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Scheme 1. Paths A and B followed in our catalytic tests. The main difference is in the final set of
experiments where the sample was cooled down to room temperature (path A) or directly to the
reaction temperature tested (path B). Most of the activity measurements were done at 250 °C, with
some at measurements at 350 °C.
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Figure S1. (a) XRD of a pristine CuTixOy solid solution, prepared by calcining the core@shell
nanowires in 10%0,/N; at 350 °C for 1 h along with the Cu/TiOx sample prepared by reducing the
CuTixOy in 50% Ha/N2 at 450 °C for 1 h. (b) XRD diffraction patterns of several standards. In part (a),
the reduced CuTixOy exhibits peaks for TiO2(~ 3.9 and 7.4 degree) and Cu (~ 6.6 and 7.7 degree).

Figure S2. TEM images of two independent samples, (a-c) and (d-f), pre-reduced in a flow reactor (1 hin
50 v% Hat 450 °C). The bar in the top of the image denotes 100 nm (a and d) or 10 nm (b, c, e, and f).
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Figure S3. E-TEM images for a reduced Cu@TiO; catalyst. The sample was pre-reduced in a reactor (1 h
in 50 v% H; at 450 °C) and then exposed to H. in the microscope (10 mTorr of Hp, at 450 °C, for 30 min).
The bar at the bottom of the images denotes 5 nm.
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Figure S4. The synchrotron AP-XPS data collected on a pre-reduced Cu/TiOxsample. The data were
collected stepwise at 250 °C and 450 °C in 750 mTorr Ho. In green are shown the Ti®* features.
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Figure S5. (a) A catalyst particle under 450 °C 10 mTorr of H., (b) after evacuating the H, gas and
annealing the sample in 10 Torr vacuum at 450 °C for 1.5 hours without electron beam irradiation. (b-f)
the structural evolution of a Cu@TiOx particle under 450 °C 10 mTorr of H2, "0 s corresponds to the
beginning of E-TEM study. In part (b) are shown areas with TiO,(101) and Cu(200) orientations. The bar
at the bottom of the images denotes 5 nm.



Figure S6. In situ oxidation of a pre-reduced Cu/TiOx sample under 0.2 mTorr of O at 350 °C. Before
exposure to oxygen, the sample was pre-reduced at 450 °C (see Figure S5). “0 s” corresponds to the
beginning of E-TEM study. In part (c) are shown areas with Cu,O[111] and Cu[111] orientations. The bar
at the bottom of the images denotes 5 nm.



Figure S7. E-TEM images for a sample under 10 mTorr of H; at 450 °C. Initially the sample was exposed
to 0.2 mTorr Oz at 350 °C (see Figure S6). The bar at the bottom of the images denotes 2 nm.
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Figure S8. The AP-XPS results associated with the (a) Cu 2ps2 and (b) Ti 2p peaks of the Cu/TiOx
sample with stepwise treatment in an ‘pre-reduced’ (black trace) condition, after a 350 °C / 30 mTorr O
treatment (red trace), and finally, after a 450 °C / 30 mTorr H; treatment (blue trace). The treatment with
O, at 350 °C produces a massive formation of CuO that covers the titania component and decreases the
Ti 2p signal. This effect is removed by final reduction on H; at 450 °C (blue trace).
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Figure S9. Ti K edge data collected during ramping from 25 °C to 250 °C with 7 °C /min ramping rate
under 12 sccm Hy, 4 sccm CO», and 4 sccm He; The temperature shown is the average temperature obtained
during the 3.7 min data collection. The in situ XANES experiments were carried out with a sample pre-
reduced in H; at 450 °C.
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Figure S10. In situ PDF data collected (a) during ramping from 30 °C to 250 °C with 10 °C /min with a
gas flow of 9 sccm Hzand 3 sccm COz; (b) during the cooling from 250 to 30 °C 30 min. Data collection
time for each spectrum was 0.5 min. The in-situ PDF experiments were carried out using a pre-reduced
sample in H; at 450 °C.
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Figure S11. The in-situ XRD data were taken under a mixture of H,:CO; (3:1) while heating from room
temperature (RT) to 250 °C (a and d), holding at 250 °C (b and e), and while cooling from 250 to RT (c and
f). The in-situ XRD experiments were carried out using a pre-reduced sample in H, at 450 °C.
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Figure S12. rWGS activity measurements at 350 °C using experimental paths A and B in Scheme 1. (a)
The CO2 hydrogenation activity was measured in a continuous experiment, which comprises three steps. In
a V(H2): v(C0O2): v(N2) = 3:1:1 mixture, a freshly reduced sample was switched to a reaction gas at room
temperature, and then the temperature was raised to 350 °C. Subsequently, the sample was held at 350 °C
for 24 h. Later, the temperature was cooled down to 30 °C and heated back to 350 °C. After that, the
temperature was then held at 350 °C for another 1 h. (b) The CO2 hydrogenation activity measured at 350
°C in a continuous experiment composed of 5 cycles. In each cycle, the temperature is raised from room
temperature to 350 °C and then kept at 350 °C for 1 h prior to cooling down to room temperature in a
reaction gas mixture composed of v(H2): v(CO2): v(N2)= 3:1:1. (c) The evolution of the CO2
hydrogenation activity over time measured with experimental path B (Scheme 1). In a v(H2): v(CO2):
V(N2) = 3: 1: 1 mixture with total flow rate of 10 sccm, an as-reduced sample was switched to reaction gas
at 250 °C and held for 1 h. Then the temperature was raised to 350 °C, at which point the rWGS was
measured as shown in the figure. (d) Measurement conditions are similar to (b) with the temperature
cooling down from 350 °C to 300, 250, 150 and 50 °C. (€) Measurement conditions are similar to (b) with

the flow switched from v(H2): v(CO2): v(N2)= 3:1:1 to v(H2): v(N2)= 3:2 at 350 °C and ultimately
switched back.
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Figure S13 a-b temperature program reduction (TPR) profile of CuTixOy under H,, D2, Ar mixture (5:1:5).
The CuTixOy was produced by reoxidation of a pre-activated Cu/TiOy at (a) 450 °C (b) 350 °C. (¢) H-D
exchange quotient measured on Cu/TiOy at (250, 270, 290, 310, 330, 350 °C) under CO; hydrogenation
conditions (Hz, D2, CO,, Ar (1.5: 1.5: 1: 16)). The temperature was cooled down to 30 °C before catalytic
measurements were conducted at different temperatures. (d) H-D exchange quotient measured on Cu/TiOy at
250 °C) under CO; hydrogenation conditions (Hz, Dz, CO,, Ar (1.5: 1.5: 1: 16)). Before the first
measurement, the temperature was raised from 30 °C. Between two 1h measurements at 250 °C, the setpoints
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