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Table S1. Comparison of performance of Au/ZrO: solids examined in this study with the reported Au supported ZrO:
and modified ZrO2 catalysts for CO2 hydrogenation to methanol.

) . x(CO2) s(CH;OH) STY(CH;OH)
Catalyst Reaction Conditions (%) (%) (@veon ™! gea) Ref.
aAu(0.5 Wt.%)/ZrO2 240°C, 40 bar 6 7.5 1.6 VTVI(:;;
240°C, 40 bar, This
aAu(1 wt.%)/ZrO2 WHSV=120000 cm® h! gear 7 715 1.9
) work
Au(3 wt.%)/ZrOs 220°C, 5 bar 5 5 - [1]
Au(l Wt.%)/Zr0> 180°C, 45 bar 73 ; 2]
220°C, 80 bar
0, £ )
Au(10 at.%)/3Zn0/Zr0s GHSV=10000 11 2 100 0.01 [3]
AWIn03-Zr0s 300°C, 50 bar, 14 70 0.5 [4]

GHSV=21000 cm?® h'! gear'!

aThese catalysts were prepared by means of the deposition precipitation method.

Table S2. Relative atomic and relative weight surface concentration for the ZrOz support and Au/ZrO:z catalysts calculated
based on the measured high-resolution XPS spectra.

Sample C Zr o) Au
Rel. at. Rel. wt. Rel. at. Rel. wt. Rel. at. Rel. wt. Rel. at. Rel. wt.
conc. conc. conc. conc. conc. conc. conc. conc.
(%) (%) (%) (%) (%) (%) (%) (%)
ZrO2 13.4 4.7 24.7 66.2 61.9 29.1 - -
0.5Auw/ZrO; DP 154 53 25.3 66.7 59.2 27.4 0.1 0.5
1Au/ZrO; DP 14.0 4.7 259 66.1 59.6 26.6 0.5 2.5
0.5Au/ZrO; IMP 12.6 4.2 26.5 67.8 60.8 27.3 0.1 0.6
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Figure S1. a) Catalytic activity of 0.5Au/ZrO2 DP catalyst obtained at different temperatures, and b) results of the stability
test carried out at 240°C. Operating conditions: Pwt=50 bar, catalyst weight: 50 mg (homogeneously mixed with 200 mg of
SiC), gas flow rate: 100 ml/min, composition of the feed gas stream: 24 vol.% COz, 72 vol.% H: (balanced with Nb).
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Figure S2. UV-Vis DR spectra of ZrO: support and Au/ZrO: deposition precipitation/impregnation
catalysts after reduction.
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Figure S3. TEM images of Au/ZrO: deposition precipitation/impregnation catalysts after reduction.
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Figure S4. XPS survey spectra measured for the ZrO: support and Au/ZrO: catalyst samples.
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Figure S5. RMS profile of time resolved DRIFTS spectra for the whole steady-state experiment re-
gion conducted over 1Au/ZrO: DP catalyst under reaction mixture and N2 gas switch after 40 min
at 240°C and 40 bar total pressure.

1. Reaction steps of CO: to methanol hydrogenation via CO route

Direct CO2 to methanol hydrogenation via CO route starts with the reaction of ad-
sorbed CO:* with adsorbed H* and forms an intermediate OCOH?*. This intermediate is
highly active when compared to the formate intermediate that is formed via the formate
route (Eq. 7). High energy is required for the reaction in Eq. S1 that makes it an unfavora-
ble route for methanol production from CO: hydrogenation [5]. OCOH* is later decom-
posed by reacting with H* into *CO and H:O. Further, *CO reacts with H* and forms
HCO* which is continuously hydrogenated to CHsOH.

CO*+2H2+*H2 - OCOH*+H*+2H> (S1)

OCOH*+H*+2H2 > CO*+H0*+2H>  (S2)

CO*+H0*+2H2 - CO*+2H*+H-H20  (S3)

CO*+2H*+H2 » HCO*+3H*  (54)

HCO*+3H* > H.CO*+2H*  (S5)

H>CO*+2H* - HsCO*+H* (S6)

HsCO*+H* - HsCOH (S7)
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Figure S6. DRIFTS spectra recorded for 1Au/ZrO2 DP catalyst under reaction gas mixture at T=240°C
and Pwt=40 bar: a) the overall spectra, b) the carbonate segment, c) CO vibration segment and d) CH
vibration segment. The numbers 0 to 21.75 indicate time in minutes.
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Figure S7. DRIFTS spectra recorded for 1Au/ZrOz DP catalyst under N2 mixture at T=240°C and
Pwot=40 bar: a) the overall spectra, b) the carbonate segment, c¢) CO vibration segment and d) CH
vibration segment. The numbers 60 to 120 indicate time in minutes.
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Figure S8. Selected DRIFTS spectra acquired at 0, 40 and 120 min by either using reaction gas mix-
ture or N2 gas, respectively, in the presence of 1Au/ZrO: DP catalyst. Operating conditions: T=240°C,
Ptot=40 bar.
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Figure S9. Temporal profiles for HCOO* and H3CO* surface intermediates obtained during the in-
situ DRIFTS measurements carried out in the presence of 1Au/ZrO:2 DP catalyst.
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