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Abstract: Using sunlight to produce valuable chemicals and fuels from carbon dioxide (CO2), i.e., 
artificial photosynthesis (AP) is a promising strategy to achieve solar energy storage and a negative 
carbon cycle. However, selective synthesis of C2 compounds with a high CO2 conversion rate remains 
challenging for current AP technologies. We performed CO2 photoelectroreduction over a 
graphene/silicon carbide (SiC) catalyst under simulated solar irradiation with ethanol (C2H5OH) 
selectivity of > 99% and a CO2 conversion rate of up to 17.1 mmol·gcat−1·h−1 with sustained 
performance. Experimental and theoretical investigations indicated an optimal interfacial layer to 
facilitate the transfer of photogenerated electrons from the SiC substrate to the few-layer graphene 
overlayer, which also favored an efficient CO2 to C2H5OH conversion pathway. 



Introduction 

Plants absorb large amounts of atmospheric CO2 to produce food and feedstock via 
photosynthesis. However, this process has become increasingly overwhelming due to excessive CO2 
emissions from industrial-scale fossil energy consumption, causing a rapid increase in atmospheric CO2 
levels and multifaceted symptoms of global warming.[1] To alleviate this grim situation, the 
development of efficient artificial photosynthesis (AP), a solar-to-chemical technology,[2] to 
complement natural photosynthesis is crucial. Although AP has progressed considerably in recent 
decades,[2,3] efficiently synthesizing valuable chemicals containing carbon–carbon (C–C) bonds and 
overcoming the usually low CO2 conversion rates remain challenging.[3c,3d] This is largely owing to the 
considerable complexity of AP,[2a,3d] which involves multiple sequential and parallel steps, including 
photoexcitation, charge separation and migration, and redox reactions, to generate the required active 
intermediates on the catalyst surface. Additionally, thermodynamically favorable C1 products such as 
carbon monoxide (CO), formic acid (HCOOH), formaldehyde (HCHO), methanol (CH3OH), and methane 
(CH4) can be produced from multiple AP intermediates,[3,4] making it challenging to selectively produce 
target chemicals containing C–C bonds.[5] Thus, the discovery of catalysts for efficiently synthesizing 
multicarbon products has been limited, hindering development of advanced AP technology. 

The key challenge of the efficient photoconversion of CO2 to multicarbon compounds is the 
precise control of active intermediates for C–C coupling while fulfilling the essential photosynthesis 
steps. We found that this can be achieved using a graphene/silicon carbon (SiC) composite catalyst, 
which comprises a SiC substrate, interfacial layer (IL), and few-layer graphene overlayer. An optimal IL 
structure allows photogenerated electrons from the SiC substrate to be facilely transferred to the active 
sites on the graphene overlayer. Reaction intermediates can then be efficiently formed and stabilized 
owing to their strong adsorption at the active sites and the high electron density of the graphene 
surface. Experimental results and first principles calculations show that CH3OH formation is largely 
suppressed in favor of C–C coupling. Ethanol (C2H5OH) is therefore exclusively formed with a selectivity 
of > 99% and a CO2 conversion rate of 17.1 mmol·gcat−1·h−1 under simulated solar irradiation with a 
small bias (−50 mV bias vs. Ag/AgCl) and ambient conditions. Thus, the photoelectrocatalytic 
performance of our catalyst in producing C2 products from CO2 was at least two orders of magnitude 
higher than those of the state-of-the-art AP catalysts (Table S1). 

Results and Discussion 

The epitaxial growth of hydrogen-treated commercial hexagonal SiC powder with an average 
size of 400 nm (denoted as h-S4) at 1500 °C under argon atmosphere (Figure 1a) produced a 
graphene/SiC composite, denoted as h-GS4. The Raman spectrum of h-GS4 is shown in Figure 1b. The D, 
G, G*, and 2D peaks at 1350, 1590, 2460, and 2710 cm−1, respectively, indicate the formation of an 
epitaxial few-layer graphene film,[6] along with the characteristic transvers optical (TO) and longitudinal 
optical (LO) phonon modes attributed to the SiC substrate.[7] Notably, not all prepared graphene/SiC 
composites are as efficient as the aforementioned one for CO2 conversion to C2H5OH. For comparison, 
three additional hydrogen-treated commercial SiC types, namely, 100 nm cubic SiC (c-S1), and 200 nm 
and 800 nm hexagonal SiC (h-S2 and h-S8, respectively), were used to grow epitaxial few-layer graphene 
films (see supporting information for details). These few-layer graphene composites were denoted as c-



GS1, h-GS2, and h-GS8, respectively, and their Raman spectra exhibited similar few-layer graphene 
characteristics and SiC modes (Figure 1b). 

 

Figure 1. Synthetic scheme, Raman spectra and CO2 photoelectrocatalytic performances. (a) Schematic 
of the graphene/SiC composite preparation. (b) Raman spectra of 100 nm cubic SiC (c-S1) and 200 nm 
(h-S2), 400 nm (h-S4), and 800 nm (h-S8) hexagonal SiC, as well as the corresponding epitaxially grown 
graphene/SiC composites: c-GS1, h-GS2, h-GS4, and h-GS8. (c) Comparison of the CO2 
photoelectrocatalytic performances of the bare SiC and graphene/SiC samples.  

The CO2 photoelectrocatalytic conversion performances of all the bare SiC and composite 
graphene/SiC catalysts were compared (Figure 1c), by applying the same reaction conditions of 
simulated 100 mW·cm−2 AM1.5 solar irradiation and a −50 mV bias (vs. Ag/AgCl) (see supporting 
information for full details). Only C1 compounds were produced over the bare SiC samples (c-S1, h-S2, h-
S4, and h-S8), with CO yields of 20–70 µmol·gcat−1·h−1 and a negligible amount of CH4. The c-S1 sample 
also produced CH3OH with a yield of 0.3 mmol·gcat−1·h−1. Overall, the activities of the bare SiC samples 
were comparable to those previously reported (Table S1).[8] However, interestingly, all the 
graphene/SiC composite catalysts were capable of converting CO2 to alcohols, especially C2H5OH. The 
composites c-GS1, h-GS2, and h-GS8 produced both CH3OH and C2H5OH, with small amounts of CO and 
CH4. The ethanol selectivity of c-GS1, h- GS2, and h-GS8 were 19%, 26%, and 78%, respectively. In 
contrast, the only liquid-phase product for h-GS4 was C2H5OH, with high yield of 8.5 mmol·gcat−1·h−1 
(Figures S1c and S2a) that was at least two orders of magnitude higher than those of state-of-the-art AP 
catalysts (Table S1); its yields of CO and CH4 were only 103 and 53 µmol·gcat−1·h−1, respectively, 
leading to an ethanol selectivity of > 99%. Additionally, the CO2 conversion rate over h-GS4 was 17.1 
mmol·gcat−1·h−1, comparable to those of state-of-the-art catalysts (Table S1),[9] and its solar-to-
chemical photo-efficiency was 0.8% (Figure S1e).[6] The reactivities of all composites showed good 
reproducibility based on > 10 tests each and stable product yields and CO2 conversion rates over 5 h 
(Figures S1 and S3), or up to 60 h for h-GS4 (Figures S1e and S3d), with < 5% fluctuation. Post-reaction 



scanning electron microscopy (SEM) and transmission electron aberration-corrected microscopy (TEAM) 
images of h-GS4 after 60 h of testing further showed no distinct alteration in the morphology, structure 
and catalyst layer thickness (Figure S4). And XRD patterns of h-GS4 also indicated the almost same phase 
compositions before and after reaction (Figure S5). Isotope-labeling experiments using 13CO2 as the 
reactant confirmed that C2H5OH originated solely from the photoelectroreduction of CO2 (Figure S6). 
Furthermore, the measured formation rates of molecular oxygen (O2) from the anodic compartment 
matched the theoretical values well (Figure S7), implying a stoichiometric reaction between CO2 and 
water to produce C2H5OH and O2. The composite h-GS4 distinguished itself from the other catalysts in its 
exclusive formation of C2H5OH, and its specific graphene/SiC interfacial structure appears to be crucial 
for the efficient C–C coupling. 

 

Figure 2. Structural features. (a) XPS spectra of the C 1s level of the composite catalysts. (b) Relative 
intensity ratios of IL/SiC and Gr/SiC based on the XPS spectra in (a). (c) NEXAFS spectra. (d) High-
resolution TEAM images. The yellow dashed lines indicate the lattice boundaries. (e) EPR spectra of the 
composite catalysts. 

The graphene/SiC composite interfacial structures were investigated using X-ray photoelectron 
spectroscopy (XPS) and near edge X-ray absorption fine structure spectroscopy (NEXAFS). Each XPS C 1s 
spectra (Figure 2a) was fitted with three components: the substrate cubic SiC (c-SiC) at 283.1 eV or 
hexagonal SiC (h-SiC) at 282.4 eV, graphene (Gr) layer at 284.7 eV, and IL at 285.9 eV, which are the 
characteristic peaks for the composites of epitaxial few-layer graphene over SiC.[10] The relative 
intensity ratios IL/SiC and Gr/SiC for the individual composites are shown in Figure 2b. The IL/SiC ratio 
was 0.21 for both c-GS1 and h-GS2, indicating that the SiC crystalline phase may not affect the IL 
configuration. The composite h-GS4 had the largest IL/SiC ratio of 0.35, which was 0.28 for h-GS8. In 
addition, the Gr/SiC ratios were 1.28, 1.06, 0.97, and 1.37 for c- GS1, h-GS2, h-GS4, and h-GS8, 
respectively. These results suggest that, among the composites, h-GS4 possesses the highest proportion 
of IL with the lowest proportion of Gr owing to the deep surface reconstruction induced by the highest 
intrinsic LO/TO ratio in the h-S4 lattice (Figure S8). The C K-edge NEXAFS spectra of the composites 
(Figure 2c) were characterized by an intense resonance absorption peak at 284.9 eV and a broadened 



peak at 291.2 eV, assigned to the C 1s → π* and C 1s → σ* transitions,[10c,11] respectively, as well as 
three split peaks, characteristic of sp2-hybridized carbon atoms,[11] indicating the presence of graphitic 
structures on the surface. Furthermore, a peak at 287.2 eV was attributed to the subsurface C–Si 
bonds.[10a,12] In comparison, peak intensities for both the C 1s → σ* and C–Si bonds were much 
lower for h-GS4, suggesting a weak surface in-plane σ* resonance and unsaturated subsurface C–Si 
bonds, especially in the IL. 

High-resolution TEAM further revealed the configurations of the graphene/SiC composites. As 
displayed in Figure 2d, all the composites comprised three hierarchical strata, Gr, IL and SiC, with distinct 
lattice boundaries. Well-defined few-layer graphene was overlaid around the SiC particles (Figures S9 
and S10), and the ILs adjacent to the surface were located between the Gr and SiC regions. Furthermore, 
h-GS4 possessed the thickest IL and thinnest Gr layers (Figure 2d), consistent with the XPS results. 
Raman analyses (Figure S11) also confirmed that h-GS4 had the thinnest graphene film, as observed by 
TEAM. Electron paramagnetic resonance (EPR) spectra of graphene/SiC composites showed Lorentz lines 
of unpaired electrons on π-conjugated carbon atoms (g =2.003), implying the presence of carbon 
vacancies (Figure 2e).[13] The bare SiC samples had negligible carbon vacancies (Figure S12), and the 
EPR peak intensities of the graphene/SiC composites were considerably higher than those of their bare 
SiC counterparts, demonstrating that specific graphene/SiC interface structures derived from the 
epitaxial growth of SiC substrates have abundant vacancies. Notably, h-GS4 had the highest carbon 
vacancy concentration, consistent with the NEXAFS results showing the largest unsaturated C–Si bonds 
in h-GS4. 

With a suitable band gap and band edge, SiC can function as an active photoabsorber and 
catalyze the formation of C1 products from CO2,[8] whereas the incorporation of a few-layer graphene 
film and IL boosts C2H5OH production and the CO2 conversion rate. For bare SiC samples, which possess 
uniform crystalline lattices (Figure S13), the facile recombination of photogenerated electron–hole pairs 
hinders efficient CO2 reduction by photoelectrons. The epitaxial growth of few-layer graphene formed 
interfacial structures in the composites with well-preserved SiC phases (Figure S14), and absorptions in 
the visible spectrum were enhanced compared with the bare SiC samples (Figure S15). Moreover, the 
charge transfer resistance (Rct) values of the graphene/SiC composites were smaller than those of the 
bare SiC samples owing to the conductive few-layer graphene overlayers (Figure S16). The Rct of h-GS4 
was only 1.03 Ω, which was ~80% of those of h-GS2 and h-GS8, and 92% of that of c-GS1, implying that 
electron transfer was the easiest over h-GS4. Thus, the photogenerated electrons from the SiC substrate 
of h-GS4 could migrate to the graphene overlayer through the IL the most effectively under a bias, 
affording the largest photocurrent density (Figure S17). The surprisingly high CO2 conversion rate over h-
GS4 could therefore be attributed to the synergistic effects of the best photocurrent response capability 
and active sites, derived from its intrinsic structural features. Additional experiments demonstrated that 
the CO2 photoelectrocatalytic performances of bare SiC and composite graphene/SiC catalysts were not 
related to their electrochemically active surface areas (Figures S18 and S19) and that a bias of −50 mV 
enhanced the separation of photogenerated electro–hole pairs, affording substantial product yield 
improvements for the graphene/SiC composites (Figure S20). 



 

Figure 3. Detection of reaction intermediates. in situ ATR-FTIR spectra of the co-adsorption of a mixture 
of CO2 and H2O vapor over (a) h-S4 and (b) h-GS4 under different light irradiation times. 

To obtain the possible reaction pathways and intermediates of CO2 photoelectrocatalytic 
conversion over the catalysts, in situ attenuated total reflection Fourier transform infrared (ATR-FTIR) 
spectra was performed under constant irradiation. A series of peaks appeared over h-GS4 and h-S4 and 
their intensities were gradually increased in a humid CO2 atmosphere from 0 to 60 min. As shown in 
Figure 3a, the peaks over h-S4 at 1384, 1652, and 2872 cm−1 corresponded to C–H bending (δ(C–H)), 
asymmetric O–C–O stretching, and C–H stretching (ν(C–H)) vibrations of the *COOH group,[14] which is 
usually considered a key intermediate in CO or CH4 formation. The chemisorbed *CO detected at 2081 
cm−1 is essential for forming multielectron products.[15] Furthermore, the signals at 1055 (the H–C=O 
bending vibration of *CHO), 1473 (*CH2O), and 1750 cm−1 (C=O stretching vibration of CHO*)[14a,16] 
represent the crucial intermediates for CH4 and CH3OH formation. The band at 2820 cm−1 corresponds 
to the ν(CH3) modes of the *H3CO species, while those at 1120 and 1033 cm−1 correspond to the ν(C–O) 
modes of bridged (b-OCH3*) and terminal (t-OCH3*) methoxide species, respectively,[17] indicating the 
formation of CH3OH. In-situ ATR-FTIR spectra over h-GS4 (Figure 3b) also showed the similar reaction 
intermediates at 1646 (corresponding to *COOH), 1473 (*CH2O), and 1059 cm−1 (*CHO), suggesting CO 
or CH4 formation. Furthermore, h-GS4 exhibited much higher activity for C2H5OH formation with 
increasing *C2H5O characteristic band intensities at 1398 cm−1.[18] The signals at 2902, 1447, and 2976 
cm−1 could be attributed to the characteristic symmetric stretching vibrations of *CH2, and the 
symmetric and asymmetric stretching vibrations of the *CH3 groups of C2H5OH, respectively.[19] The C–
OH (1059 cm−1), C–C (1226 cm−1), and C–O (1253 cm−1) groups were also observed as characteristic 
fingerprint signals of C2H5OH.[20] Notably, both h-S4 and h-GS4 clearly showed adsorption peaks at 
2081 and 2122 cm−1, respectively, associated with atop-adsorbed *CO (*COatop), while h-GS4 showed 
an additional adsorption peak at 1930 cm−1 owing to strongly bridge-adsorbed *CO (*CObridge)，in 



consistent with previous reports.[21] Notably, the blueshift of *COatop over h-GS4 demonstrates 
strengthened adsorption on the catalyst surface. The carbon vacancies in h-GS4 affect the CO adsorption 
configuration, leading to more adsorption modes of *CO intermediates compared with bare SiC. (Figure 
S21)[22] In general, C2 product formation requires a stronger *CO intermediate that couples with the 
neighboring *CO.[23] Coexisting *CObridge and *COatop tend to couple to form C2 products rather than 
undergo competitive protonation to form *CHO or rapid desorption from the catalyst surface to form 
CO.[21,24] Consequently, the structural characteristics of h-GS4 enabled the highest carbon vacancy 
concentration, which facilitated the activation capability of CO2 and the coupling of key *CO 
intermediates during CO2 photoelectroreduction, resulting in the most efficient CO2 conversion to 
C2H5OH. 

To further understand the mechanism of the exclusive formation of C2H5OH over h-GS4, we 
performed extensive density functional theory (DFT) calculations to elucidate the active site structure 
and the effect of the IL structure on catalytic performance. The photoelectroreduction pathways for CO2 
to C2H5OH and CH3OH were also investigated to understand the structure-selectivity of composite 
catalysts. CO2 photoelectrocatalytic reduction includes a set of coupled electron–proton transfer steps, 
where electron transfer usually occurs at a much shorter time scale than the proton transfer.[25] CO2 
electrocatalytic reduction activity was previously shown to be critically correlated with CO adsorption 
energy[25] and a moderate CO adsorption energy was further proposed to favor OC–CO 
dimerization,[26] which is a key elementary step for C2 product formation from CO2.[27] 

Graphene/SiC composite catalysts were modeled by anchoring a Gr overlayer on the bare Si 
terminated surface of a SiC substrate (Figure 4a) whose C-terminated surface was passivated by H 
atoms. The IL was defined as the Si and C atomic layers immediately beneath the Gr overlayer for 
simplicity (Figure S22). The Gr overlayer of the Gr/SiC model is chemically inert, and CO adsorption 
energy is merely −0.15 eV (Figure S23) despite the included empirical dispersion correction being a van 
der Waals interaction, making it an unlikely active site for CO2 photoelectrocatalytic reduction. Our DFT 
calculations suggest that creating a C vacancy in the Gr overlayer renders the surrounding unsaturated C 
sites chemically active, as CO adsorption energies range from −0.5 to −3.6 eV (Figure S23) depending on 
the relative location of the C vacancy (vac1 and vac2) and CO adsorption configurations (top and bri). In 
the Grvac1/SiC and Grvac2/SiC models (Figure S22), the three unsaturated C sites in the Gr overlayer 
directly interacted with two or one Si atoms from the IL with Si–C bond lengths of ~1.85–2.05 Å. In the 
real catalyst system, the Gr layer that forms heterojunction interfacial layer with the SiC substrate 
exhibited considerable thickness, as demonstrated in the experimental TEAM result (Figure 2d). 
However, our calculations on a multi-layered graphene model showed that the Gr layer was stacked via 
the van der Waals (vdW) interactions, with a calculated layer distance of about 3.9 Å when employing 
Grimme’s empirical vdW dispersion corrections. The optimized structure of the multi-layered graphene 
model was shown in Figure S24. Since the second/third Gr layer in the model only interact with the SiC 
substrate via vdW interactions instead of forming the much stronger Si–CGr covalent interactions, the 
effect of the Gr thickness was considered to be limited on the reactivity in the second/third Gr layer 
based on our calculations. We thus proposed that only the Gr interfacial layer (IL) that interacted with 
the SiC matters in determining the reactivity of the h-GS4 catalyst. Furthermore, the main contribution 
of our present DFT studies using the structure model with only one Gr layer was to propose a plausible 



catalytic mechanism for our catalyst and to rationalize the effect of the IL layer and C vacancy sites on 
the reactivity of CO adsorption and the OC–CO coupling reaction. Bader charge analysis further showed 
the electron transfer from the relevant Si atoms to C atoms, as the former carries a positive charge of 
+2.4 |e|, and the latter carries a negative charge of −0.5–−0.7 |e|. Furthermore, several IL structures 
within the graphene/SiC composite catalysts were modeled by substituting one or three Si atoms in the 
IL with C atoms (Figures 4a and S22), affording Si:C atomic ratios of 1:1.25 and 1:2 in the IL, respectively. 

 

Figure 4. DFT studies. (a) Structural model of a graphene/SiC composite catalyst with the IL and Gr layers 
over the SiC substrate. (b) Charge density difference plot due to CO adsorption, shown as yellow and 
cyan isosurfaces for accumulated positive and negative charges, respectively. (c) Calculated CO 



adsorption energies versus the Si/C atomic ratios of the IL structure. (d) Calculated CO adsorption 
energies versus electron loss at the unsaturated C site(s) induced by CO adsorption as predicted by 
Bader charge analysis. (e) Potential energy surfaces for OC–CO dimerization and CO hydrogenation over 
the Grvac1/SiC1.25 catalyst model, which favors dimerization over hydrogenation as opposed to that 
over the Grvac1/SiC catalyst model. 

The charge density difference for CO adsorption (Figure 4b) suggests an electron transfer from the 
graphene layer to CO, consistent with the Bader charge analysis that showed a decrease from 4.53 to 
3.78 in the number of valence electrons in the unsaturated C active site upon CO adsorption. The CO 
adsorbate was predicted to carry a negative charge (−0.23 |e|), indicating an increase in its electron 
density, while CO adsorption resulted in an unsaturated C active site carrying a positive charge of +0.22 
|e| partly owing to the breaking of Si–C bonds. Crystal orbital Hamilton population (COHP) analysis of 
CO adsorption in the top-Grvac1/SiC structure (Figure S25a) showed that the bond between C in the CO 
adsorbate and the unsaturated C site in the Gr overlayer arises mostly from their 2s–2p and 2p–2p 
interactions. In addition, this C@Grvac1–CO bond was predicted to be much stronger than the 
C@Grvac1–Si@IL bond in the Grvac1/SiC structure, based on calculated integrated COHP (ICOHP) values 
of −12.64 and −4.11 eV (Figure S23) with corresponding estimated bond energies of 2.19 and 0.20 eV, 
respectively. The C@Grvac1–CO bond length in the top-Grvac1/SiC structure was very short at 1.33 Å, 
suggesting a C=C double bond. These results indicate a strong covalent interaction between the CO 
adsorbate and unsaturated C sites in the Gr overlayer. Furthermore, CO adsorption is generally stronger 
over catalyst models with higher C concentrations in the IL (Figures 4c and S23), with CO adsorption 
energies ranging from −1.6 to −4.1 eV for IL = SiC1.25 and −4.4 to −5.1 eV for IL = SiC2. The linear 
relation between the calculated CO adsorption energy and electron loss at the unsaturated C site upon 
CO adsorption (Figure 4d) was consistent with the breaking of Si–C bonds and formation of C–C bond 
during CO adsorption. 

Mechanisms for the formation of CH3OH and C2H5OH from CO2 were further investigated for the 
Grvac1/SiC and Grvac1/SiC1.25 catalyst models, as shown in Figures S26 and S27, and the calculated 
reaction energies of the elementary steps were used to tentatively determine possible reaction 
pathways. Owing to importance of the OC–CO coupling reaction in the formation of C2 products,[22,27]  
we calculated its energy barrier and compared with that of CO hydrogenation to reveal the influence of 
the IL structure on product selectivity. As shown in Figure 4e, after adsorption of the first CO molecule at 
the top site of one of the three unsaturated C sites in the Gr overlayer in the Grvac1/SiC1.25 model, a 
second CO molecule can be adsorbed at another unsaturated C site, followed by OC–CO coupling with a 
low energy barrier of 0.58 eV. In contrast, CO hydrogenation initiated by H adsorption at the other 
unsaturated C site must overcome a higher energy barrier of 0.94 eV. Therefore, OC–CO coupling is 
clearly favored over CO hydrogenation, causing the selective formation of C2 products. In comparison, 
the Grvac1/SiC model (Figure S28) included OC–CO coupling and CO hydrogenation steps with energy 
barriers of 0.62 and 0.81 eV, respectively, reflecting only a small difference. Thus, our calculations show 
OC–CO coupling to be the most important step in C2H5OH formation for the Grvac1/SiC1.25 catalyst 
model with a higher C concentration in the IL, consistent with the superior performance of h-GS4 with 
high C concentration in the IL. 



Conclusion 

We developed a new catalyst comprising graphene and IL over SiC. This catalyst showed a near-
perfect C2H5OH selectivity of > 99% at an exceedingly high CO2 conversion rate of 17.1 mmol·gcat−1·h−1 
and stability in ambient CO2 photoelectroreduction. The IL facilitates photogenerated electron transfer 
from the SiC substrate to the graphene active sites, affording efficient CO2 activation and C–C coupling 
to produce C2H5OH. This work paves the way toward an advanced AP strategy to efficiently valorize 
greenhouse CO2. 
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The interfacial layer in the graphene/silicon carbide composite allows the facile transfer of 
photogenerated electrons from the silicon carbide substrate to the active sites of graphene, resulting in 
efficient CO2 activation and C−C coupling for ethanol production. This catalyst showed a near-perfect 
ethanol selectivity of > 99% at an exceedingly high CO2 conversion rate of 17.1 mmol·gcat−1·h−1 and 
stability in ambient CO2 photoelectroreduction. 

 




