
1 / 9 
 

Supplementary Information 

Highly Selective Hydrogenation of CO2 into C2+ Alcohols by 

Homogeneous Catalysis 

Qingli Qian*, Meng Cui, Zhenhong He, Congyi Wu, Qinggong Zhu, Zhaofu Zhang, Jun Ma, 

Guanying Yang, Jingjing Zhang and Buxing Han* 

Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Colloid, Interface and Chemical 

Thermodynamics, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China. 

 

 

Supplementary Figures 

 
Chromatogram (TIC) 

 

 

Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2015



2 / 9 
 

 

 

 



3 / 9 
 

 

 
Fig. S1. GC-MS spectra of the product of Entry 1 in Table 1. 
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Fig. S2. GC-MS spectra of CH3OH-13C tracer experiment. 

Reaction conditions: 28.2 µmol Ru3(CO)12 and 51.5 µmol Rh2(CO)4Cl2 (based on metal), 2.26 mmol 

LiI, 2 mL DMI, 25 µL methanol-13C (0.62 mmol), 4 MPa CO2 and 4 MPa H2 (at room temperature), 

200 oC, 12 hrs. 
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Fig. S3. GC-MS spectra of C2H5OH-13C2 tracer experiment 

Reaction conditions: 28.2 µmol Ru3(CO)12 and 51.5 µmol Rh2(CO)4Cl2 (based on metal), 2.26 mmol 

LiI, 2 mL DMI, 25 µL ethanol-13C2 (0.43 mmol), 4 MPa CO2 and 4 MPa H2 (at room temperature), 

200 oC, 12 hrs. 
 
 
 
 

 

 
 

Fig. S4. Representative GC trace of reaction solution after CO2 hydrogenation with internal standard 

toluene. The reaction condition is the same as that given in Entry 1 of Table 1.   
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Table S1. The performances of various catalytic systems for CO2 hydrogenation to C2+ alcohols 
(with every alcohol).a 

Entry Catalyst Promoter Solvent 
STY (C-mmol/L·h)  C2+alcohol  

selectivity,
% Methanol Ethanol Propanol 2-methyl

propanol Butanol 2-methyl
butanol Total 

1 Ru3(CO)12/ 
Rh2(CO)4Cl2 

LiI DMI 0.46 6.09 1.76 1.52 2.28 0.75 12.86 96.4 

2b Ru3(CO)12/ 
Rh2(CO)4Cl2 

- DMI 0.35 0.01 - - - - 0.36 2.8 

3 Ru3(CO)12, 
Rh2(CO)4Cl2 

KI DMI 13.17 0.90 0.11 0.09 0.06 0.03 14.36 8.3 

4 Ru3(CO)12, 
Rh2(CO)4Cl2 

LiCl DMI 13.3 2.43 0.34 0.10 - - 16.17 17.7 

5 Ru3(CO)12 LiI DMI 2.42 0.01 - - - - 2.43 0.4 
6b Rh2(CO)4Cl2 LiI DMI 1.04 0.03 - - - - 1.07 2.9 

7 Ru3(CO)12, 
Rh2(CO)4Cl2 

LiI NMP 1.41 1.07 0.49 0.68 1.19 0.27 5.11 72.4 

8b Ru3(CO)12, 
Rh2(CO)4Cl2 

LiI 1-Methyl 
piperidine 2.07 - - - - - 2.07 0.0 

9b Ru3(CO)12, 
Rh2(CO)4Cl2 

LiI DMF 7.64 - - - - - 7.64 0.0 

10b Ru3(CO)12, 
Rh2(CO)4Cl2 

LiI THF - - - - - - - - 

11b Ru3(CO)12, 
Rh2(CO)4Cl2 

LiI Cyclohex
ane - - - - - - - - 

12b Ru3(CO)12, 
Rh2(CO)4Cl2 

LiI Water 1.36 0.09 - - - - 1.45 6.5 

13b RuCl3·3H2O, 
Rh2(CO)4Cl2 

LiI DMI 2.52 0.21 - - - - 2.73 7.4 

14b 
Ru3(CO)12, 
RhCl3·xH2O LiI DMI 3.20 0.18 - - - - 3.38 5.7 

15b Ru3(CO)12, 
Rh6(CO)16 

LiI DMI 2.54 0.82 0.04 - - - 3.40 25.4 

[a] Reaction conditions: 28.2 µmol Ru catalyst and 51.5 µmol Rh catalyst (based on the metal), 2.26 mmol promoter, 2 
mL solvent, 4 MPa CO2 and 4 MPa H2 (at room temperature), 200 oC, 12 hrs. STY stands for space time yield. 
[b] Precipitate was observed after the reaction. 
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Table S2. Effect of reaction parameters on hydrogenation of CO2 to alcohols (with every alcohol).a 

[a] Reaction conditions: Ru3(CO)12/Rh2(CO)4Cl2 was used as catalysts and their dosage was based on metal, LiI was used as promoter, 

2 mL DMI, 200 oC,12 hrs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Entry Ru/Rh 
[µmol] 

LiI 
[mmol] 

CO2/H2 
[MPa] 

STY [C-mmol/L·h]  C2+OH 
selectivity, 

% Methanol Ethanol Propanol 2-methyl
propanol Butanol 2-methyl

butanol Total 

1 28.2/51.5 2.26 1/1 0.26 0.45 0.14 0.23 0.05 0 1.13 77.0  
2 28.2/51.5 2.26 2/2 0.32 1.19 0.41 0.57 0.75 0.15 3.39 90.6  
3 28.2/51.5 2.26 3/3 0.40 2.06 0.75 0.86 1.03 0.27 5.37 92.6  
4 28.2/51.5 2.26 4/4 0.46 6.09 1.76 1.52 2.28 0.75 12.86 96.4  
5 28.2/51.5 2.26 5/5 0.55 8.19 1.65 1.38 1.75 0.58 14.10 96.1 
6 28.2/51.5 2.26 2/6 12.61 5.43 0.85 0.45 1.13 0.19 20.66 39.0  
7 28.2/51.5 2.26 6/2 0.50 1.09 0.39 0.28 0.68 0.23 3.17 84.2  
8 28.2/51.5 1.13 4/4 8.47 2.38 0.90 0.62 1.61 0.27 14.25 40.6 
9 28.2/51.5 3.39 4/4 0.17 2.76 0.96 0.77 0.91 0.31 5.88 97.1  
10 8.0/71.7 2.26 4/4 0.53 1.46 0.59 0.27 0.42 0.05 3.32 84.0  
11 39.9/39.9 2.26 4/4 2.79 5.51 0.94 0.82 1.72 0.29 12.07 76.9  
12 55.8/23.9 2.26 4/4 1.68 3.48 0.61 1.05 1.37 0.38 8.57 80.4  

 13 0/0 2.26 4/4       0 0 0 0 0 0 0 - 
14 14.1/25.8 2.26 4/4 2.34 0.95 0.28 0.32 0.48 0.11 4.48 47.8 
15 42.3/77.3 2.26 4/4 0.99 7.89 2.20 1.93 2.37 0.93 16.31 93.9 



9 / 9 
 

 

Table S3. The results to test the recyclability of catalyst for CO2 hydrogenation reaction.a 

Reaction 
cycles 

STY [C-mmol/L·h]  C2+OH 
selectivity, 

% Methanol Ethanol Propanol 2-methyl
propanol Butanol 2-methyl

butanol Total 

1 0.46 6.09 1.76 1.52 2.28 0.75 12.86 96.4  
2 0.43 5.92 1.85 1.48 2.35 0.79 12.82 96.6 
3 0.49 6.18 1.69 1.55 2.12 0.67 12.70 96.1 
4 0.38 5.99 1.70 1.61 2.31 0.63 12.62 97.0 
5 0.47 6.02 1.66 1.58 2.10 0.66 12.49 96.2 

[a] Reaction conditions: 28.2 µmol Ru3(CO)12 and 51.5 µmol Rh2(CO)4Cl2 (based on metal), 2.26 mmol LiI, 2 mL DMI, 4 MPa CO2 

and 4 MPa H2 (at room temperature), 200 oC, 12 hrs.  

 

 
 
 
 
 
 
 
 


