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1. Figures and Tables
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Figure S1.The GC traces of the liquid sample (a) and gaseous sample (b) at the reaction condition
of Entry 1 in Table 1.

Note:
1. The peak of air resulted from the operation of sampling and injection.
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Figure S2. The GC traces of the liquid sample (a) and gaseous sample (b) after reaction of CO,
and H,. Reaction condition is given in Entry 17 of Table 2.
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Figure S3. The GC traces of the liquid sample (a) and gaseous sample (b) after the reaction of
DME and H,. Reaction condition is given in Entry 8 of Table 2.
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Figure S4. The GC traces of the liquid sample (a) and gaseous sample (b) after the reaction of
methanol and H,. Reaction condition: 30 umol Ru(PPh3)3Cl, and 70 umol Col,, 2.3 mmol Lil, 2
mL DMI, 4 mmol methanol and 4 MPa H, (at room temperature), 180 °C and 12 h.

Note:
The amount of methanol (in mole) was the same as that of DME in Entry 1 of Table 1.
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Figure S5. The GC traces of the liquid sample (a) and gaseous sample (b) after the reaction of
methanol, CO, and H,. Reaction conditions: 30 umol Ru(PPh3);Cl, and 70 umol Col,, 2.3 mmol
Lil, 2 mL DMI, 4 mmol methanol, 4 MPa CO, and 4 MPa H, (at room temperature), 180 °C and
12 h.

Note:
The selectivity of ethanol in total products was only 35.6 C-mol% because considerable amount of
methane was produced.
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Figure S6. The GC traces of the liquid sample after reaction of DME and Lil. Reaction condition:
2.3 mmol Lil, 0.5 MPa DME, 2 mL DMI, 180 °C and 12 h.
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Figure S7. The GC traces ofthe liquid sample (a) and gaseous sample (b) after the reaction of
CHj3l, CO, and H,. Reaction conditions: 30 umol Ru(PPh3);Cl, and 70 umolCol,, 2.3 mmol Lil, 2
mL DMI, 2 mmol CHsl, 4 MPa CO, and 4 MPa H; (at room temperature), 180 °C and 12 h.
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and H,. Reaction condition is given in Entry 22 of Table 2.
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Figure S9. The GC traces of the liquid sample after reaction of DME with CO and H,. Reaction
conditions: 30 umol Ru(PPh3);Cl, and 70 umol Col,, 2.3 mmol Lil, 2 mL DMI, 50 uL H,0, 0.5
MPa DME, 0.5 MPa CO and 4 MPa H, (at room temperature), 180 °C and 12 h.

Z

Note: the amount of water was equimolar to that of CO.
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Figure S10. The GC traces of the liquid sample (a) and gaseous sample (b) after the reaction of
DME and formaldehyde. Reaction condition: 30 umol Ru(PPhg3);Cl, and 70 umol Col,, 2.3 mmol
Lil, 2 mL DMI, 2 mmol formaldehyde, 0.5 MPa DME (at room temperature), 180 °C and 12 h.
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Figure S11. The GC traces of the liquid sample (a) and gaseous sample (b) after the reaction of
DME and formic acid. Reaction condition: 30 umol Ru(PPh3)sCl, and 70 umol Col,, 2.3 mmol
Lil, 2 mL DMI, 2 mmol formic acid, 0.5 MPa DME (at room temperature), 180 °C and 12 h.
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Figure S12. The GC-MS spectra of the liquid sample after reaction using 2 MPa **CO, and 6 MPa
H,. Other reaction condition is the same as that given in Entry 1 of Table 1.

Note:

The following conclusions can be made according to **CO, tracer test.

1. The C atoms in the unreacted DME molecules were intact.

2. The CO generated in the reaction was from CO,.

3. The C atom of the methanol generated in the reaction was from DME.

4. In the ethanol generated in the reaction, the C atom of the CH; group was from DME, and the C
atom of CH,OH group was from CO..

14



9v0 ' 0—-—

8911
GBT T
coz 1

mBEL T—

€ET €
TIP £~
629°€

979 £\
qu.mmw
189°€

S8 L—

(a) Standard methanol and ethanol in DMI
H NMR

CH,OH
6

CH,CH,OH

4°5

y 02€'8T—

- EEP TE—

G20°Sr—
9LE' 0§ —

¢10°'85—

v8L 9L
Noﬂ.ppwv
» 020" LL

BCNMR

20 ppm

40

160 140 120 100 80 60

180

(b) 'H NMR of reaction solution

T00°0——

ciz'1
NNN.Hv

Z8L T —

PEE €
€95°€
mhm.mv

°2:
mmw.mw

LY ' L—

0 ppm

ppm

-CH; (4)

N-CH, (3)

N-CH, (2)
15

ppm

() b\\

-13CH,OH




(c) 3C NMR of reaction solution
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Figure S13. The standard NMR spectra of methanol and ethanol in DMI (a) and NMR spectra of
the reaction solution (b-e) using 2 MPa *CO, and 6 MPa H,. Other reaction condition is the same
as that given in Entry 1 of Table 1.

Note:

The NMR spectra of the reaction solution using *CO, as tracer indicate that the secondary carbon
(in -CH,-) in the ethanol molecule was from **CO,. The evidences are as follows:

(1) In the *H NMR spectrum (b), the proton signal of the methylene group (-CH,-) in the ethanol
molecule produced in the reaction splits into two peaks by the coupling with the **C atom.

(2) In the **C NMR spectrum(c), the signal of methylene group (-CH,-) in ethanol produced in the
reaction was abnormally high compared with the standard spectra (a), which is due to the
BC-labled reaction. The *3C signal of methyl group (CHs-) becomes weaker and splits into two
peaks, which is caused by the coupling with the adjacent *C atom in the -CH,- group. In addition,
the group containing the **C tracer atom has a minus signal in the DEPT135 spectrum, indicating
that it is the methylene group (-CHy-). These confirm that the C atom of -CH,- group was from
3C0,. The YJcc value is 37 Hz and coincides well with that of ethanol in the literature.

(3) The 'H, *C-HSQC NMR spectrum (d) demonstrates the linkage between the protons and
corresponding C atoms in the ethanol molecule. The *H, *C-HMBC NMR spectrum (e) illustrates
the linkage between protons in the methyl group (CHs-) and C atom in the methylene (-CHy-)
group.
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Figure S14. The GC-MS spectra of liquid sample of the reaction using 2 MPa D, instead of H,.
Other reaction condition is the same as that given in Entry 1 of Table 1.

19




x108
L8
1.6
L4

1.2

0.8
0.6
0.4
0.z

x106

0.8

[N Y

cooo
ot > o —

x105

x10 5

0

TIC (4 MPa D,)

1 1 1z

Peak 1

21

27 8L 33 35 40

42

45

43 47

51

56 58 60

20 22

24 26 28 30..32 34 . 36 38 40

42

44 46 48

50

52 5658 60

DME (Standard)

45

CDb,0

26

48

50

20 22

24 26

42

4446 48

50

52

Methanol (Standard)

29

30
25 2‘8 ‘ 3‘3

35 40

42

44 47

51

28 30...32 .34. 36 38 40

42

44 46 48

52 54 58 60

33

28
2526 | |

31
40

49

C,D60

58

2628 30..32 38 40

58 60

Ethanol (Standard)

22

31

28

26‘
|

24 |

32

34 37

41‘

45

16
43

‘ 47

|

55 59

6 R

5 4 0 12 14 18 18 20

22,

24

96 98 30. .32 34 36 38

40

4

A1 46

48

50

A4 A6 AR A0

nstead of H,.

;
i

Figure '815. The GC-MS spectra of liquid sample of thé réaction using 4 MPa Dz
Other reaction condition is the same as that given in Entry 1 of Table 1.
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The following conclusions can be obtained from D, tracer test.

1. The H atoms in the unreacted DME molecules were intact.

2. The D atoms could enter the methanol generated in the reaction. When the D, pressure was 2
MPa, only one D atom entered into a methanol molecule. When the D, pressure was elevated to
4 MPa, four D atoms could enter into a methanol molecule.

3. The D atoms could enter the ethanol generated in the reaction. Six D atoms could enter into one
ethanol molecule, and the ratio of ethanol molecules with 6 D atoms increased when the D,
pressure was elevated from 2 MPa to 4 MPa.
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Figure S16. The GC traces of the liquid sample (a) and gaseous sample (b) after reaction of CO,
and H, catalyzed by Ru catalyst. Reaction conditions: 30 umol Ru(PPhg3)sCl,, 2.3 mmol Lil, 2 mL

DMI, 4 MPa CO, and 4 MPa H, (at room temperature), 180 °C, 12 h.
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Figure S17. The GC traces of the liquid sample after reaction of DME with CO and H,. Reaction

conditions: 70 umol Col,, 2.3 mmol Lil, 2 mL DMI, 0.5 MPa DME, 0.5 MPa CO and 4 MPa H,
(at room temperature), 180 °C, 12 h.
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Figure S18. The GC traces of the liquid sample after the reaction of acetaldehyde and H,
catalyzed by Ru(PPh3);Cl,. Reaction condition: 30 umol Ru(PPh3)sCl,, 2.3 mmol Lil, 2 mL DMI,
2 mmol acetaldehyde, 4 MPa H, (at room temperature), 140 °C, 30 min.
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Figure S19. The GC traces of the liquid sample after reaction of methanol itself catalyzed by 30
umol Ru(PPh3)sCl, (a) and 70 umol Col, (b) respectively. Other reaction conditions: 2.3 mmol Lil,
2 mL DMI, 12 mmol methanol, 180 °C, 5 h.
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Figure S20. The GC traces of the liquid sample after reaction of DME with CO and H,. Reaction
conditions: 30 umol Ru(PPh3);Cl, and 70 umol Col,, 2.3 mmol Lil, 2 mL DMI, 0.5 MPa DME, 2
MPa CO and 4 MPa H, (at room temperature), 180 °C, 12 h.
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Figure S21. The GC traces of the liquid sample after reaction of DME with CO and H,. Reaction

conditions: 30 umol Ru(PPh3);Cl, and 70 umol Col,, 2.3 mmol Lil, 2 mL DMI, 0.5 MPa DME, 4
MPa CO and 4 MPa H, (at room temperature), 180 °C, 12 h.
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Figure S22. The GC traces of the liquid sample after reaction of DME and CO. Reaction
conditions: 70 umol Col,, 2.3 mmol Lil, 2 mL DMI, 0.5 MPa DME, 1 MPa CO (at room
temperature), 180 °C, 12 h.
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Figure S23. The GC traces of the liquid sample after reaction of methyl acetate itself. Reaction
conditions: 70 umol Coly, 2.3 mmol Lil, 2 mL DMI, 2 mmol methyl acetate, 180 °C, 12 h.
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Table S1. The performance of some reported catalysts for CO, hydrogenation to ethanol.

Temp Activity Ethanol Sel.
Entry Catalyst o Ref.
(°C) (based on CO,) (C-mol%o)
1 Rh-Fe/SiO, 260 4.3 mol getht 16.0 7
2 Li/RhY 250 35.1 mmol ge, th™ 2.7 8
3 Rhy,Se/TiO, 250 2.3 mmol ge, tht 83.0 9
Fe:Cu:AlLK + Cu:Zn:Al:K 4
4 . 330 173.0mol L™h 14.8 10
(mixed catalyst)
Rh/silicate + Fe:Cu:AlLK g1
5 . 350 229.7 mol L™h 9.3 11
(mixed catalyst)
6 CoMoS 340 121 g kgea th™ 5.5 12
0.17 gmL*h*
7 CuZnFeqsKo 15 300 19.1 13
(alcohols)
PPNCI-Ru3(CO)3,-Co4(CO 33.7 mmol L*h* 87.5
g a( . )12-C04(CO)12 200 . 14
-LiBr (alcohols) (in alcohols)
_ 12.9 mmol L*h* 41.9
9 RU3(CO)12'Rh2(CO)4CI2'L|| 200 . 15
(alcohols) (in alcohols)
0.7 h*
10 Ru3(C0)12-C0,(CO)g-KI 200 15.0 16
(ethanol, Ru)
0.5 mmol ge, th™ 57.0
11 Pt/Co30, 200 . 17
(alcohols) (in alcohols)
Ru3(C0);,-Co,(CO)g-Lil 1.1ht
12 (C0)12-C0A(CO)s 180 342 18a
(methanol substrate) (ethanol, Ru)
Ru(acac);-CoBr,,-Lil 17.9h?
13 180 50.9 18b
(paraformaldehyde substrate) (ethanol, Ru)
14 Pd,Cu 200 359.0 h* (Pd) 92.0 20
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2. Calculation of the space time yield (STY):

The STY is defined as mmol of C in reaction products per liter of solvent per hour. Taking the
experiment in Entry 1 of table 1 as an example: The products (ethanol, methanol, CO and methane)
generated in the reaction were 1.14mmol, 0.13mmol, 0.45mmol and 0.32mmol respectively, and
total mmols of C in the products was 2x1.14 + 0.13 + 0.45 + 0.32 = 3.18 C mmol. The reaction
time was 12 h and the solvent volume was 2 mL (0.002 L). The STY of this experiment =

3.18/(0.002x12) = 132.5C-mmolL*h™.
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