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Table S1. Chemical composition and textural properties of PMO catalysts. 

Catalyst 
Theoretical 

Compositiona 
Experimental 
Compositionb 

SBETc, 
m² g-1 

Vsgpd, 
cm3 g-1 

DBJHe, 
Å 

Cu-PMO Cu0.6Mg2.4Al1.0 Cu0.6Mg2.4Al1.0 197.7 0.96 212 
Ni-PMO Ni0.6Mg2.4Al1.0 Ni0.6Mg2.1Al1.0 239.2 0.74 176 

CuNi-
PMO 

Cu0.3Ni0.3Mg2.4Al1.0 Cu0.3Ni0.3Mg2.3Al1.0 255.7 1.06 173 

a based on quantities of metal ions used during coprecipitation process; b Determined by ICP-OES analysis; c Specific 
surface area by BET method; d Single point pore volume; e Pore diameter by BJH method. 
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Figure S1. XRD patterns of fresh Cu-PMO (a), Ni-PMO (b) and CuNi-PMO (c) catalyst. 

 

 

Figure S2. Representative TEM images of fresh Cu-PMO (a), Ni-PMO (b) and CuNi-PMO (c) catalyst. 



 

Figure S3. Product yield and carbon balances versus runtime for the CuNi-PMO catalyst. Reaction 
conditions: 320 °C, 0.1 MPa, LHSV=15 mL g-1 h-1. 

 

 

Figure S4. Product yield and carbon balance versus runtime for the Cu-PMO catalyst. Reaction 
conditions: 320 °C, 0.1 MPa, LHSV=15 mL g-1 h-1. 
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Figure S5. Comparison of product distribution versus runtime for the Cu-PMO and CuNi-PMO catalyst. 
Reaction conditions: 320 °C, 0.1 MPa, LHSV=15 mL g-1 h-1. 

 

 

Figure S6. Comparison of ethanol conversion versus runtime for the Cu-PMO and CuNi-PMO catalyst. 
Reaction conditions: 320 °C, 0.1 MPa, LHSV=15 mL g-1 h-1. 

0%

20%

40%

60%

80%

100%

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

Cu

Cu
N

i

12 24 36 48 60 72 84 96 108 120 132 144 156

Pr
od

uc
t d

is
tr

ib
ut

io
n

Runtime (h)

Acetaldehyde Diethyl ether 1-butanal Ethyl Acetate 1-butanol

0

20

40

60

80

100

0 20 40 60 80 100 120 140 160

Et
ha

no
l c

on
ve

rs
io

n 
(%

)

Runtime (h)

Cu-PMO CuNi-PMO



 

Figure S7. Ethanol conversion and acetaldehyde yield versus runtime for the Ni-PMO catalyst. Reaction 
conditions: 320 °C, 0.1 MPa, LHSV=15 mL g-1 h-1. 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0

10

20

30

40

50

12 24 36 48 60 72 84 96 108 120 132 144 156

Ac
et

al
de

hy
de

 y
ie

ld
 (%

)

Et
ha

no
l c

on
ve

rs
io

n 
(%

)

Runtime (h)

Acetaldehyde yield Ethanol conversion



 

Figure S8. TEM images (scale bar = 100 nm) of fresh and spent CuNi-PMO catalyst after running for 
different time. Fresh one (a), 24 h (b), 48 h (c), 96 h (d), 123 h (e) and 168 h (f). 



 

100 200 300 400 500 600 700 800

(e)

(d)

(c)

(b)

(a)

TC
D

 s
ig

na
l (

a.
u.

)

Temperature (C)
 

Figure S9. H2-TPR profiles of spent CuNi-PMO catalyst after running for different time. 24 h (a), 48 h (b), 
96 h (c), 123 h (d) and 168 h (e). 

 

Figure S10. FTIR spectra of fresh and spent CuNi-PMO catalyst obtained after long time (168 h) reaction. 
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Figure S11. XRD patterns of spent CuNi-PMO catalyst after running for different time. 24 h (a), 48 h (b), 
96 h (c), 123 h (d) and 168 h (e). 

 

Figure S12. The dark field TEM images and corresponding EDS mapping of Mg and Al for fresh CuNi-
PMO (a) and spent CuNi-PMO (b) obtained after 168 h. 



 

Figure S13. HRTEM images of spent CuNi-PMO catalyst obtained after 168 h. (b) is the close-view of the 
marked area in (a). 

 

 

Figure S14. TEM images of spent Cu-PMO (a) and Ni-PMO (b) catalyst obtained after long time reaction. 
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Figure S15. TG curves for the PMO catalysts after extended runtimes (~160 h). 
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Figure S16. DTG curves for the PMO catalysts after extended runtimes (~160 h). 

 

Table S2. The elemental composition of the CuNi-PMO catalysts before and after reaction (168 h). 

Sample Cu (wt%) Ni (wt%) Mg (wt%) Al (wt%) 

Fresh CuNi-

PMO 
7.4 6.6 21.2 10.4 

Spent CuNi-

PNO 
7.3 6.7 21.2 10.5 

  



 

Figure S17. Relationship between basicity and the 1-butanol selectivity for the CuNi-PMO catalyst   

 

Figure S18. The variation of ethanol conversion and 1-butanol composition with runtime at different 
temperatures over CuNi-PMO catalyst. Reaction conditions: 0.1 MPa, LHSV = 15 mL g-1 h-1. 
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Figure S19. Influence of reaction pressure on ethanol conversion and 1-butanol yield over CuNi-PMO 
catalyst. Reaction conditions: 320 °C, LHSV=15 mL g-1 h-1. 

 

Figure S20. Schematic diagram of the continuous set-up for Guerbet coupling of ethanol. 
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Table S3. Duplicate experiments showing ethanol conversion and product yield versus runtime for the 
CuNi-PMO catalyst. Reaction conditions: 260-360 °C, 0.1 MPa, LHSV=15 mL g-1 h-1. 

Temperature 
(°C) 

Runtime 
(h) 

Ethanol 
conversion 

(%) 

Yield (%) 

Acetaldehyde Diethyl 
ether 1-Butanal Ethyl 

acetate 1-Butanol 

Run 
1 

Run 
2 

Run 
1 

Run 
2 

Run 
1 

Run 
2 

Run 
1 

Run 
2 

Run 
1 

Run 
2 

Run 
1 

Run 
2 

260 8 43.3% 44.5% 11.8% 13.7% 3.1% 3.0% 0.6% 0.7% 0.8% 0.9% 1.4% 1.5% 

260 16 46.2% 43.6% 15.7% 14.5% 4.8% 4.2% 1.1% 0.9% 0.8% 0.8% 1.8% 1.7% 

260 24 46.8% 45.5% 15.4% 13.8% 3.6% 3.8% 1.5% 1.3% 0.5% 0.7% 2.9% 3.0% 

280 32 57.8% 56.7% 13.9% 13.0% 2.9% 2.6% 2.4% 2.9% 0.3% 0.2% 4.0% 3.8% 

280 40 59.6% 57.6% 14.0% 13.4% 2.6% 2.7% 3.6% 3.9% 0.2% 0.3% 6.0% 5.8% 

280 48 55.5% 59.8% 13.1% 13.9% 4.3% 3.8% 3.9% 3.8% 0.2% 0.2% 6.7% 6.8% 

300 56 67.8% 69.0% 11.5% 11.1% 2.2% 2.3% 4.0% 4.5% 0.1% 0.2% 5.4% 5.6% 

300 64 69.3% 67.7% 12.0% 11.9% 2.8% 2.3% 4.5% 4.6% 0.1% 0.1% 5.8% 5.5% 

300 72 64.0% 68.3% 12.8% 12.4% 2.5% 2.4% 4.3% 3.8% 0.1% 0.1% 5.9% 5.8% 

320 80 71.0% 72.4% 11.5% 12.8% 2.0% 1.7% 3.9% 4.4% 0.1% 0.1% 4.4% 4.3% 

320 88 51.3% 50.1% 9.2% 9.1% 2.6% 2.5% 2.4% 2.8% 0.1% 0.2% 3.8% 3.8% 

320 96 17.8% 18.3% 3.7% 3.6% 3.3% 3.2% 0.5% 0.5% 0.0% 0.1% 2.6% 3.2% 

320 104 19.2% 17.6% 1.6% 1.8% 3.1% 3.2% 0.2% 0.1% 0.0% 0.1% 2.4% 2.7% 

320 112 14.4% 15.9% 1.4% 1.6% 3.2% 3.2% 0.1% 0.2% 0.0% 0.2% 2.6% 2.8% 

320 120 15.0% 16.4% 1.3% 1.4% 3.6% 3.7% 0.1% 0.2% 0.0% 0.1% 2.7% 2.7% 

340 128 19.1% 20.1% 1.5% 1.8% 4.1% 4.6% 0.1% 0.1% 0.0% 0.1% 4.3% 4.2% 

340 136 20.6% 18.9% 1.6% 1.6% 3.8% 4.0% 0.1% 0.1% 0.0% 0.0% 5.1% 5.5% 

340 144 17.6% 18.7% 1.7% 1.4% 4.8% 4.2% 0.1% 0.1% 0.0% 0.0% 5.2% 5.6% 

360 152 26.8% 25.3% 2.0% 1.9% 5.8% 5.9% 0.2% 0.2% 0.0% 0.1% 7.2% 7.5% 

360 160 25.2% 24.5% 2.3% 2.0% 5.8% 5.6% 0.2% 0.2% 0.1% 0.2% 7.6% 7.4% 

360 168 22.8% 23.4% 2.3% 2.3% 6.3% 6.3% 0.2% 0.3% 0.1% 0.1% 7.5% 7.1% 

 

 


