4.0, 5.0 and 6.0) to calculate the reaction energy ΔG (energy difference between final and initial state) of Volmer reaction. And for each, four different electrode potential (), namely 0.0, -0.5, -1.0, and -1.5 V vs. potential of zero charge () were considered. In this case, we can fit a linear relationship between ΔE and at each as follow: 



where the slope a and intercept b are related to the specific value of . The slope will be equal to the charge transfer (Δq) between initial and final states of the reaction if the Helmholtz model is assumed. However, in the calculation of ΔG using the Cu(111) facet-water-ionic liquid model, the charge of H3O+δ at initial state is uncertain because the H3O+δ is at the interfaces, not in the bulk solution.
Section 3. Calculation of adsorption and reaction free energies

The items of total Gibss free energy for each adsorbate have been listed in Table S2. In structural relaxations, the σ will fluctuate with the structural perturbation of the water layer and electronic redistribution, resulting in varying .
C-C/N coupling mechanisms on CuAg NPs and Ag SA tandem catalyst. The coupling barriers Ecplg were calculated and listed in Table S3.
Section 4. Machine learning workflow Dataset construction. 
We evaluated the NORR performance over 16 catalyst surfaces. four potential reaction pathways for CO2-to-CH2CH2 conversion for each catalyst are considered, generating 64 data points (64 UL(η) values) used in the machine- learning models. As the sure independence screening and sparsifying operator (SISSO) method is effective for relatively small training data sets, only 16 Umax(η) values determined along the optimal reaction pathway among the four possible eCO2R paths for 16 imidazolium salts are selected as the target value. Data cleansing algorithms and feature engineering. As illustrated in Fig. S33-37, the process commences with generating labelled data derived from GC-DFT calculations. We calculated the statistical properties of the data, including the mean and standard deviation (σ), and applied the formula 

                                                               (6) to standardize the dataset. Feature engineering was undertaken to refine the data. After selecting the initial features, we applied the Pearson coefficient’s correlation analysis. This helped remove  highly correlated features (Pearson correlation coefficient |p|≥0.8) to prevent overfitting.
5. Machine Learning algorithm selection. 
Machine learning algorithms, including polynomial regression (PR), support vector regressor (SVR), and extreme gradient boosting regressor (XGBR), were employed to explore the underlying correlation between the catalytic performance and the intrinsic properties of catalysts. The data sets were randomly divided into training and test sets with a 9:1 data split ratio. The SISSO method was further adopted to identify a mathematical and physically intuitive formula between important features and Umax(η). This formula gives a rational design guidance for screening highly active NORR to NH3 SAA catalysts.
CO2Reduction Reaction Pathway
1. *+CO2→*CO2   
2. [bookmark: OLE_LINK12]*+CO2+(H++e-)→*COOH                                
3. *+CO2+2(H++e-)→*CO+H2O 
4. *+2CO2+2(H++e-)→*CO+*CO2+H2O                                             
5. *+2CO2+3(H++e-)→*CO+*COOH+H2O                                           
6. *+2CO2+4(H++e-)→*CO*CO+2H2O                                              
7. *+2CO2+5(H++e-)→*COCOH+2H2O                                              
8. *+2CO2+6(H++e-)→*COHCOH+2H2O    
9. [bookmark: OLE_LINK32]*+2CO2+6(H++e-)→*CCO+3H2O                                              
2. Amination Reaction Pathway
1. *+2CO2+NH3+6(H++e-)→*CCOH(NH2)+3H2O                          
2. *+2CO2+NH3+6(H++e-)→*CHCO(NH2)+3H2O                               
3. *+2CO2+NH3+7(H++e-)→*CH2CO(NH2)+3H2O                                
4. *+2CO2+NH3+8(H++e-)→*CH3CO(NH2)+3H2O                                     
5. *+2CO2+NH3+12(H++e-)→*CH3CH2NH2+4H2O
3. Secondary Reaction 
(COCO Path)
1. *+CO2+2(H++e-)→*CO+H2O                                                    
2. *+2CO2+3(H++e-)→*COCOOH+H2O                                             
3. *+2CO2+4(H++e-)→*CO*CO+2H2O  
(COCOH Path)
1. *+CO2+3(H++e-)→*COH+H2O                                                   
2. *+2CO2+4(H++e-)→*COHCOOH+H2O      
3. [bookmark: OLE_LINK24]*+2CO2+5(H++e-)→*COHCO+2H2O                                             
(CHOCO Path)
1. [bookmark: OLE_LINK59]*+CO2+3(H++e-)→*CHO+H2O                                                   
2. *+2CO2+4(H++e-)→*CHOCOOH+H2O                                           
3. *+2CO2+5(H++e-)→*CHOCO+2H2O                                             
4. *+2CO2+6(H++e-)→*CH(OH)CO+2H2O                                                                                                                                                   
Computational hydrogen electrode model. 
The energy of electron and proton pair is calculated as 1/2H2 according to calculated hydrogen electrode (CHE) by Nørskov, which corresponds to reverse hydrogen electrode (RHE). Therefore, in the RHE, the chemical potential of a proton−electron pair was defined as 1/2H2. Therefore, in the RHE, the chemical potential of a proton-electron pair was defined as: 

                                                      
Figures: 
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[image: ][image: ]Figure S1. Local atomic configurations of reaction microenvironment with imidazolium salts, including cations, anions and a hydronium [H3O]+δ.
[image: ][image: ][image: ]Figure S2. Molecular electrostatic potential map (MEP) and frontier molecular orbitals of ionic liquid.
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[bookmark: OLE_LINK17]Figure S3. (a) Schematic illustration of diversified morphology Ag SAC and CuAg NPs; (b) The formation energies of each morphology of AgCu NPs structures loaded on Cu(111) facet.
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[bookmark: OLE_LINK1]Figure S4. The electronic localization function (ELF) of each morphology of AgCu NPs structures loaded on Cu(111) facet..
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Figure S5. The reaction barrier values for all potential C–C coupling in different C1 precursors in all ionic liquid systems. 
[image: ][image: ][image: ]
Figure S6. Linear relationship for reaction barrier of following C–C coupling as a function of binding energies; Coefficient of linear relationship (R2) and linear fitting equation were also labeled in the Figures.
[image: ][image: ]
Figure S7. Linear relationship for reaction barrier of following C–C coupling as a function of binding energies; Coefficient of linear relationship (R2) and linear fitting equation were also labeled in the Figures.
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Figure S8. Gibbs free energy profile of A2084, B2193, B2194, B2195, B2320, and B2474 ionic liquids on CuAg NPs/Ag SA tandem catalyst for producing ethylene.
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Figure S9. Gibbs free energy profile of B2474, B2475, B2672, D3341, D4654 and D5348 ionic liquids on CuAg NPs/Ag SA tandem catalyst for producing ethylene.
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Figure S10. Gibbs free energy profile of E0490, M3036, M3212 and M3214 ionic liquids on CuAg NPs/Ag SA tandem catalyst for producing ethylene.
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Figure S11. Gibbs free energy profile of A2084, B2193, B2194, B2195, and B2320 ionic liquids on CuAg NPs/Ag SA tandem catalyst for producing acetamide.
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Figure S12. Gibbs free energy profile of B2473, B2474, B2475, B2672 and D3341 ionic liquids on CuAg NPs/Ag SA tandem catalyst for producing acetamide.
[image: ][image: ][image: ][image: ][image: ][image: ]Figure S13. Gibbs free energy profile of D4654, E0490, M3036, M3212 and M3214 ionic liquids on CuAg NPs/Ag SA tandem catalyst for producing ethylene.
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Figure S14. Gibbs free energy profile of B2320 induced ionic liquid under different applied electrode potentials on CuAg NPs/Ag SA tandem catalyst for producing (a) C2H4 and CH3CONH2 from eCO2R via the most preferable pathway, respectively..
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Figure S15. Structures of each reaction intermediate for producing ethylene and acetamide with the A2084 ionic liquid−water interfaces.
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Figure S16. Structures of each reaction intermediate for producing ethylene and acetamide with the B2193 ionic liquid−water interfaces.
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Figure S17. Structures of each reaction intermediate for producing ethylene and acetamide with the B2195 ionic liquid−water interfaces..
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Figure S18. Structures of each reaction intermediate for producing ethylene and acetamide with the B2320 ionic liquid−water interfaces.
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Figure S19. Structures of each reaction intermediate for producing ethylene and acetamide with the B2473 ionic liquid−water interfaces.
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Figure S20. Structures of each reaction intermediate for producing ethylene and acetamide with the B2474 ionic liquid−water interfaces.
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Figure S21.Structures of each reaction intermediate for producing ethylene and acetamide with the B2475 ionic liquid−water interfaces.
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Figure S22.Structures of each reaction intermediate for producing ethylene and acetamide with the B2672 ionic liquid−water interfaces.
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Figure S23. Structures of each reaction intermediate for producing ethylene and acetamide with the D3341 ionic liquid−water interfaces.
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Figure S24. Structures of each reaction intermediate for producing ethylene and acetamide with the E0490 ionic liquid−water interfaces.
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Figure S25. The total energy variations profiles of A2084 imidazolium salts interfacial EDL versus simulation time during AIMD simulation process under 300K and 600K temperatures; (b) The radial distribution function gO-H(r) and gCu-Ag(r), corresponding coordination number (nCN) are also plotted by the solid and dashed lines in A2084 ionic liquid system, respectively; and (c) computational model of A2084 interfacial EDL microenvironment.
[image: ]Figure S26. The radial distribution function of gO-H(r) for all considered ionic liquid systems and corresponding coordination number (nCN) are plotted by the solid and dashed lines of various imidazolium salts, respectively.
[image: ]Figure S27. The radial distribution function of gO-H(r) for all considered ionic liquid systems are plotted..
[image: ][image: ][image: ][image: ]Figure S28. The C−C and C=O bonds distance profile of between imidazolium ring and adsorbed CO2 versus simulation time on CuAg NPs and Ag SA tandem catalyst for all imidazolium salts systems.
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Figure S29. (a-c) The AIMD results of the C=O bond distances variations at 300K for all imidazolium salts, (d) The atomic model of interaction mechanism of between the imidazolium salts and adsorbed CO2 for B2195 and B2320 imidazolium salts.
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Figure S3 Simulated C=O bond distance and O=C=O bond angle profile in adsorbed CO2 versus simulation time for different ionic liquid on CuAg NPs and Ag SA tandem catalyst, respectively.
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Figure S31.Simulated C=O bond distance and O=C=O bond angle profile in adsorbed CO2 versus simulation time for different ionic liquid on CuAg NPs and Ag SA tandem catalyst, respectively.
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Figure S32. The atomic model of interaction mechanism of between the imidazolium salts and CO2, including  cations and anions. 
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Figure S33.Correlation heatmap were plotted based on Pearson’s correlation for relationship between binding energy of before and after C–C/N bonds coupling of each eCO2R C1 intermediate for (a) ethylene synthesis, and (b) acetamide synthesis, respectively.
[image: ]Figure S34. Comparison of UL prediction results from other regression models, including (a) GBR, (b) DT, (c) ET, (d) RF, and (e) SVR.
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Figure S35. Comparison of UL prediction results from other regression models, including (a) GBR, (b) DT, (c) ET, (d) RF, and (e) SVR.
[image: ]
Figure S36. (a). Prediction performance of the initial XGB model prior to descriptor selection. (b) Prediction performance of the refined XGB model after eliminating zero-importance descriptors and retraining during for ethylene synthesis.
 [image: ]
Figure S37. (a). Prediction performance of the final XGB model prior to descriptor selection. (b) Prediction performance of the refined XGB model after eliminating zero-importance descriptors and retraining during for acetamide synthesis.

Tables.
Table S1 the Gibbs free energy of the gas molecular from the DFT calculation at 298.15 K (T).
	CO2
	-23.36583388 
	H2
	-6.87426486 
	CH2CH2
	-28.72437708

	CH3CONH2
	-52.10930419
	H2O
	-14.21570483 
	
	



Table S2 the total Gibbs free energy of each carbon-based intermediate from the DFT calculation at 298.15 K (T).
	Systems
	A2084
	B2193
	B2194
	B2195
	B2320
	B2473
	B2474
	B2475

	Intermediate 
	-768.61 
	-793.06 
	-793.98 
	-818.05 
	-824.73 
	-810.50 
	-841.18 
	-835.04 

	*CO2
	-790.17 
	-814.27 
	-814.60 
	-839.80 
	-846.44 
	-831.63 
	-862.65 
	-856.52 

	*COOH
	-793.77 
	-817.90 
	-818.93 
	-842.70 
	-849.57 
	-835.29 
	-865.20 
	-860.21 

	*CO
	-782.59 
	-808.08 
	-808.57 
	-832.91 
	-839.48 
	-825.20 
	-855.60 
	-849.95 

	*CO+*COOH
	-809.24 
	-832.31 
	-833.92 
	-857.35 
	-864.82 
	-849.60 
	-879.95 
	-874.13 

	*COCO
	-796.60 
	-820.76 
	-821.58 
	-846.97 
	-852.89 
	-838.08 
	-869.64 
	-862.59 

	*COCOH
	-800.63 
	-824.92 
	-824.92 
	-850.16 
	-856.71 
	-842.38 
	-873.04 
	-866.87 

	*COHCOH
	-802.22 
	-828.66 
	-828.96 
	-853.29 
	-859.86 
	-846.62 
	-876.32 
	-868.01 

	*CHOHCOH
	-806.95 
	-833.12 
	-833.79 
	-857.13 
	-864.12 
	-850.75 
	-882.03 
	-875.26 

	*CHOHCHOH
	-813.43 
	-837.67 
	-838.48 
	-862.63 
	-870.04 
	-855.58 
	-885.97 
	-878.98 

	*CHCHOH
	-802.84 
	-826.95 
	-827.98 
	-851.53 
	-858.88 
	-843.85 
	-875.07 
	-868.89 

	*CHCH
	-791.97 
	-816.20 
	-816.82 
	-842.34 
	-847.42 
	-833.13 
	-864.33 
	-857.96 

	*CH2CH
	-795.91 
	-820.51 
	-820.49 
	-845.52 
	-852.52 
	-837.73 
	-868.54 
	-862.16 

	*CH2CH2
	-800.14 
	-825.09 
	-825.68 
	-850.01 
	-856.70 
	-842.15 
	-873.40 
	-866.68 

	*H
	-771.69 
	-796.62 
	-797.08 
	-822.31 
	-828.75 
	-814.47 
	-844.39 
	-838.40 

	*COH
	-785.00 
	-810.02 
	-811.65 
	-835.67 
	-841.91 
	-827.57 
	-858.03 
	-852.41 

	*COH+*COOH
	-810.14 
	-834.89 
	-836.99 
	-861.64 
	-868.38 
	-852.83 
	-883.86 
	-877.46 

	*CHO
	-786.41 
	-811.16 
	-811.74 
	-836.42 
	-842.84 
	-828.64 
	-859.35 
	-852.69 

	*CHO*COOH
	-809.58 
	-835.31 
	-835.54 
	-860.10 
	-866.61 
	-852.85 
	-883.49 
	-877.56 

	*CHOCO
	-800.55 
	-825.40 
	-826.49 
	-851.64 
	-856.57 
	-842.41 
	-873.38 
	-867.83 

	*CHOCHO
	-807.45 
	-832.51 
	-833.28 
	-858.29 
	-864.32 
	-849.35 
	-881.03 
	-873.18 

	*CHOHCHO
	-809.68 
	-834.49 
	-834.52 
	-858.97 
	-866.40 
	-851.83 
	-882.03 
	-875.84 

	*CHOCOH
	-805.24 
	-829.61 
	-829.97 
	-855.70 
	-861.04 
	-847.37 
	-878.29 
	-871.10 

	*CHOHCOH
	-806.95 
	-833.12 
	-833.79 
	-857.13 
	-864.12 
	-850.75 
	-882.03 
	-875.26 

	*CHOHCO
	-804.66 
	-829.07 
	-829.92 
	-854.39 
	-861.20 
	-846.00 
	-873.38 
	-870.37 

	Systems
	B2672
	D3341
	D4654
	D5348
	E0490
	M3036
	M3212
	M3214

	*CO2
	-812.15 
	-744.19 
	-742.57 
	-789.34 
	-761.19 
	-800.50 
	-725.55 
	-769.30 

	*COOH
	-833.28 
	-764.93 
	-764.46 
	-814.65 
	-782.65 
	-821.17 
	-748.66 
	-789.54 

	*CO
	-836.65 
	-769.58 
	-768.16 
	-816.19 
	-785.09 
	-824.65 
	-753.26 
	-794.87 

	*CO+*COOH
	-824.55 
	-758.42 
	-755.28 
	-802.88 
	-775.44 
	-814.86 
	-738.60 
	-782.42 

	*COCO
	-850.90 
	-783.66 
	-784.12 
	-827.94 
	-800.63 
	-839.84 
	-768.18 
	-807.87 

	*COCOH
	-837.15 
	-770.73 
	-768.98 
	-821.46 
	-787.71 
	-827.78 
	-753.27 
	-797.34 

	*COHCOH
	-843.19 
	-777.05 
	-775.28 
	-822.73 
	-792.01 
	-832.83 
	-759.48 
	-801.98 

	*CHOHCOH
	-845.25 
	-776.72 
	-776.25 
	-824.32 
	-793.66 
	-834.06 
	-762.63 
	-803.72 

	*CHOHCHOH
	-852.21 
	-784.20 
	-782.91 
	-833.20 
	-800.24 
	-839.33 
	-765.11 
	-810.14 

	*CHCHOH
	-853.99 
	-788.96 
	-788.13 
	-837.48 
	-806.00 
	-845.13 
	-770.64 
	-812.44 

	*CHCH
	-844.45 
	-778.15 
	-776.70 
	-822.29 
	-794.73 
	-833.92 
	-759.37 
	-801.84 

	*CH2CH
	-833.77 
	-767.61 
	-766.90 
	-816.58 
	-784.57 
	-822.14 
	-747.79 
	-788.67 

	*CH2CH2
	-837.14 
	-771.21 
	-770.03 
	-815.76 
	-787.56 
	-827.04 
	-752.59 
	-796.28 

	*H
	-842.67 
	-775.65 
	-774.80 
	-820.63 
	-792.26 
	-832.35 
	-757.15 
	-799.82 

	*COH
	-814.68 
	-747.75 
	-746.40 
	-793.27 
	-764.99 
	-806.02 
	-728.03 
	-770.39 

	*COH+*COOH
	-827.19 
	-761.52 
	-760.38 
	-805.99 
	-778.02 
	-817.37 
	-741.33 
	-788.10 

	*CHO
	-854.77 
	-785.90 
	-784.75 
	-834.29 
	-802.07 
	-840.52 
	-768.75 
	-810.69 

	*CHO*COOH
	-829.11 
	-761.70 
	-761.23 
	-806.91 
	-778.77 
	-819.88 
	-746.26 
	-786.14 

	*CHOCO
	-851.60 
	-786.44 
	-785.50 
	-835.50 
	-802.81 
	-842.83 
	-770.06 
	-811.81 

	*CHOCHO
	-842.70 
	-776.59 
	-772.28 
	-825.59 
	-794.01 
	-829.75 
	-761.13 
	-802.16 

	*CHOHCHO
	-848.96 
	-783.06 
	-781.54 
	-830.32 
	-799.74 
	-840.52 
	-764.97 
	-803.65 

	*CHOCOH
	-850.43 
	-784.72 
	-784.18 
	-833.10 
	-801.77 
	-840.56 
	-766.56 
	-808.66 

	*CHOHCOH
	-847.01 
	-780.80 
	-779.16 
	-829.79 
	-797.22 
	-838.19 
	-763.48 
	-801.43 

	*CHOHCO
	-852.21 
	-784.20 
	-782.91 
	-833.20 
	-800.24 
	-839.33 
	-765.11 
	-810.14 

	*CO2
	-846.59 
	-780.78 
	-779.48 
	-824.41 
	-796.15 
	-835.66 
	-764.18 
	-802.56 



Table S3 The coupling energy of both C–C and C–N coupling during ethylene and acetamide synthesis.
	Systems
	Bmim
	M3212
	M3214
	A2084

	Species
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup

	CCONH2
	-842.88 
	-840.61 
	-2.26 
	-767.83 
	-769.44 
	1.61 
	-808.69 
	-806.66 
	-2.03 
	-811.73 
	-810.46 
	-1.27 

	COCO
	-828.82 
	-827.78 
	-1.04 
	-755.97 
	-753.27 
	-2.70 
	-799.44 
	-797.34 
	-2.10 
	-797.42 
	-796.60 
	-0.82 

	CHOCHO
	-836.41 
	-840.52 
	4.11 
	-761.55 
	-764.97 
	3.42 
	-802.35 
	-803.65 
	1.30 
	-804.42 
	-807.45 
	3.03 

	COHCOH
	-834.87 
	-834.06 
	-0.81 
	-760.36 
	-762.63 
	2.27 
	-806.38 
	-803.72 
	-2.66 
	-802.07 
	-802.22 
	0.16 

	CH2CH2
	-830.29 
	-832.35 
	2.06 
	-755.76 
	-757.15 
	1.39 
	-800.23 
	-799.82 
	-0.41 
	-798.88 
	-800.14 
	1.26 

	CHCH
	-823.00 
	-822.14 
	-0.85 
	-747.49 
	-747.79 
	0.31 
	-790.17 
	-788.67 
	-1.50 
	-790.65 
	-791.97 
	1.31 

	CHOHCHOH
	-842.09 
	-845.13 
	3.04 
	-766.20 
	-770.64 
	4.43 
	-806.74 
	-812.44 
	5.70 
	-810.12 
	-813.43 
	3.31 

	CHOHCO
	-835.76 
	-835.66 
	-0.10 
	-759.36 
	-764.18 
	4.81 
	-803.19 
	-802.56 
	-0.63 
	-803.97 
	-804.66 
	0.69 

	CHOHCHO
	-840.29 
	-840.56 
	0.27 
	-764.46 
	-766.56 
	2.10 
	-806.71 
	-808.66 
	1.95 
	-806.59 
	-809.68 
	3.09 

	CHOHCOH
	-838.32 
	-839.33 
	1.01 
	-761.78 
	-765.11 
	3.33 
	-807.67 
	-810.14 
	2.48 
	-806.42 
	-806.95 
	0.52 

	COCOH
	-832.89 
	-832.83 
	-0.06 
	-758.01 
	-759.48 
	1.46 
	-800.29 
	-801.98 
	1.69 
	-801.17 
	-800.63 
	-0.54 

	COCHO
	-831.97 
	-829.75 
	-2.22 
	-758.80 
	-761.13 
	2.33 
	-803.11 
	-802.16 
	-0.95 
	-799.65 
	-800.55 
	0.90 

	CHOCOH
	-837.58 
	-840.61 
	3.04 
	-759.41 
	-763.48 
	4.07 
	-804.03 
	-801.43 
	-2.60 
	-802.80 
	-805.24 
	2.44 

	Systems
	D3341
	E0490
	D5348
	D4654

	
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup

	CCONH3
	-787.00 
	-785.80 
	-1.20 
	-802.83 
	-802.61 
	-0.22 
	-834.53 
	-833.15 
	-1.39 
	-785.46 
	-784.97 
	-0.50 

	COCO
	-773.65 
	-770.73 
	-2.92 
	-790.21 
	-787.71 
	-2.50 
	-817.85 
	-821.46 
	3.60 
	-772.90 
	-768.98 
	-3.93 

	CHOCHO
	-780.25 
	-783.06 
	2.81 
	-796.63 
	-799.74 
	3.12 
	-824.89 
	-830.32 
	5.43 
	-780.07 
	-781.54 
	1.47 

	COHCOH
	-779.00 
	-776.72 
	-2.28 
	-794.14 
	-793.66 
	-0.48 
	-827.92 
	-824.32 
	-3.60 
	-778.91 
	-776.25 
	-2.66 

	CH2CH2
	-773.19 
	-775.65 
	2.46 
	-791.34 
	-792.26 
	0.91 
	-815.33 
	-820.63 
	5.30 
	-773.40 
	-774.80 
	1.40 

	CHCH
	-766.24 
	-767.61 
	1.37 
	-783.57 
	-784.57 
	1.00 
	-811.22 
	-816.58 
	5.36 
	-765.18 
	-766.90 
	1.72 

	CHOHCHOH
	-785.53 
	-788.96 
	3.43 
	-801.61 
	-806.00 
	4.39 
	-835.01 
	-837.48 
	2.46 
	-783.54 
	-788.13 
	4.59 

	CHOHCO
	-778.85 
	-780.78 
	1.93 
	-795.31 
	-796.15 
	0.84 
	-823.82 
	-824.41 
	0.59 
	-778.13 
	-779.48 
	1.35 

	CHOHCHO
	-782.70 
	-784.72 
	2.03 
	-798.20 
	-801.77 
	3.57 
	-827.51 
	-833.10 
	5.60 
	-780.93 
	-784.18 
	3.25 

	CHOHCOH
	-778.94 
	-784.20 
	5.26 
	-798.03 
	-800.24 
	2.21 
	-829.44 
	-833.20 
	3.76 
	-779.75 
	-782.91 
	3.16 

	COCOH
	-776.81 
	-777.05 
	0.24 
	-793.10 
	-792.01 
	-1.08 
	-818.25 
	-822.73 
	4.49 
	-775.64 
	-775.28 
	-0.37 

	COCHO
	-776.41 
	-776.59 
	0.18 
	-793.18 
	-794.01 
	0.83 
	-826.13 
	-825.59 
	-0.54 
	-775.92 
	-772.28 
	-3.64 

	CHOCOH
	-778.51 
	-780.80 
	2.29 
	-794.70 
	-797.22 
	2.52 
	-829.30 
	-829.79 
	0.50 
	-777.45 
	-779.16 
	1.71 

	Systems
	B2193
	B2194
	B2195
	B2320

	Species
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup

	CCONH3
	-836.38 
	-835.13 
	-1.25 
	-836.14 
	-835.89 
	-0.25 
	-861.40 
	-860.32 
	-1.07 
	-867.52 
	-867.12 
	-0.39 

	COCO
	-823.00 
	-820.76 
	-2.24 
	-823.51 
	-821.58 
	-1.94 
	-847.87 
	-846.97 
	-0.90 
	-854.99 
	-852.89 
	-2.10 

	CHOCHO
	-829.26 
	-832.51 
	3.25 
	-830.07 
	-833.28 
	3.20 
	-854.63 
	-858.29 
	3.66 
	-860.42 
	-864.32 
	3.90 

	COHCOH
	-828.29 
	-828.66 
	0.36 
	-828.59 
	-828.96 
	0.36 
	-853.47 
	-853.29 
	-0.18 
	-859.38 
	-859.86 
	0.48 

	CH2CH2
	-823.83 
	-825.09 
	1.27 
	-824.04 
	-825.68 
	1.64 
	-849.19 
	-850.01 
	0.81 
	-855.84 
	-856.70 
	0.86 

	CHCH
	-815.54 
	-816.20 
	0.67 
	-816.04 
	-816.82 
	0.77 
	-840.87 
	-842.34 
	1.47 
	-846.69 
	-847.42 
	0.73 

	CHOHCHOH
	-834.33 
	-837.67 
	3.34 
	-834.98 
	-838.48 
	3.50 
	-861.23 
	-862.63 
	1.40 
	-866.38 
	-870.04 
	3.66 

	CHOHCO
	-828.29 
	-829.07 
	0.78 
	-828.51 
	-829.92 
	1.41 
	-853.31 
	-854.39 
	1.08 
	-860.41 
	-861.20 
	0.79 

	CHOHCHO
	-831.20 
	-834.49 
	3.29 
	-832.26 
	-834.52 
	2.26 
	-856.82 
	-858.97 
	2.15 
	-863.40 
	-866.40 
	2.99 

	CHOHCOH
	-830.31 
	-833.12 
	2.81 
	-831.11 
	-833.79 
	2.67 
	-856.06 
	-857.13 
	1.08 
	-862.14 
	-864.12 
	1.99 

	COCOH
	-826.12 
	-824.92 
	-1.19 
	-826.40 
	-824.92 
	-1.48 
	-850.46 
	-850.16 
	-0.30 
	-857.24 
	-856.71 
	-0.53 

	COCHO
	-825.60 
	-825.40 
	-0.20 
	-826.34 
	-826.49 
	0.15 
	-850.55 
	-851.64 
	1.09 
	-858.17 
	-856.57 
	-1.61 

	CHOCOH
	-826.63 
	-829.61 
	2.98 
	-827.56 
	-829.97 
	2.41 
	-854.39 
	-855.70 
	1.31 
	-859.78 
	-861.04 
	1.26 

	Systems
	B2473
	B2474
	B2475
	B2672

	Species
	Before
	After
	ΔECoup
	Before
	After
	
	Before
	After
	ΔECoup
	Before
	After
	ΔECoup

	CCONH3
	-852.71 
	-852.75 
	0.05 
	-883.20 
	-883.74 
	0.53 
	-876.58 
	-877.06 
	0.47 
	-853.41 
	-851.44 
	-1.96 

	COCO
	-839.67 
	-838.08 
	-1.59 
	-870.43 
	-869.64 
	-0.79 
	-862.77 
	-862.59 
	-0.18 
	-841.32 
	-837.15 
	-4.16 

	CHOCHO
	-846.52 
	-849.35 
	2.84 
	-877.44 
	-881.03 
	3.59 
	-870.00 
	-873.18 
	3.18 
	-846.42 
	-848.96 
	2.54 

	COHCOH
	-845.27 
	-846.62 
	1.35 
	-876.29 
	-876.32 
	0.03 
	-868.14 
	-868.01 
	-0.14 
	-843.36 
	-848.96 
	5.60 

	CH2CH2
	-840.60 
	-842.15 
	1.55 
	-869.59 
	-873.40 
	3.81 
	-864.11 
	-866.68 
	2.57 
	-840.30 
	-842.67 
	2.38 

	CHCH
	-833.04 
	-833.13 
	0.09 
	-863.09 
	-864.33 
	1.23 
	-856.45 
	-857.96 
	1.52 
	-832.04 
	-833.77 
	1.72 

	CHOHCHOH
	-852.41 
	-855.58 
	3.17 
	-882.53 
	-885.97 
	3.44 
	-875.39 
	-878.98 
	3.59 
	-851.84 
	-853.99 
	2.15 

	CHOHCO
	-845.23 
	-846.00 
	0.78 
	-875.88 
	-873.38 
	-2.49 
	-868.94 
	-870.37 
	1.43 
	-844.44 
	-846.59 
	2.15 

	CHOHCHO
	-848.72 
	-851.83 
	3.12 
	-879.74 
	-882.03 
	2.29 
	-872.68 
	-875.84 
	3.16 
	-851.16 
	-850.43 
	-0.73 

	CHOHCOH
	-849.20 
	-850.75 
	1.54 
	-879.12 
	-882.03 
	2.91 
	-871.53 
	-875.26 
	3.72 
	-847.97 
	-852.21 
	4.24 

	COCOH
	-842.70 
	-842.38 
	-0.31 
	-873.54 
	-873.04 
	-0.50 
	-867.43 
	-866.87 
	-0.55 
	-844.10 
	-843.19 
	-0.91 

	COCHO
	-843.12 
	-842.41 
	-0.71 
	-874.28 
	-873.38 
	-0.90 
	-866.12 
	-867.83 
	1.71 
	-843.72 
	-842.70 
	-1.02 

	CHOCOH
	-843.94 
	-847.37 
	3.43 
	-877.23 
	-878.29 
	1.06 
	-870.24 
	-871.10 
	0.85 
	-842.89 
	-847.01 
	4.12 



Table S4 the Gibbs free energy of the gas molecular from the DFT calculation at 298.15 K (T).
	System
	A2084
	B2193
	B2194
	B2195
	B2320
	B2473
	B2474
	B2475

	*
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	*CO2
	1.81
	2.16
	2.74
	1.61
	1.66
	2.24
	1.89
	1.88

	*COOH
	1.64
	1.97
	1.86
	2.15
	1.96
	2.02
	2.79
	1.63

	*CO
	2.04
	1.00
	1.43
	1.16
	1.28
	1.33
	1.60
	1.11

	*CO+*COOH
	2.20
	3.58
	2.89
	3.52
	2.74
	3.73
	4.06
	3.74

	*COCO
	4.06
	4.35
	4.45
	3.12
	3.89
	4.47
	3.59
	4.49

	*COCOH
	3.47
	3.62
	4.55
	3.37
	3.51
	3.61
	3.62
	3.65

	*COHCOH
	5.31
	3.33
	3.95
	3.68
	3.80
	2.81
	3.79
	5.95

	*CHOHCOH
	4.02
	2.30
	2.56
	3.27
	2.97
	2.12
	1.51
	2.14

	*CHOHCHOH
	0.97
	1.19
	1.30
	1.21
	0.49
	0.72
	1.00
	1.85

	*CHCHOH
	0.79
	1.12
	1.02
	1.54
	0.87
	1.67
	1.13
	1.17

	*CHCH
	0.88
	1.09
	1.41
	-0.05
	1.55
	1.61
	1.09
	1.32

	*CH2CH
	0.37
	0.23
	1.17
	0.20
	-0.12
	0.45
	0.31
	0.56

	*CH2CH2
	-0.42
	-0.92
	-0.58
	-0.85
	-0.86
	-0.53
	-1.10
	-0.53

	*H
	0.36
	-0.12
	0.34
	-0.83
	-0.59
	-0.53
	0.22
	0.07

	*COH
	3.07
	2.50
	1.79
	1.84
	2.28
	2.39
	2.61
	2.09

	*COH*COOH
	4.73
	4.44
	3.26
	2.67
	2.62
	3.94
	3.58
	3.84

	*CHO
	1.66
	1.36
	1.70
	1.08
	1.35
	1.33
	1.29
	1.81

	*CHO*COOH
	5.29
	4.02
	4.71
	4.21
	4.38
	3.92
	3.96
	3.74

	*CHOCO
	3.54
	3.15
	2.98
	1.89
	3.65
	3.58
	3.28
	2.70

	*CHOCHO
	0.08
	-0.53
	-0.37
	-1.32
	-0.66
	0.07
	-0.93
	0.78

	*CHOHCHO
	-2.15
	-2.51
	-1.61
	-2.00
	-2.74
	-2.41
	-1.93
	-1.88

	*CHOCOH
	5.73
	5.81
	6.37
	4.70
	6.05
	5.50
	5.25
	6.30

	*CHOHCOH
	4.02
	2.30
	2.56
	3.27
	2.97
	2.12
	1.51
	2.14

	*CHOHCO
	2.87
	2.91
	2.99
	2.58
	2.45
	3.42
	6.72
	3.59

	System
	B2672
	D3341
	D4654
	D5348
	E0490
	M3036
	M3212
	M3214

	*
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	*CO2
	2.24
	2.63
	1.47
	-1.94
	1.90
	2.70
	0.25
	3.13

	*COOH
	2.31
	1.42
	1.21
	-0.04
	2.89
	2.65
	-0.90
	1.23

	*CO
	3.63
	1.80
	3.31
	2.49
	1.77
	1.66
	2.97
	2.91

	*CO+*COOH
	4.08
	3.36
	1.28
	4.23
	3.38
	3.48
	0.20
	4.26

	*COCO
	7.05
	5.51
	5.64
	-0.06
	5.52
	4.77
	4.33
	4.01

	*COCOH
	4.45
	2.62
	2.78
	2.10
	4.66
	3.15
	1.56
	2.81

	*COHCOH
	5.83
	6.40
	5.24
	3.95
	6.45
	5.36
	1.84
	4.51

	*CHOHCOH
	2.30
	2.35
	2.02
	-1.50
	3.31
	3.53
	2.80
	1.52

	*CHOHCHOH
	3.96
	1.03
	0.24
	-2.34
	0.98
	1.17
	0.71
	2.66

	*CHCHOH
	2.72
	1.06
	0.89
	2.07
	1.48
	1.60
	1.20
	2.48

	*CHCH
	2.62
	0.83
	-0.09
	-3.00
	0.86
	2.60
	2.00
	4.87

	*CH2CH
	2.69
	0.66
	0.22
	1.26
	1.30
	1.14
	0.64
	0.70

	*CH2CH2
	0.59
	-0.34
	-1.12
	-0.17
	0.04
	-0.73
	-0.48
	0.60

	CH2CH2
	2.39
	2.39
	2.39
	2.39
	2.39
	2.39
	2.39
	2.39

	*H
	0.91
	-0.12
	-0.40
	-0.49
	-0.37
	-2.08
	0.96
	2.35

	*COH
	4.43
	2.13
	1.65
	2.82
	2.63
	2.59
	3.69
	0.66

	*COH*COOH
	3.65
	4.56
	4.09
	1.32
	5.38
	6.25
	3.06
	4.87

	*CHO
	2.50
	1.96
	0.80
	1.89
	1.88
	0.09
	-1.25
	2.62

	*CHO*COOH
	6.81
	4.02
	3.34
	0.11
	4.64
	3.94
	1.75
	3.75

	*CHOCO
	4.94
	3.08
	5.78
	-0.77
	2.66
	6.23
	-0.09
	2.62

	*CHOCHO
	2.12
	0.06
	-0.05
	-2.05
	0.36
	-1.10
	-0.50
	4.57

	*CHOHCHO
	0.65
	-1.61
	-2.69
	-4.84
	-1.66
	-1.14
	-2.08
	-0.44

	*CHOCOH
	7.50
	5.75
	5.77
	1.91
	6.33
	4.67
	4.43
	6.80

	*CHOHCOH
	2.30
	2.35
	2.02
	-1.50
	3.31
	3.53
	2.80
	1.52

	*CHOHCO
	4.49
	2.34
	2.01
	3.85
	3.96
	3.76
	0.29
	5.66



Table S5 the Gibbs free energy of the gas molecular from the DFT calculation at 298.15 K (T).
	UL
	COCO
	COCOH
	COCHO
	CHOCOH
	Cat_LogP
	Cat_TPSA
	An_MolWt
	An_LogP

	-1.86
	-0.82
	-0.54
	0.90
	2.44
	0.41
	8.81
	35.45
	-3.00

	-2.58
	-2.24
	-1.19
	-0.20
	2.98
	1.11
	8.81
	79.90
	-3.00

	-1.56
	-1.94
	-1.48
	0.15
	2.41
	1.11
	8.81
	35.45
	-3.00

	-2.36
	-0.90
	-0.30
	1.09
	1.31
	1.11
	8.81
	86.80
	1.30

	-1.46
	-2.10
	-0.53
	-1.61
	1.26
	1.11
	8.81
	144.96
	3.38

	-2.40
	-1.59
	-0.31
	-0.71
	3.43
	1.42
	8.81
	35.45
	-3.00

	-2.46
	-0.79
	-0.50
	-0.90
	1.06
	1.42
	8.81
	144.96
	3.38

	-2.62
	-0.18
	-0.55
	1.71
	0.85
	1.42
	8.81
	86.80
	1.30

	-2.97
	-4.16
	-0.91
	-1.02
	4.12
	1.11
	8.81
	197.66
	2.76

	-3.77
	-2.92
	0.24
	0.18
	2.29
	-0.15
	8.81
	35.45
	-3.00

	-4.37
	-3.93
	-0.37
	-3.64
	1.71
	-0.15
	8.81
	126.90
	-3.00

	-4.41
	3.60
	4.49
	-0.54
	0.50
	-0.15
	8.81
	111.10
	-0.64

	-2.14
	-2.50
	-1.08
	0.83
	2.52
	0.33
	8.81
	35.45
	-3.00

	-2.21
	-1.04
	-0.06
	-2.22
	3.04
	0.72
	8.81
	86.80
	1.30

	-4.13
	-2.70
	1.46
	2.33
	4.07
	0.42
	17.82
	80.91
	0.58

	-2.39
	-2.10
	1.69
	-0.95
	-2.60
	0.42
	17.82
	149.07
	0.05

	-1.84
	-0.82
	-0.54
	0.90
	2.44
	0.41
	8.81
	35.45
	-3.00

	-1.93
	-2.24
	-1.19
	-0.20
	2.98
	1.11
	8.81
	79.90
	-3.00

	-1.47
	-1.94
	-1.48
	0.15
	2.41
	1.11
	8.81
	35.45
	-3.00

	-0.84
	-0.90
	-0.30
	1.09
	1.31
	1.11
	8.81
	86.80
	1.30

	-1.00
	-2.10
	-0.53
	-1.61
	1.26
	1.11
	8.81
	144.96
	3.38

	-1.55
	-1.59
	-0.31
	-0.71
	3.43
	1.42
	8.81
	35.45
	-3.00

	-1.01
	-0.79
	-0.50
	-0.90
	1.06
	1.42
	8.81
	144.96
	3.38

	-2.30
	-0.18
	-0.55
	1.71
	0.85
	1.42
	8.81
	86.80
	1.30

	-1.66
	-4.16
	-0.91
	-1.02
	4.12
	1.11
	8.81
	197.66
	2.76

	-3.77
	-2.92
	0.24
	0.18
	2.29
	-0.15
	8.81
	35.45
	-3.00

	-2.46
	-3.93
	-0.37
	-3.64
	1.71
	-0.15
	8.81
	126.90
	-3.00

	-4.41
	3.60
	4.49
	-0.54
	0.50
	-0.15
	8.81
	111.10
	-0.64

	-2.75
	-2.50
	-1.08
	0.83
	2.52
	0.33
	8.81
	35.45
	-3.00

	-3.66
	-1.04
	-0.06
	-2.22
	3.04
	0.72
	8.81
	86.80
	1.30

	-3.87
	-2.70
	1.46
	2.33
	4.07
	0.42
	17.82
	80.91
	0.58

	-4.21
	-2.10
	1.69
	-0.95
	-2.60
	0.42
	17.82
	149.07
	0.05

	-3.63
	-0.82
	-0.54
	0.90
	2.44
	0.41
	8.81
	35.45
	-3.00

	-3.70
	-2.24
	-1.19
	-0.20
	2.98
	1.11
	8.81
	79.90
	-3.00

	-3.00
	-1.94
	-1.48
	0.15
	2.41
	1.11
	8.81
	35.45
	-3.00

	-3.21
	-0.90
	-0.30
	1.09
	1.31
	1.11
	8.81
	86.80
	1.30

	-3.23
	-2.10
	-0.53
	-1.61
	1.26
	1.11
	8.81
	144.96
	3.38

	-3.13
	-1.59
	-0.31
	-0.71
	3.43
	1.42
	8.81
	35.45
	-3.00

	-2.93
	-0.79
	-0.50
	-0.90
	1.06
	1.42
	8.81
	144.96
	3.38

	-3.73
	-0.18
	-0.55
	1.71
	0.85
	1.42
	8.81
	86.80
	1.30

	-4.31
	-4.16
	-0.91
	-1.02
	4.12
	1.11
	8.81
	197.66
	2.76

	-2.64
	-2.92
	0.24
	0.18
	2.29
	-0.15
	8.81
	35.45
	-3.00

	-2.93
	-3.93
	-0.37
	-3.64
	1.71
	-0.15
	8.81
	126.90
	-3.00

	-4.41
	3.60
	4.49
	-0.54
	0.50
	-0.15
	8.81
	111.10
	-0.64

	-2.76
	-2.50
	-1.08
	0.83
	2.52
	0.33
	8.81
	35.45
	-3.00

	-3.85
	-1.04
	-0.06
	-2.22
	3.04
	0.72
	8.81
	86.80
	1.30

	-3.87
	-2.70
	1.46
	2.33
	4.07
	0.42
	17.82
	80.91
	0.58

	-3.10
	-2.10
	1.69
	-0.95
	-2.60
	0.42
	17.82
	149.07
	0.05

	-3.63
	-0.82
	-0.54
	0.90
	2.44
	0.41
	8.81
	35.45
	-3.00

	-2.66
	-2.24
	-1.19
	-0.20
	2.98
	1.11
	8.81
	79.90
	-3.00

	-3.00
	-1.94
	-1.48
	0.15
	2.41
	1.11
	8.81
	35.45
	-3.00

	-3.12
	-0.90
	-0.30
	1.09
	1.31
	1.11
	8.81
	86.80
	1.30

	-3.03
	-2.10
	-0.53
	-1.61
	1.26
	1.11
	8.81
	144.96
	3.38

	-2.59
	-1.59
	-0.31
	-0.71
	3.43
	1.42
	8.81
	35.45
	-3.00

	-3.44
	-0.79
	-0.50
	-0.90
	1.06
	1.42
	8.81
	144.96
	3.38

	-1.93
	-0.18
	-0.55
	1.71
	0.85
	1.42
	8.81
	86.80
	1.30

	-4.31
	-4.16
	-0.91
	-1.02
	4.12
	1.11
	8.81
	197.66
	2.76

	-2.06
	-2.92
	0.24
	0.18
	2.29
	-0.15
	8.81
	35.45
	-3.00

	-2.53
	-3.93
	-0.37
	-3.64
	1.71
	-0.15
	8.81
	126.90
	-3.00

	-4.62
	3.60
	4.49
	-0.54
	0.50
	-0.15
	8.81
	111.10
	-0.64

	-2.76
	-2.50
	-1.08
	0.83
	2.52
	0.33
	8.81
	35.45
	-3.00

	-3.85
	-1.04
	-0.06
	-2.22
	3.04
	0.72
	8.81
	86.80
	1.30

	-3.87
	-2.70
	1.46
	2.33
	4.07
	0.42
	17.82
	80.91
	0.58

	-3.04
	-2.10
	1.69
	-0.95
	-2.60
	0.42
	17.82
	149.07
	0.05



Table S6 the Gibbs free energy of the gas molecular from the DFT calculation at 298.15 K (T).
	An_HAcceptors
	An_RotBonds
	path
	Min_EN
	Max_EN
	AvgDev_GSgap
	HOMO
	LUMO

	0.00
	0.00
	1.00
	1.90
	3.44
	2.95
	0.17
	-0.22

	0.00
	0.00
	1.00
	1.90
	3.44
	3.05
	0.14
	-0.27

	0.00
	0.00
	1.00
	1.90
	3.44
	3.05
	0.14
	-0.29

	0.00
	0.00
	1.00
	1.90
	3.98
	3.00
	0.10
	-0.39

	0.00
	0.00
	1.00
	1.90
	3.98
	2.97
	0.10
	-0.40

	0.00
	0.00
	1.00
	1.90
	3.44
	3.10
	0.15
	-0.29

	0.00
	0.00
	1.00
	1.90
	3.98
	3.02
	0.13
	-0.38

	0.00
	0.00
	1.00
	1.90
	3.98
	3.05
	0.14
	-0.37

	0.00
	0.00
	1.00
	1.83
	3.44
	3.01
	0.13
	-0.34

	0.00
	0.00
	1.00
	1.90
	3.44
	2.88
	0.14
	-0.29

	0.00
	0.00
	1.00
	1.90
	3.44
	2.88
	0.13
	-0.33

	4.00
	2.00
	1.00
	1.90
	3.44
	2.93
	0.13
	-0.38

	0.00
	0.00
	1.00
	1.90
	3.44
	2.94
	0.14
	-0.29

	0.00
	0.00
	1.00
	1.90
	3.98
	2.94
	0.13
	-0.39

	0.00
	0.00
	1.00
	1.90
	3.44
	2.81
	0.14
	-0.31

	3.00
	0.00
	1.00
	1.90
	3.98
	2.74
	0.19
	-0.31

	0.00
	0.00
	2.00
	1.90
	3.44
	2.95
	0.17
	-0.22

	0.00
	0.00
	2.00
	1.90
	3.44
	3.05
	0.14
	-0.27

	0.00
	0.00
	2.00
	1.90
	3.44
	3.05
	0.14
	-0.29

	0.00
	0.00
	2.00
	1.90
	3.98
	3.00
	0.10
	-0.39

	0.00
	0.00
	2.00
	1.90
	3.98
	2.97
	0.10
	-0.40

	0.00
	0.00
	2.00
	1.90
	3.44
	3.10
	0.15
	-0.29

	0.00
	0.00
	2.00
	1.90
	3.98
	3.02
	0.13
	-0.38

	0.00
	0.00
	2.00
	1.90
	3.98
	3.05
	0.14
	-0.37

	0.00
	0.00
	2.00
	1.83
	3.44
	3.01
	0.13
	-0.34

	0.00
	0.00
	2.00
	1.90
	3.44
	2.88
	0.14
	-0.29

	0.00
	0.00
	2.00
	1.90
	3.44
	2.88
	0.13
	-0.33

	4.00
	2.00
	2.00
	1.90
	3.44
	2.93
	0.13
	-0.38

	0.00
	0.00
	2.00
	1.90
	3.44
	2.94
	0.14
	-0.29

	0.00
	0.00
	2.00
	1.90
	3.98
	2.94
	0.13
	-0.39

	0.00
	0.00
	2.00
	1.90
	3.44
	2.81
	0.14
	-0.31

	3.00
	0.00
	2.00
	1.90
	3.98
	2.74
	0.19
	-0.31

	0.00
	0.00
	3.00
	1.90
	3.44
	2.95
	0.17
	-0.22

	0.00
	0.00
	3.00
	1.90
	3.44
	3.05
	0.14
	-0.27

	0.00
	0.00
	3.00
	1.90
	3.44
	3.05
	0.14
	-0.29

	0.00
	0.00
	3.00
	1.90
	3.98
	3.00
	0.10
	-0.39

	0.00
	0.00
	3.00
	1.90
	3.98
	2.97
	0.10
	-0.40

	0.00
	0.00
	3.00
	1.90
	3.44
	3.10
	0.15
	-0.29

	0.00
	0.00
	3.00
	1.90
	3.98
	3.02
	0.13
	-0.38

	0.00
	0.00
	3.00
	1.90
	3.98
	3.05
	0.14
	-0.37

	0.00
	0.00
	3.00
	1.83
	3.44
	3.01
	0.13
	-0.34

	0.00
	0.00
	3.00
	1.90
	3.44
	2.88
	0.14
	-0.29

	0.00
	0.00
	3.00
	1.90
	3.44
	2.88
	0.13
	-0.33

	4.00
	2.00
	3.00
	1.90
	3.44
	2.93
	0.13
	-0.38

	0.00
	0.00
	3.00
	1.90
	3.44
	2.94
	0.14
	-0.29

	0.00
	0.00
	3.00
	1.90
	3.98
	2.94
	0.13
	-0.39

	0.00
	0.00
	3.00
	1.90
	3.44
	2.81
	0.14
	-0.31

	3.00
	0.00
	3.00
	1.90
	3.98
	2.74
	0.19
	-0.31

	0.00
	0.00
	4.00
	1.90
	3.44
	2.95
	0.17
	-0.22

	0.00
	0.00
	4.00
	1.90
	3.44
	3.05
	0.14
	-0.27

	0.00
	0.00
	4.00
	1.90
	3.44
	3.05
	0.14
	-0.29

	0.00
	0.00
	4.00
	1.90
	3.98
	3.00
	0.10
	-0.39

	0.00
	0.00
	4.00
	1.90
	3.98
	2.97
	0.10
	-0.40

	0.00
	0.00
	4.00
	1.90
	3.44
	3.10
	0.15
	-0.29

	0.00
	0.00
	4.00
	1.90
	3.98
	3.02
	0.13
	-0.38

	0.00
	0.00
	4.00
	1.90
	3.98
	3.05
	0.14
	-0.37

	0.00
	0.00
	4.00
	1.83
	3.44
	3.01
	0.13
	-0.34

	0.00
	0.00
	4.00
	1.90
	3.44
	2.88
	0.14
	-0.29

	0.00
	0.00
	4.00
	1.90
	3.44
	2.88
	0.13
	-0.33

	4.00
	2.00
	4.00
	1.90
	3.44
	2.93
	0.13
	-0.38

	0.00
	0.00
	4.00
	1.90
	3.44
	2.94
	0.14
	-0.29

	0.00
	0.00
	4.00
	1.90
	3.98
	2.94
	0.13
	-0.39

	0.00
	0.00
	4.00
	1.90
	3.44
	2.81
	0.14
	-0.31

	3.00
	0.00
	4.00
	1.90
	3.98
	2.74
	0.19
	-0.31




15

oleObject3.bin

image70.png




image71.png




image72.png




image73.png




image74.png




image75.png




image76.png




image77.png




image78.png




image79.png




oleObject4.bin

image80.png




image81.png




image82.png




image83.png




image84.png




image85.png




image86.png




image87.png




image88.png




image89.png




oleObject5.bin

image90.png




image91.png




image92.png




image93.png
Free Energy/eV

W -
———RDF(O-H)
i 12} (D) —_— - 4
765§ 2 RDF(Cu-Ag) )
10 = = =ncy(O-H) ’
k - -4 4
770 R ney(Cu-Ag)
15
7751 6
1y 4
7801 ~
2 g
-785 0
0 200 400 600 800 10 O 2

Timelfs





image94.png
1.0

12 14

' "O-H

- —-- -

05

12 14

Coordination Number

Coordination Number

a(r)

a(r)

0.6 0.8 1.0 12

Coordination Number

Coordination Number




image95.png
RDF (arb/trary units)

120 120 T T T
O-H
100 | 100 — B2672 |
£ ——D3341
80 | 3% ——D4654 |
5 ——D5348
& % ——E0490
40 1 &4 ——WEIED |
i —M3212
20 ] x 20 —M3214 ]
0 . . n 0 . . n
06 08 1.0 1.2 1.4 06 08 1.0 12 1.4

Bond Distance (r)/A

Bond Distance (r)/A




image96.png
Bond Distance/A

Bond Distance/A

——Bond C-C 1

100 150 200
Frame Output

50

100 150 200
Frame Output




image97.png
Bond Distance/A

Bond Distance/A

7 T T T 8 T T T T
| B2320-—Bond C=0 7| B2473—-—Bond C=0
——Bond C-C 5 ——Bond C-C
5 ) <
' $s ]
4 kS
o 4
3 o i
2 3p
2L | ol
1 1 mmmw
0 . . . 0 . .
50 100 150 200 0 50 100 150
6 T . T T 6 . . . .
B2474 B2475
5
) <
4 ) 2
4 ——Bond C=01 ¢
3 ——BondC-C | 2
2 | 2
o

0 50 100 150 200

e ol o S o 0 ]

Frame OQutput

50

100
Frame Output

150

200




image98.png
Bond Distance/A

Bond Distance/A

o ——Bondc=0| & " ——Bond C=0|
——Bond C-C ——Bond C-C
0.5 i 05t i
0.0 v - - 0.0 v - -
0 50 100 150 20C 0 50 100 150 200
12 T T T T 8 T T T T
olPP* ——Bond c=0 E0490

Bond Distance/A

o B B e o 05

100 150 200
Frame Output

0 50 100 150 200

Frame Output




image99.png
3.0 T T T T 3.0 T T T T
M3036 M3212
25} i 25 i
< <
9 [
8 3
s s
2 @
(a] o
2 2 10
d ] ——Bond C=0
05 ——Bond C-C il
0.0 . . .
0 50 100 150

Bond Distance/A

100
Frame Output

150

200

Frame Output

200




oleObject6.bin

image100.png
S~
=

O Bond Distance/A

C=

-
N

1.14

—a— A2084
—a—B2193
F —a—B2473
—a—B2475 ;

0 50 100 150 200
Qutput Frame

=
C=0 Bond Distance/A~

N
~

—o—D3341
—a— D4654
——D5348

N
w

N
)

-
=

0 50 100 150 200
Qutput Frame




image101.png
0490
—a—M3036
——M3212

M3214

50 100
Qutput Frame

150

200




image102.png
81buy /0=0=07

o Qo o
© L N O 9 o
- T T O © © og
- - . . IS
8
o
]
-
o
@
©
p] g
=
N
[11]

L . . . o
] s ] N e
y/20uelsiqg pwiog 0=0
3|6uy/0=0=07

Q Q o

® B & o 9o 9

- - - & ©® O og
T 1

160

120

Time Steps / fs

" s n . n o
© v 9o W’ ©o v o
¥ 2 o o o < =

y/o0ue)sig pwiog 0=0

Time Steps / fs




image103.png
180

8|buy /0=0=07

o o
0L N O O O
- - O O O O

160 200

80 120
Time Steps / fs

B2473
40

1.5¢

180

SRR NI

y/eouelsig pwog 0=0
8|buy /0=0=07

o o
0L N © O O
- - O O O O

160 200

B2194

120

80
Time Steps / fs

40

©
-

R R
T 2 8 C

y/eouelsiq pwog 0=0




image104.png
O Bomd Distance/A

C=

1.5¢ 180
150
1.4
S~— TN T 120
1.3 90
60
12 B2474 30
1.1 0
0 40 80 120 160 200
Time Steps / fs

£/0=C=0/ Angle

O Bomd Distance/A

C=

1.5

1.4

1.3

1.2

180

w/\ﬁ/A]zo

B2475

150

O/ Angle

90
60
30

Z0=C

Y 40 80 120

Time Steps / fs

0
160 200




image105.png
8|buy /0=0=07

o
0 O

180
15

| e | 121
D4654
40 80 120 160 200

R

- - - -

y/e0uelsiq pwog 0=0

8|buy /0=0=07
o O
0L N O O O

- - O O M O

1.5¢

180

160 200

D3341
80 120
Time Steps / fs

40

S T
T 2 8 C

Y/@duelsig pwog O=0

1.5¢

Time Steps / fs




image106.png
8|buy /0=0=07

o O
0L N O O O
- - O O ™

180

E0490
160 200

120

80
Time Steps / fs

40

S R I
T 2 8 C

Y/@duelsig pwog O=0

1.5¢

8|buy /0=0=07
o O
0L N O O O

- - O O M O

180

160 200

120

80
Time Steps / fs

40

S
I

y/e0uBlsIg pwog O=0

1.5¢




image107.png
8|buy /0=0=07

o o
0L N © O O
- - O O O O

180

160 200

120

80
Time Steps / fs

40

SR R
T 2 98 C

y/e0uelsig pwiog 0=0

1.5¢

8|buy /0=0=07
o O
0L N O O O

- - O O M O

180

160 200

120

80
Time Steps / fs

40

S
- -

y/eouelsig pwog 0=

1.5¢




image108.png
O Bomd Distance/A

C=

a4 a4 a4
N W x o
; ; 5

-
=N
o

190

M3214

0
40 80 120 160 200

Time Steps / fs

180
150
120

O/ Angle

60
30

Z0=C





image109.png




oleObject7.bin

image110.png




image111.png
(a)-

o

o tuar

)

Ethylene
Synthesis

-

o e

e

e

e

-

e

RN

om0

pe—

-

e g

o

and





image112.png
Absolute error

12 %
* win * win R *
058 O e “05F O e o 05t O
“lof  R::072/0.66 “Lof R::065/0.54 ok Re:05070.43
RMSE : 0.49/0.61 1o RMSE : 0.66 / 0.83
15 *x L5 o8 -15F
S 4 . S 20 s S a0k
20 - 3 e
= - i g2 g o as|
g = i
530 Z B30 % g a0p
35 06 35 o a5
40 40 0t
02
sk GBR o 45 45|
SO AT 40 35 30 25 20 515 10 03 5050 35 3025 2015 110 03 SO ET 35 30 25 2015 10 03
T nETEn UL DFT(eV) UL DFT(eV)
* win . o8 * win Ethylene
-05 " 05 .
O = O = 12 Synthesis
1o} Re:064r0.62 . C10f  Re:043/041
RMSE : 0.57/0.57 “ RMSE : 0.68/093
15k 10
z 20F ws g ;
g 25t i g 08
= : 2 £
= 30 ] E
35 "
04
ot 40 SVR
04
45 45
03
B S S S S A S 50, , M- )
%5045 40 33 30 25 20 -15 -10 05 95045 40 35 30 25 20 15 10 05 0z

UL DFT(eV) UL DFT(eV)




image113.png
UL ML(eV)

UL ML(eV)

* min
05F O w

Clof RE:0.58/055
RMSE : 0.61/0.72

GBR

0 45 40 -35 3.0 -2.5 2.0 -1.5 -1.0 05
ULDFT(eV)

Clof Re:0.537050
RMSE : 0.64/0.74

sk

5.0,

=50 4.5 4.0 -35 3.0 -25 20 -1.5 1.0 0.5
UL DFT(eV)

08

08

06

‘Absolute error

Absolute error

UL ML(eV)

ULML(eV)

* min /
05F @ et
Clof RE:0.537046 L

RMSE : 0.65/0.70 e
*

isp
0b
st
Sob
ERs %
—a0f v
DT
045 4035 302520
UL DFT(eV)
* win %

05F O e

RP:0.49/0.48
RMSE : 0.66/0.78

-LoF

35
40
45

5.0,

=5.0 4.5 4.0 35 3.0 -25 20 -1.5 -1.0 0.5
UL DFT(eV)

0

08

07

‘Absolute error

s

04

2 =
Absolute error

s

04

UL ML(eV)

* win 7
05F O st
Lok Re0aT/0a2
RMSE : 0.66 / 0.96
-5
20 * Dk @ **
25 .
Ko Rk
% ol 4
SF kK
4.0 4%
4 ET
45
75'95.0 ~4‘.S ~4‘.ﬂ 73‘.5 73‘.0 72‘.5 72‘.0 7]‘.5 7|‘.ﬂ <(’:.S
UL DFT(eV)
Acetamide
Synthesis

Absolute error

06

04




image114.png
* wain P
05F O e e
—loF R:077/0.64 ~

! /
RMSE : 0.44/0.64 s
sk
ol 3
20 1:",:6 ®
~ '”/
sl B, 50
*. f’*,'
Lok
*x ﬁ 0 xx
a5k o
aof *yg
J
45t }?;
e i
S5 4035 30 25 201510 05

UL DFT(eV)

" (b)

08

07

e
s

Absolute error

e

04

03

02

UL ML(eV)

% tain
057 O wst
_lob  RE:077/071 /'
RMSE : 0.44/0.57
A&
20 «*/*Q
sk *** * **
30+ * *
Fn y\' ,« &
st e
* *9
—40f
45 *5*
0¥

75041540 35 30 25 20*15*104)5
UL DFT(eV)

08

07

04

03




image115.png
* wain ,
~05F O st 7
_lo} R::081/0.62 ,/'
RMSE : 040/ 0.62 %
sk 4 *.
20f X *6
’
25 Tl
9,
EX)S ,y & x
Fx* x
x Tk
35F K t/t
aof KRk
st
5.0

I T S SR S T SO SR
=5.0 4.5 4.0 -3.5 -3.0 2.5 2.0 -1.5 1.0 0.5

UL DFT(eV)

09

08

e

s
5

05

Absolute error

UL ML(eV)

* train s
051 O st S
_lob RE:081/071 ,/'
RMSE : 0.40 / 0.55 s
-L5F A *
*x"* )
20t O A &
25 % w* X
* ok
S0k i XK
%l
asp X g
¥ *
40f * *1}'/“
%
45/
y
L
=50,

I T S SR S T SO SR
=5.0 4.5 4.0 -3.5 -3.0 2.5 2.0 -1.5 1.0 0.5

UL DFT(eV)

08

07

3
g

o

04

03

‘Absolute error




image3.wmf
M

f


oleObject8.bin

image4.wmf
ZPC

f


oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

image5.wmf
int

®

E


oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

image6.wmf
PZC

f


oleObject19.bin

oleObject20.bin

oleObject21.bin

image7.wmf
b

a

E

M

+

=

D

f


oleObject22.bin

oleObject23.bin

oleObject24.bin

image8.wmf
σ

mean

X

'

X

-

=


oleObject25.bin

image9.wmf
)

G(H

2

1

)

e

ΔG(H

2

D

=

+

-

+


image10.png
® * enor

Anion

1-Buty
imidazolium

L)
Anion [PF]- '. Loa®

g

1-Butyl-3-
Hexafuoroph,

1,3-Dimethylimidazolium
ate (D5348)

1,3-Dimethylimidazolium 1,3 Dimethylimidazolium
Tetrachloroferrate (B2672) Chloride (D3341) Todide (D4654)





image11.png
propylimidazolium 1 fethylimidazole 1-Methylimidazole
oroborate (M3036)  Frydrobromide (M3212) Trifuoromethanesulfonate (V3214)





image12.png




image13.png




image14.png
de2e/A [T de20i  -9e2/A N T 9e2e/A 0. MARE WMo 1A 0114 I 01104

HOMO
ey

A2084 B2193




image15.png
9.72¢2/4 [N NMMo.72e%/4  -0.11e/A [ WM. 11</A -8.96e2 /A W 8.96e2¢/A -1.29¢/4 [ NI 1.29¢/4

2 2
> .,
a )HO;O oMo OMO % & Homo
J . i ‘ 9
v % >
, 050V g daieV o o5ty , 051V
)
ulo %2
=l
o 3“ N LUMO ,f‘,,’i‘ &,1 LUmo
9 7
B2320 UMO B2474J\( B2475




image16.png
-0.37/4 [IF W M 0.37¢/A 1.300A [IF 13004 -0.10e/A

e ’ ’
.
g HoMo
oMo ,;.‘ 4 N  HOMO
9

ey 30.51/ev 0.51/eV
o JJ "
9
2 ¢ o
3% D538 490

2,

Jj "
‘J
9 &7

[1.22¢/A .0.95¢/A 1 WNI0.95¢/4

MO

HOMO
2 ]

M

.53/e! 0.50/eV|

‘4

3o
9

LUMO

%J

M3114




image17.png
ALt
Cu(111)
Facet

Cu@Ag
Core Shell

Ag -modified

o

Cu NPs

CuAg
Alloy

Formation Energy/eV

Cu NPs





image18.png
PN
slsls s O UL o O OLY
DOOOU . O © CUND O O OU
000 AL © O (R 2.0 O O
valalslr LD 00 D O0Y
<a's” e s

Cu (111) Facet Cu NPs Ag NPs Ag-modified Cu NPs





image19.png
-,

sl51%.n

AAL * b2 8 —

GO0 SN e OO

‘:ocff b o 0 ol D © 94
.’ &~ x.‘/

Cu@Ag Core Shell NPs Ag@Cu Core Shell NPs CuAg Alloy NPs




image20.png
B2193

0D+ +0HDx

OHD.+0.

HOD++0D.

B noo-+yomo.

HD« +HOHD

$858|00- +HOHD.
#4 HOHD. +HOHD{
A HO.+HD.
2AHO. +*HD.
024 +HODx
HO.+OHDx

HOD.+OHD.

OHD.+0Df

HO2.+0)|

w«w\ HOD.+HOHD.
HD. +HOHD.

B2473

D+ +HOHD.

AHOHD. +HOHD!
JHO.+H.

24+ 7HOx

24102, +HOD.
HD.+OHD.

T
A/ISLLIBE UOTIORY

T O N~ O v o ® ¥ ® N - 0 v N ®
AJ/I3LLIEE UONIBIY AJ/I3LLIEE] UONIBIY
< 1024+0HDx
S 02++0HI4 >
b HD.+0Dx N
<
< HOD.+0D.
HOD.+
oo 0. +HOHD.
7| OHD.+ g .
HOMD. OHD.+HOHD.
2. +HOH.| $800. +HOHD.
HOHD.
oo, HOHD.+HOHD o
HDu+HD. 34 Ho.+HD.
HDx+7HD«
1004 +HOD. BAHOD. +HOD.
OHD.+OHD{ HD4+OHD.
02.+00:4 2
+ ® N «~ O N ¥ ® N - O T q

A3/IALLIEE UONIBIY




image21.png
A3/IALLIEE UONIBY

0 oo +omo] - HOD4+OH«
~ <
S OHD.+0D. o oHd.+00.
[11] o
HOD« 4 i HoD.+00.
Z3hoD.+HOHD}. HOD.+HOHD.
52+ HOHD. OH. +HOHD ]
03 +HOHD b2, +HOHD.
OHD. +HOHD. 28 0HD. +HOHD
HDx+HDx HO.+HD.
HOx+"HDx 2 HO«+"H«
HOD.+HOD. HOD«+HOD:|
OHD.+OHD SDHD.+OHD.
© ~ ~ o© o © ¥ « o o ¥
AJ/I3LLIEE] UONOBIY AJ/I3LLIRE UONOBIY
WA 10D +OHD. o~ ++OHD.
< 8800 +0HD Q8 100, +0HD
< OHD.+004| & om.+oo.fFf
N o 22
] HOD.+0D HOD.+0D|
7|HOD.+HOHD A HOD. +HOHD.
JOHD .+ HOHD.- OHD.+HOHD.
02.+HOHD.| 00 +HOHD.
RAEAHOHD. + HOH HOHD. +HOHD.
HDu+HD. HD.+HDy
"HDx+"HDx FHD.+7HD.
HOD4+HODx 10, +HOD.
'ozu.oo:u. oHD. +0HD.
Ou.+0u.m 2%
© ¥ & o & ¥ © ¥ o o o ¥ ©

AJ/I3LLIEE UONOBIY




image22.png
o B00.+0H>- o~ HOD.+OHD.
] &
S OHD.+00« o oH2.+00.
w = |
HOD++0D+« A HOD.+02.
vw\\&zo?o:c:u. 2400, +HOHD.
{ oHo.+HoHD JoHD.+HOHDA
§5100. +HOHD. 88800 +HOHD..
BfloHo. +HoHD.] OHD.+HOHD.|
HO.+HD. HO.+HD.
ASA HD«+THD. FHD+"HD
HOD:+HOD. 02.+HOD.
#oHd.+oHd. SDHDL+OHD.
02.+00s
6 ¥ & © & ¥ ¢ ¥ & ©° a ¥
AJ/IdLLIEE UONIBIY AJ/I3LLIRE UONOBIY
® ReARR] HO2+*OHO. g 22200 +0HD.
Q oHdwrod S OHD.+0Dx
O Hod.+02.f = HOD4+0D4
HOD.+HOHD. ZIHO0D. +HOHD
HD.+HOHD« oHD. +HOHD.
02, +HOHD. 02.+HOHD.
HOHD.+HOHD. IOHD+HOHD{
] Hou+HO.
FHD4*7HD. +THD.
HOD4+HOD HOD.+HODx
OHD.+OHD. OHD4+OHD«
02.+00«
© N o N ¥ © o B3 o o o <

)
A?/I3LLIEE UOTIERY

A9/IdLLIRg UONIBIY




image23.png
Reaction Barrier/eV

ngziz

¥

R2=0.38
B2474 Bo475

0.58x+0.62 C-N Coupling

Dominate

Reaction Barrier/eV

2 3 4
AG[*CC(OH)NH,J/eV

D5348 CHO-CHO
Coupling Dominate
y=-0.49x+3.19
M3036 o
. 82320 R*=0.60
52195
5247 otz 52475
AZOM
D3341
52672
D4654
M3214
- [
2 -1 0 1 2 3 4 5
AG[*CHOCHOJ/eV




image24.png
Reaction Barrier/eV

6
y=029x+1.16 :i_ou-gou_ " CH-CH,
R*=0.03 oupling Dominate 5 5348 Coupling Dominate
B2672 > 4fSae y=-0.49x+3.19
>
Msgz B2473 Z3 '
s a208 E M3036 @D3341
| B2133@) B2194 g ﬁuﬂ ﬂcl 2 thsg;% 2073 2o
B219¥ 52474 S 1p % A2004
5247 S m321
"'38“ ngnas g 0 E%252195 b m3214
D5348 3
Dasse DI . L]
-2
1 2 3 4 5 6 7 -1.2 -0.8 -04 0.0 0.4 0.8
AG[+*COHCOHJ/eV AG[*CH.,CH.)eV




image25.png
Reaction Barrier/eV

Reaction Barrier/eV

y=-0.84x+3.80 CHOH.CO
|M3212 R?=0.69 Coupling Dominate
D341 52%672
B2194
D4654 21
ol 0490

R - ®
5 gy y=0.06x+3.41
‘335‘ R*=0.006
e ”anso
4 B2474
B2320@P33
B247. *@%‘"5
3 B2193
D5348 M3036
® 52672
2
B2195
@
1

3 2 41 0 1 2 3 4
AG[*CHOHCHOH]/eV

AG[+CHOHCOJ/eV




image26.png
Reaction Barrier/eV

5
0.52x+3.88 CHOH-COH COH-CO
R2=0.26 Coupling 4 D5348 Coupling Dominate
D3341  pominate [
> 33x+4.44
D5348 B2672 @ J 3
B2475 g
Dicigy  @mazt2 52
52474. ﬂauw E‘:; 1
E0490 .
M3214 3
5220 g o
52473 [
oy SO3036 1 D4654 oo 24 {
A203, B2193  B2194
-2
-2 -1 0 1 2 3 4 2 3 4
AG[*CHOHCOHJ/eV AG[*COHCOJeV





image27.png
-
=)

56x+1.43

.44
B2475

0

B2195

2084
.7

CHO-co
Coupling
Dominate

"y —B2192 93-
B247;
D5348 M3214 ' *
B2474 82672
B2320
M&s
D4s54gy
-5
2 -1 0 1 2 3 4 5 86

AG[*CHOCOJeV

e
©

o
o

o
S

0.2

Coefficient of Linear (R%)





image28.png
Gibbs Free Energy/leV &
o v & o

¥

A

*+C0

A2084

*C0,
_ -~ e—

*COOH

*C
:—
—
*CHO

*CHOGOOH

*COHCOOH  +GOHCOH
— *E.HOHCOH
e BOHCO

#COCO s CHOHCO |

H' *CHOCO, =< CHoHChH

—
.\

‘

*C“OCHO *CHOHCHOH

\ i

*CHOHCHO

*CHOHCH

@ Path1
e Path2
e Path3
e Path4

*++CH,CH,

SCHOH ==/

*CH,CH,

g—

— *CHCH |





image29.png
(b) [ A2193 —Patht
sooco*cm% amn Pth2
> 4 *C0+*C NS OHCOH e Path3
2 TCOTUHOCOOHES e e Pathd
g *C0. semmmn | *COHCQ CHOHC G o
g o T L *CHOHCOH _ *CHOHCH *++CH;CH,
0 J *xCOOH: ' e | s ~ oo - e :
g o, U0 *CHO \ *CHOHCHO  *CHCH__ /
2 ol *CHOCHO 1 | «CHCH !
(2] v ’: —
3 ! *CH,CH,
o -2 \ !
*CHOHCHO
_4 n n n n

*COHCOOH





image1.png
C-N

— Coupling
o —

Menbrane





image30.png
o

=)
<)
~

A2194

N

N

F f

k+CQ’;
—

o

Gibbs Free Energy/eV
o

A

*GOZ

e Path 1
+*CHOCOOH *CHOCO
=( - g— a— Path2
£CO++CO0TX *c(%gl1 —Patn3
éﬁmoﬁ—‘-—: e Pathd -+ CH, CH,
e +CO Cammmy  *COHCY  *CHOHCOH .cuoncy__=cH,cH !
*COOH" e * o1y | — ‘*CHCH‘_Z ;
*dHOCHO *CI}{OHCHOH \“ ,’:
N *CH,CH,
——
*CHOHCHO





image31.png
(d)

Gibbs Free Energy/eV
o N S

0

IS

A2195
+CHOCOOH
I — +COHCOH
*C0++COOH ‘,»coco- *+CHOCO (T(;(;CHOHGOH
e M
| +C0, *cﬂ '*COH vcmm e Y +CHOHCH
- “, +Gp , — +CONeY ‘_—'—
bico,’ ™ o
\ ’.'
“CHOCHO !
_\ ,’
| *CHEmem

e Path1
@ Path2
@ Path3

e Pathd ++CH,CH,
|

h
i
H,CH ]

- #CH,CH,
L}





image32.png
o

e Path1
(e) m2s20 *CHOCOOH ‘@ Path2
p— *GOHCOH

> At —?EC @ + CHOHCOH e Path3
% ‘cm‘c"o"f «*CHOCQ [ @ Pathd  ++CH,CH,
E 21 +c0, SO0 o WCOHCO{]H "+CHOHCO \ *CHCH !

- . 0O i ! h | OHCH === ;
. ! - eHo | *cﬂoncuo}— ;
8 |co, \ “CH,CH /
] #CHOCHO ‘; h\gHchz,
2 =" -
e ] s
o -2f +CHOHCHO

4 L L





image33.png
Gibbs Free Energy/eV 8
) N IS )

0

IS

B2473

*CO0.

2
ammin *COOH

+

e Path 1
coco @ P ath2
+C0++CO00)
,_:%gﬁw»fcuouco @ Path3
/*COH /! *CHOCO' ", e Pathd ++CH,CH,
P -+COHCOOH #ICOHCOH -— +CHCH =
X *CHOHCOH e - cimi )
“SCHo. ' -—— %CH,CH h
HOGH( /
*GHOGH0 . cHoHcHOH == cn;
\ ! -—
c—
+CHOHCHO





image34.png
o)
L
=
S (2]

N

o

Gibbs Free Energy/eV

0

A

B2474

+C0,

‘e—
*puoum
oo wqﬂuocooacmco :
- G
*COOH ; ! +COH 5 oﬂcmq—*coucoﬂn
% G0 "/ +G0co *COHCY +GHOHCOH
— sco/ i -
\ scdﬂﬁﬂﬂb
+CHOCHO ;
_‘ "
L
+CHOHCHO

am Path1
am Path2
e Path3
e Path4

+CHOHCH
+CHCH ‘*%

++CH,CH,





image35.png
o~
=
=~
» (2]

N

o

Gibbs Free Energy/eV

)

A

scmzcodﬁ"m'icuoco

* OHCOO

H

*COHCQ

‘CHOHCO!,

H}HOHCHOH

*CHOHGOI:P*CHOHCH

‘

*CHOHCHO

e Path1
e Path2
e Path3

e Path4
*+CH,CH,
]

'

G
SCHCH-Ch

,CH
XCH,CH;
—-——





image36.png
Gibbs Free Energy/eV 3
[ - )

o

o

B2672

+G0CO
_—
*GHOCOOH  +GOHCOH
i sonco M
s R CHOHCHOH
P COHCOO) ‘.
ﬁm*wor—ﬂ*c"ﬂmc"o"cﬂ =
*| N " K
“*CHO ; L eGHOHCOH G
e, =
*CHOCHQ !
—
*GHOHCHO

e Path 1
@ Path2
e Path3
e Path4

*CH,CH
— -a—
*CHCH R

*gHiCHE’I

++CH,CH,

/





image37.png
(d)

Gibbs Free Energy/eV
N S (2]

o

o

D3341

e Path1
+COHCOH am— Path2
‘cﬂ i | e Path3
*GOHCOQH ,' 1 ‘@ Path4
. — |
*C0++ co(ir \
ocomi;CDH O |
! «GOHY +*GHOHCOH *+GH,CH.
\ +CO / *CHOCO‘ R— 1 e
*COOH | emmmme * *CHO CHOHCO +GHOHCHOH K
— I — - :CHCH J
*EHOCHO { *CHOHCH e /
— H L,CH /
\ h -—
» +CH,CH,
*GHOHCHO





image38.png
o
~—
» (2]

N

o

Gibbs Free Energy/eV

)

A

D4654

*+C0,
(—

*C0
-

h 0

/ »

+C0; +GoOH

*GD”OOOH

*CDHGOOH

* — ,u
+COH *OHOCOOH eummm .

—
*CHO

+C0C0 *COHCO
—
f— *+COHCOH

H
h \

e v

| G I3 !
" a v

*CHOHCOH
| — - —
#CHOHCO \\

*CHOCO

+CHOHCH

. , _~
— e

schocig g

‘

—
*CHOHCHO

e Path 1
e Path2
e Path3
e Path4

*CH,CH
N .

o

. k
CH,CH,'
-

—
*+CH,CH,





image39.png
D

(f) °| ps3se ——Patn1
sty *COHCOH @ Path2
— -
3 ¢ «gp /2COH +CHOHCD am—Path3 ..y ch,
=) et . L CHOHCH o Pithq e
> / et GOHCOO S | \ -_ )
2 2 *CHO 'EOHC i ! | ! | -— ¢
] ++C0, +COOH / +CHOCOPH H § ! i fCHZCH\‘ ;
o O - - ) H N v h -
4 5 / *COCO emmmm +CHOHCOH ) ; *CH,CH,
w, % +00, / *COHGO, - ; Vo
» - e— y -
a *CHOCH L ohonchon il
(O Voo
—
+CHOHCHO ) )
B .





oleObject1.bin

image40.png
o)
L
=7

» (2]

Gibbs Free Energy/eV
o N

0

IS

E0490

oy 0 patn2
e L4
*COHCOOH .
- 000’ | — Path3
o S— 9
ooy *C0++COBRHOCOOH GHoHco, ~==Path4
— Y J — *+CH,CH,
o e —
200 T D, MMM uohon oo =
+CHO p P L - /!
e - |, h
*cuocm‘) o = CH,CH
L
+CHOHCHO





image41.png
(b)

Gibbs Free Energy/eV
N o v s o

A

M3036

+COHCOOH, Patht
0 —
r— mﬁCﬂHCOH Path2
am— Path3
‘w‘cuouctx e Path4
—scuocooi_" - e— *CHCH *+CH,CH.
. Lgo L +CHOCO,  *CHOHCOH - s
G0 SOk : \ *CHOHCH <CH,CH ;
! — -— B
\*CHO. : *¢HOHCHOH \\*GH Cﬂé
«CHOCHO -
A - eE—
+CHOHCHO





image42.png
<)
o

—
~

Gibbs Free Energy/eV

M3212 e Path1

- 6000 e Path2

I . e Path3
a8 /—doucom *CHOHCOH e Path4
— — CHCH )
| ; ‘:‘ inOCOOH *w/ | on OHGHT_\ *+CH,CH,
S NS LA - P gy 3
b +C0, [ efgrecot  \T +CHOHCO m : /
o L \ ; Y i " a— *GHOHCHOH ‘*cuicH,;
“£CO0H! woHo / SOOHC et / \
— #CHO ; *CHOCHO ;
f— +BHOHCHO
L —





image43.png
(=
=
e

Gibbs Free Energy/eV

e Path1
M3214 e P3th2
*CHOHCO Path3
6 L L d B
=cohcoon  ZR e Pathd
STOCO. o’- CHCH!,
al o Gonoay P
-— . ¥cHOCO % *CHOHCHOH | |
; S : i +CHOHCH : OH,GH
N ; COGH +CHOCO *GHOHCD) * \ 6
2t ‘wcooy GO COHCO iy ACH,CH S
: - “+COH | | ! P p—
++C0; — N +CH,CH,
0 jm —
“CHo +GHOHCHO
2





image44.png
e

o)

=

~

N S o

Gibbs Free Energy/eV

o

o

A2084 @ Path1
s Path2
+GHOCOOH +COHCOH — Path3
; 3 ; |
O o, __
+COHCO *CCO /! +CH,CONH,
\ — - — v
| & +CC(OH) NH, H
5400, +GHOHCY *mﬂiz
vrchgcouua





image45.png
=

(b)

S

N

o

Gibbs Free Energy/eV

o

B2193 -——
*COHCOOH Patht
vy e Path2
e Path3
F oootr “COHCO
— HOGOO_ *COHCOH
; ; —,
*C0; L ooon ‘_*cou <TRoCO +CHOHCO: *CCO t(f-i—" CONTIZ
rs - 5 4CHO | GG (OH) NHgpy” ;
sl — *GHCONH |
++c0,/ 2 *CH;CONH,
f— —
++CHyCONH;
—





image46.png
b) °[E2194 e Paith 1
(b) *CHOCOOH, coHco —Pathg
—— - a— Path:

% fooco *COHCOH

EX s’ XCHOCO 0G0 +CH,CONH,

> +C0, +CO0++ (:—()HCOOH_ - e— _; OH)NH S—

< — ; oH +CHOHCO Clon., |

w : “+CO0H /o /' N ; \
2+ ! —-— - — \

g ! * +CHO +CHCONH, |

L ‘

@ |e+co, +CH,CONH,

ﬁ 0 jm— *+CRYCONH;

o —
2 + -





image47.png
—
<)
~
o N S [

Gibbs Free Energy/eV

o

B2194 e Path1
*CHOCOOH, coHco e Path2
| m.;l *COHCOH — Path3
“o0, +CO+C00L] "XGHOCO +#CCO y +CH,CONH,
COHCOOH = - = - g—
— R *CHoHcO  *GGOINH, . %
L : **COOH l*cou ; / |
! * +CHO +CHCONH, ".
++C0; +CH,CONH,
— —
*++CRLCONH;
—





image48.png
=7

(d)

Gibbs Free Energy/eV

N

N

o

o

B2195

+CHOCOOH
'-\ *COHCO

e Path1
@ P3th2
*COHCOH e Path3
. —
*GHOHCO' *CCO
| f— . OH)NH,  +CH,CONH,
— —
*CHGONH, |
*cg‘ LCONH,
++CH,CONH;]
-—





image49.png
&
~

Gibbs Free Energy/eV

B2320

*CHOCOOH
";—l*CHO()OfCOH_mt‘
*w-fcouco 4CHOHCO". +CCO
am—F GOHCOOH —
*COH
-~ —
*CHO

e Path 1
e Path2
e Path3

+CH,CONH,
GC (OH) NH, | —
— - — .
+CHCONH, |

+CH,CONH,
—
++CH,CONH;
-_—





image2.wmf
HP

e


image50.png
o)
L
=7
[

Gibbs Free Energy/eV

S

N

o

o

B2473

c0c0
*W:cmﬂ— ' #COHCO,
concm% *GHONCD

,‘ +CHOCOOH

*COOH | p—

-— '/*COH N

\2C0

"*CHO

@ Path 1
e Path2
@ Path3

+CH,CONH,

*coucou“ﬂcg o 2"“2 a

*CH,CONH,
A

*cucmmz

++CHGONH,





image51.png
8
(b) °| B2474 e Paith 1
— e Path2
3 8 o a—Path3
g‘ ’,’ “
> 0
% *CHOCOOH, |
2 41 *COHCU oy conH
. coon 0 0 e S ST, 000, "
> / *COH ﬂ:oucoou,cmco 5 —
2 MIUES /+C0C0 0 (OHNH, [ |
L2 — \_*co . ZCHo — - e *CH,CONH,
» / * e— +CHCONH, i .CONH
5 ++C0,/ |
©0 *+GH{CONH
2 L 1 s





image52.png
—
<)
~
oo

Gibbs Free Energy/eV

[}

N

N

o

R

B2475

C0,
F -

e Path1
e Path2
*Mﬂ @ Path3
) ! +CHCONH,
*oo+*ooon ~*coucd L —
: . oucoo { i
. o FOHOG0O *cmwtcuouco b S oo,
*COOH . -—
-, = <IN, .
-— +OH,CONH,
-——
++GHyCONH.
—





image53.png
=7

(

Gibbs Free Energy/eV

)8

[}

N

N

o

o

B2672 *C0CO e Path1
| *c‘ﬂoooou *GOHCOH — Eamg
H 3 —— —
woon 40H0C0 ¢ \ *CCOMNL .oy con,
-— — em— ‘ ‘ ;
F +C0 | s— % +CHOHCO - ° / N
—(0+ GO H:couco YCC0 FGHCONH) 441, GONH,
#C0, *COOH N —
| — - — o H
00,/ |
j— y
++CH}CONH
—





image54.png
o
~—
[o

Gibbs Free Energy/eV

o

IS

N

o

o

D3341

e Path1
oo *COHCOH e Path2
. —
— i | e Path3
*COHCOOH H |
*cm*coah;lﬁ
Co0rtCHOCO +CH,CONH,
+COH # ‘s *CHOHCO,_ _ Py
*C0 *COHCO @ GG (OH [ — s
+CHCONH, cH
*+CH,CONH,
——
++CHCONHJ





image55.png
low)
L
=7
e

Gibbs Free Energy/eV

o

IS

N

o

o

D4654 s Path1
e Path2
I 20000 *@D oncon - Path3
+GoHCooH y |
- = aseo, oo
1 *C0 Se0++000} | SN +CH,CONH,
F *C0, P ?H ~TOMED — *COQION, —
e _ *COOH/ \— +CHOHCO - e v
/ +CHCONH, |
[++C0,/ bz |
\  ++CH,CONH,
*CH,GONH,
LM





image56.png
=

Gibbs Free Energy/eV

R

)6

IS

N

o

A

D5348

*C0++COOH
—

h

/#COH
., —‘

CHO

«

e 0HCOOH ™
]

+GHOCOOH
x-coco *CHOCO!

*COHCOH
—
+CHOHCO

:coHcO,‘ ,

E

e Path1
e Path2
o Path3
*CC'(OH) NH, *c-H3CON|'|z
\CHOONHQ { ﬂ
N !
i *+CH;CONH.
icouHZ





image57.png
Gibbs Free Energy/eV @
N IN ) [

o

R

E0490 e Path1
*COHCOH a— Pgth2
r C0co / i @ Path3
*,éW"—' ;
L scmscog’,fﬂooooucouco *CHOHCO,
N \ ; < #CCO .
COOH — \ J — CH,CONH,
— /, ! ¥ / ~ h‘
I S ag B onoes +CCOMN S
/ +CHO *CHCONH, +GH,CONH,
k+C0, —
*+CH3CONH,





image58.png
=7

(

Gibbs Free Energy/eV

R

)8

[}

IS

N

o

IS

fe+c0,,"
—

M3036

*C0,
— -

‘@ Path1
+COHCOOH Path2
e, OHOGD-* COHCOH
#C0co .:9’(:"000\ — a— Path3
| — woHco. *CC CLIDNH,
{ R L ) /=LGHCONH,
sm “Ceo —
o, —, *COHC[} — ——
+C0 ,=CON . +CH,CONH,
— H ?
“\xcHO i
L ++CH,CONH,|
+Ccont; ™
Ot





image59.png
6
(e) M3212 @ Path1
S e Path2
+CHCONH,
2 4 +*COH_ +C0C0 " — == Path3
=] ,« *COHCOOH +CCO H \
g —‘ ;—\', — ‘ \
o 1+C0 4 | ! \
ol : . ch()OOO conco” SRSOH coucou, \ ; GH,GONH.
s DL — "* = e
[ ) % i i ! ! N
@ |uco, ! i . \ cuocJCHOch *CG (OH) NH, N
a . ! \— ' — — —
% 0 jm— \\sOOOH,: :qlmsco?u — +CH;CONR,
—-— +CHO
— *muamuuq
2 n . . s





oleObject2.bin

image60.png
() 8 w=z1z
>
3
[0}
I
P —
8 ;
£ o
(2]
8 *+co”
3 0k

o

*GOHCOOH

3
s *
4

fgeco,

I-' *CHOCO

@ Path1
e Path2
e Path3
*CH,CONH,
—
GRS oo,
’ " — d
+CHCONH, .
*++CH,GONH,
—





image61.png
*GOHCOH

mm.N— N—.—u~_._uv+.— €9'6-

980 —:ufu. 882t _
Zro- — HI?HO« —3.3
mm.ﬁ_ :u:u_m\.m.
;.o__ :oxuzu._mﬁ.w.
v c— £5°2- :—:u:o:u.
16° N— S0p- — HODHOHD.
ea.&\ zze- _rS:oU.
15" m?m T- - ODHOD«

29 ~_ —mm - HOOD+HOD

QN.N— -Nh.o. HOD«
mN.ﬂ— —Nh.o. 00«

96'T - — 96'0HO0D=

1.00V

99T 00«

>
o
1]
=]
cc.o— * —

——

< o ¥ @ N

v -
l

\3/ABiau3z 8314 ssqio

-16

Reaction Coordinate

e

i

-CHOH




image62.png
- zoet-] ]
oot _ ZHNOD®HD+» /

S.o.— HNOD®HD« -&.ﬁ.

182 —N:zOUN:u.—mw.\..

88T —N:ZOUIU.,— VL

v .

ww.ﬂﬂz!:ovu_:.m.

or* N— 9y~ ruuc

08" DHOD«

wee-fo
15" —o T HOD. |
29 NF —:OOU.:OU.

mN.N— —Nh.o. HOD«

* mu.a— —N\..o. 00+ 1

Reaction Coordinate

8.“__ 96'0HO0. >
v T i

2 D
mw.ﬁ—uo? — —

cc.o—*
Yo ¥ % § ¢
T .

©
o)
m\ \3/ABiau3z 8314 ssqio





image63.png




image64.png




image65.png




image66.png




image67.png




image68.png




image69.png




