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Experimental
Bulk HKUST-1 Synthesis

Bulk HKUST-1 was synthesized according to the procedure by Ma et al. (S1)where 2.16 g of
Cu(NO3), 3H,0 was dissolved in 30 ml of DI water and 1.05 g of BTC was dissolved in 30 mL of
ethanol. The solutions were combined and stirred for 30 minutes before being transferred to a teflon lined
autoclave. The solution was heated, in the autoclave, for 6 hours at 120°C with a 3°C/min ramp rate.
After cooling, the solid was filtered using VWR 413 filter paper and washed with ethanol. BET analysis
showed a relatively low surface area (369 m?/g) and this is due to the sample being unactivated.
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Table S1. Comparison of reaction conditions and methanol productivity/selectivity for Cu/Al,O5 and
CZA catalysts from this paper and from literature examples.

Catalyst Name Temp pressure Cu NP size Methanol Methanol  Reference
from °O) (bar) wt%  (nm) Productivity Selectivity
Literature (mmol h'' kg'') (%)
230 20 10 11 870 18.6 )
LBL10D 250 20 10 11 1380 12.0 \T)énsk
270 20 10 11 1700 8.2 or
10%Cury- 230 20 10 15 875 16.3 This
ALO, 250 20 20 15 1210 10.4 Work
270 20 20 15 1550 7.3
CA 250 20 10 4.65 - 13.44 S2
240 30 10 - - 16.9
RCW-ALOs 1960 30 0 - - 10.7 53
30Cu 300 60 30 - - 9.62 S4
Cu/H-600 280 30 10 - 2500 - S5
Cu/Al,04 280 40 15 19 2500 <59 S6
10wt%Cu/UAT 260 30 10 NA - 23.1 S7
10wt%Cu/HAI 260 30 10 NA - 30.3
Cu/AlL,Oz-ow 350 40 5 2.2 - 78.6 S8
CZA-CP 250 20 50 14 6.93* ~11.5 S9
CZA-US 250 20 ~50 9 9.28%* ~11
CZA-SC 250 20 50 11 5.02% ~7.5
CZA-SS 250 20 50 16 2.54%* ~5
CZnA 250 20 10 5.12 - 17.37 S2
CZA-1 220 40 6.4 - 35.9 35.9 S10
CZA-2 220 40 147 CuO: 11.6 - 56.2
Cu: 12.5
CZA-3 220 40 21.7 CuO: 123 - 58.7
Cu: 13.3
CZA-4 220 40 28.7 CuO:13.8 - 58.9
Cu: 144

*In units of mg MeOH/(ml cat*2000 h)
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Figure S1. N, adsorption/desorption isotherms of bulk HKUST-1, y-Al,O;, LBL5-15, and LBL5D-15D.
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Figure S2. Williamson-Hall plots for (left to right) LBLS, LBL10, and LBL15.
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Figure S3. N, adsorption/desorption isotherms of y-Al,O3 and 10%Cu/y-Al,O; catalyst.
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Figure S4. TGA profiles of the sol-immobilized catalyst precursor, the y-Al,O5 (substrate), and LBLSD-
15D.
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Figure S5. Particle size distribution for LBL5D-15D.
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Figure S6. CO, conversion, methanol selectivity (a) and CO selectivity (b) over LBL10D and

10%Cu/y-Al,O5. The equilibrium lines were added for comparison. Reaction conditions: 230-
250-270 °C, 20 bar, 30 ml min'!, CO,:H;:Ar:N,=20:60:5:15, 0.1 g catalyst.
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Figure S7. Catalytic performance for CO, hydrogenation over time: a) LBL10, b) LBL10D and c)
10%Cu/y-Al,Os. Reaction conditions: 230, 250, 270°C; 20 bar; 30 ml min-'; CO,:H,:Ar:N,=20:60:5:15;
0.1 g catalyst.
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Figure S8. Representative post-reaction TEM images of LBL10D (a and b) and 10%Cu/y-Al,O; (c and d).
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