Supporting Materials

Although we did not use any organic compounds [6] in the LDH synthesis and the only carbon-containing reagent used was sodium carbonate, the possibility that the initially formed smaller amount of water starting from CO2 + H2 affected the LDH interlayer/surface was checked and the organic compounds in LDH derived from the impurity of reagents and could be gradually released under UV-visible light was checked.

Fifty milligram of [Zn1.5Cu1.5Ga(OH)8]+2(CO3)2–mH2O was thoroughly suspended using ultrasonic in 30 mL of deionized water and illuminated under UV-visible light (Model UI-502Q, Ushio) without any cut-off filter (42 mW cm–2 at 555 nm) in air (101 kPa) with stirring at the rate of 900 rpm for 5 h.  Note that the intensity was measured at 555 nm but the Xe arc lamp irradiated in a wide spectrum between 200 and 1100 nm.  After the illumination, methanol (< 0.03 nmol) was not detected in GC-FID (Shimadzu, Model GC-18A) equipped with capillary column Ultra ALLOY-5 (Frontier Laboratories).  Thus, the possibility that methanol was derived from the impurities in the LDH samples was rejected.  The check experiment was in accordance with the product composition information for the reagents and the purity of deionized water used for the synthesis.

Nitrate salts were used in the synthesis of LDHs, but the retention time for the plausible gases formed from nitrate ions, NO and NO2 (0.54–0.55 min), was not similar to that for methanol (1.2–1.4 min) in the analysis using PEG-6000 column set in GC-TCD (Shimadzu, Model GC-8A).  Because NO2 was not detected in the system during photocatalysis, N2O4 was not present either.  Hence, compound other than methanol cannot be present at the retention time of 1.2–1.4 min.
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Figure S1.  The quartz photo-catalytic reactor illuminated using Xe arc lamp Model UI-502Q, Ushio (A) and Model SX-UID502XAM, Ushio (B).
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Figure S2.   Time course of the sample cell temperature during photo-reactions in CO2 + H2 for LDH catalysts at the center of sample cell; bottom (a, b); and at the side of the sample cell (c) monitored using thermometer (a, c) and thermocouple (b).   The quartz photo-catalytic reactor was illuminated using Xe arc lamp Model UI-502Q, Ushio.
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Figure S3.  The dependence of transmitted light intensity on the amount of catalyst homogeneously distributed in the quartz photo-catalytic reactor illuminated using Xe arc lamp Model UI-502Q, Ushio.
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