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We present an enhanced methodology for the synthesis of graphene, from photo-polymerized self-assembled monolayers (SAMs) of 1,1ʹ-biphenyl-4-thiol on both electropolished and oxidized copper substrates. The SAMs were subjected to a two-step process involving light-induced polymerization followed by annealing in a vacuum furnace to yield the two-dimensional solid. Comprehensive characterization using contact angle measurements, X-ray photoelectron spectroscopy, and Raman spectroscopy, as well as scanning electron and transmission electron microscopy, provided conclusive evidence of growth of single-layer graphene. Notably, our findings revealed superior quality graphene on oxidized copper substrates compared to their electropolished counterparts, highlighting the impact of substrate choice on the quality of the resultant material.
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1 INTRODUCTION
Graphene has surprised the scientific community because never before a single material was found to exhibit such a plethora of extraordinary properties (Novoselov et al., 2013; Akinwande et al., 2017), making it an unparalleled candidate for a diverse range of applications, including in electronics, sensors, and coatings (Novoselov et al., 2004; Novoselov et al., 2005; Zhang et al., 2005; Berger et al., 2004; Wang et al., 2008). As a consequence, numerous synthesis techniques have emerged in recent years, encompassing methods such as chemical exfoliation of graphite, reduction of graphite oxide, thermal graphitization of silicon carbide, and chemical vapor deposition (CVD) growth on metallic substrates (Dikin et al., 2007; Gilje et al., 2007; Emtsev et al., 2009; Li et al., 2009; Bae et al., 2010; Gengler et al., 2010; Batzill, 2012). One method that has received relatively modest attention is the growth of graphene from self-assembled monolayers (SAMs) (Turchanin et al., 2011; Rhinow et al., 2012; Angelova et al., 2013; Matei et al., 2013), even though it is relatively simple and easily upscalable. Growing graphene from self-assembled monolayers has the advantage that an SAM comprises a well-defined amount of carbon, and with the right choice of molecules, the thickness is controllable from single-layer to few-layer (FL) graphene. Previous work by Turchanin et al. (2011); Rhinow et al. (2012); Angelova et al. (2013); Matei et al. (2013) demonstrated the successful generation of graphene from a 1,1ʹ-biphenyl-4-thiol (BPT) SAM, first polymerized through electron irradiation in ultrahigh vacuum (UHV∼10–10 mbar) and then heated to approximately 1,273 K to transform the cross-linked molecules into a continuous honeycomb sheet. Of particular significance is the polymerization step, as 1,1ʹ-biphenyl-4-thiol desorbs at 400 K (Matei et al., 2013), but graphene production requires higher temperatures. By increasing the molecular weight through cross-linking, the precursor is found to remain on the surface for further processing. Experiments on Au (Turchanin et al., 2011) revealed that the resulting graphene was nano-crystalline, but those on Cu revealed that domains spanning several micrometers were formed (Matei et al., 2013).
Motivated by these promising results, we explored a more straightforward method that eliminates, in principle, the need for ultrahigh vacuum, rendering it a cost-effective alternative. In our approach, SAM molecules are polymerized using light, and a high-vacuum oven is employed for subsequent transformation into graphene. We prove that light-induced polymerization is equally successful as electron beam-induced polymerization and demonstrate micrometer-sized domains on oxidized Cu. Although our experiments were performed in ultrahigh vacuum for polymerization, this approach does not necessitate such stringent vacuum conditions (contrary to electron beam irradiation) for graphene production from adsorbed molecules and may open the door to the production of BN-doped graphene (Belser et al., 2023) with larger domain sizes and on insulating surfaces.
2 EXPERIMENTAL DETAILS
The two types of substrates used in these experiments were polycrystalline copper foils (thickness 25 μm, 99.99% purity, Goodfellow) either left with their native oxide or cleaned by electropolishing before assembling the 1,1ʹ-biphenyl-4-thiol (BPT) monolayer. For electropolishing, the copper foils, connected to the positive terminal of the power supply (E0300-0.1-L, Delta Elektronika), were immersed in the electrolyte (copper foil as the anode), an aqueous solution (2:1:1) of phosphoric acid (85 wt% in H2O, Sigma-Aldrich) and acetic acid (99%, Sigma-Aldrich). After 5 min of 2.5 V applied to the system, the surface oxide dissolved in the electrolyte. A hydrogen reduction reaction took place at the cathode. After electropolishing, the surface was smooth and showed no more traces of oxide, as confirmed by X-ray photoelectron spectroscopy (XPS). The electropolished foils were thoroughly rinsed with Milli-Q water, ethanol, and chloroform before immersion in the BPT solution. Copper foils covered by the native oxide were thoroughly rinsed with ethanol and chloroform before immersion in the BPT solution. We refer to these substrates as electropolished and oxidized copper in the following sections.
Monolayers of 1,1ʹ-biphenyl-4-thiol (97%, Sigma-Aldrich) were prepared by self-assembly from a 0.5 mM solution of chloroform (≥99.0% purity, Lab-Scan) by immersing the substrates for 24 h in the dark, at room temperature. After surface functionalization, the substrates were rinsed with chloroform, thoroughly dried with an argon gas stream (5.0 purity, Linde), and used for contact angle measurements or introduced immediately into the UHV system (base pressure ∼9 × 10−10 mbar). There, the SAMs were first characterized by XPS and then irradiated using a commercial He-I discharge lamp (HIS-13, Omicron Focus, photon energy 21.22 eV), operating at a pressure of ∼10–8 mbar, to induce polymerization. After polymerization, the samples were transferred to a vacuum furnace (EHA 12/150B, Carbolite Gero), operating at a base pressure of ∼10–5 mbar, where they were annealed at 1,100 K to induce graphene growth.
Contact angle (CA) measurements were made with a homemade microscope–goniometer setup, first on the bare substrates and then again after assembling the SAMs. A 2-µL drop of Milli-Q water was used as the measuring liquid (sessile drop method) (Mittal, 2003). A total of five to seven spots on each sample were measured, and the contact angle was averaged. Analysis was done by applying a baseline and an elliptical curve fitting of the water–air contact profile. The uncertainty in the measurements is ± 2o. XPS spectra were collected by employing a monochromatic Al Kα X-ray source (hv = 1486.6 eV) and a hemispherical electron analyzer (Scienta R4000) at a base pressure of ∼9 × 10−10 mbar. The X-rays illuminated the whole width of the sample; the overall experimental resolution was 0.4 eV. XPS spectra analysis was done using the least squares curve fitting program WinSpec developed at the LISE, University of Namur, Belgium, and included a Shirley baseline subtraction and a peak deconvolution using a linear combination of Gaussian and Lorentzian functions, taking into account the experimental resolution. The spectra were fitted with a minimum number of peaks consistent with the structure of the molecules on the surface. Binding energies of isolated peaks are given at ±0.05 eV; when more than one component was needed to reproduce the raw data, the error in the component position was ±0.1 eV. The uncertainties in the intensity determinations were approximately 1%. All measurements were taken on freshly prepared samples; three samples were measured in each case to check for reproducibility. Raman spectra in the range of 500–3,000 cm−1 were collected with an Olympus BX51 microscope fiber-coupled to an Andor Technology DU416A-LDC-DD camera coupled to a Shamrock 163 spectrograph, and 500 L/mm blazed grating was carried out at 750 nm. A HeNe laser (Thorlabs, random polarization) with a wavelength of 632.8 nm was used; the laser power was 9 mW and the focus spot measured 2 μm. Each spectrum was the average of 40 scans (0.5 s per scan) collected at 4 cm−1 resolution. Spectra were collected at five different spots of each sample to check for homogeneity. Transmission electron microscopy (TEM) images were acquired with a JEOL 2010F TEM, equipped with a field emission gun and operated at 200 keV. TEM images in the bright field mode and diffraction patterns were collected with a Gatan CCD camera. Scanning electron microscopy (SEM) analysis was performed using a JEOL JSM-7000F microscope equipped with a field emission source operated at 5 kV. Other SEM images (suspended graphene on TEM grids) were collected using a Philips XL30S microscope equipped with a field emission source operated at 5 kV.
3 RESULTS AND DISCUSSION
Contact angle measurements provided initial information on the quality of the self-assembled monolayers of BPT on electropolished and oxidized copper. The wetting properties of the sample’s surface change when the surface is functionalized. In a well-ordered SAM, the exposed part of the BPT is hydrophobic; therefore, a higher CA is expected for functionalized surfaces. The contact angle of the bare electropolished Cu substrate (Figure 1A) is (40 ± 2)o, while, as seen in Figure 1C, that of the BPT-functionalized surface is (96 ± 2)o, i.e., higher, as anticipated.
[image: Figure 1]FIGURE 1 | Water contact angle measured on electropolished copper foil (A), (C) and oxidized (B), (D) Cu substrates before and after self-assembly of a BPT monolayer.
The oxidized substrates showed a similar result, as seen from the comparison of Figures 1B, D): the BPT-functionalized oxidized Cu exhibits a CA of (114 ± 2)o, which is higher than that observed for the substrate prior to functionalization (76 ± 2)o. The difference in the contact angle between the BPT SAMs on electropolished and oxidized Cu depends on the intermolecular forces between molecules. In fact, Ron et al. (1998) and Laibinis and Whitesides (1992) reported that lower CA values are indicative of less densely packed SAMs. Consequently, our results suggest a more closely packed arrangement of the SAMs on the oxidized Cu surface.
Our observations for the bare oxidized substrate align with those of Gottardi et al. (2015), who oxidized Cu (111) in air and identified the formed oxide phase as Cu2O. Indeed, the contact angle determined for the bare oxidized surface is consistent with that (70 ± 2)° reported by Cabrita et al. (2010) for Cu2O, while these authors also found that the CAs for oxides like CuO and CuO/Cu(OH) are smaller. Hence, based on the value of the contact angle, we deduce that the oxide phase present in copper in our studies is primarily Cu2O.
To corroborate the structural integrity of the BPT molecules in the SAMs, X-ray photoelectron spectroscopy (XPS) was carried out. Figures 2A, B display the Cu2p3/2 core level region for a pristine BPT SAM on electropolished and oxidized surfaces, respectively. Two components are discernible in these spectra: the main component at 932.7 eV and a shoulder attributable to Cu bound to S at 933.5 eV. Concerning the former, we note that since both Cu and Cu2O exhibit a main component at this same binding energy (Ron et al., 1998), a precise differentiation between these oxidation states proves challenging. However, for oxidized copper (Figure 2B), the main component displays a slightly larger full width at half maximum (FWHM)—0.67 eV for oxidized and 0.6 eV for electropolished Cu—and a wider scan of the Cu2p core level region (Supplementary Figure S1) also shows a small satellite peak at around 945 eV in binding energy. Both the higher FWHM and the presence of the small satellite peak are characteristic of Cu2O, consistent with the contact angle measurements. The fact that a component due to Cu-S bonds can be discerned, points to the formation of thiolates.
[image: Figure 2]FIGURE 2 | XPS spectra of the Cu2p3/2 core level region of a self-assembled monolayer of BPT on electropolished (A) and oxidized copper (B); raw data (●) and fit (—).
Figures 3, 4 display the C1s (left panels) and S2p (right panels) spectra for BPT self-assembled monolayers on electropolished and oxidized copper as prepared, after photopolymerization and after annealing.
[image: Figure 3]FIGURE 3 | XPS spectra of the C1s (left panel) and S2p (right panel) core level regions of self-assembled monolayers of BPT on electropolished copper foil as prepared (bottom), after irradiation with UV light for 6 h, and after annealing to 1,100 K; raw data (●) and fit (—).
[image: Figure 4]FIGURE 4 | XPS spectra of the C1s (left panel) and S2p (right panel) core level regions of self-assembled monolayers of BPT on oxidized copper foil as prepared (bottom), after irradiation with UV light for 6 h, and after annealing to 1,100 K; raw data (●) and fit (—).
For the as-prepared BPT SAM on electropolished copper, the C1s photoemission line (Figure 3, left panel, bottom spectrum) exhibits a main component at a binding energy of 284.2 eV, attributed to the aromatic carbon of the biphenyl rings, and a smaller component due to the C-S bonds at 284.8 eV (Matei et al., 2013). Remarkably, the C1s spectrum for the as-prepared BPT SAM on oxidized copper (Figure 4, left panel, bottom spectrum) is nearly identical, with the main component at a BE of 284.3 eV and the smaller component due to C-S bonds at 284.9 eV. The S2p intensity peaks are at 162.5 eV (Figure 3, right panel) for the BPT SAM on electropolished copper and at 162.6 eV (Figure 4, right panel) for the BPT-SAM on oxidized copper, indicating the formation of thiolates (Laibinis et al., 1991) in both cases. Notably, no evidence for oxidized sulfur or metal sulfides was found at higher binding energies, confirming the structural integrity of the BPT molecules on both surfaces.
If the SAM is well-packed, the photoelectrons from the S atoms will be attenuated when passing through the biphenyl layer. To evaluate the attenuation of these photoelectrons, we calculated the intensity ratio IC1s/IS2p for both BPT SAMS and found IC1s/IS2p = 9:1 for the one on electropolished Cu and IC1s/IS2p = 8:1 for that on oxidized Cu. The lower ratio observed for the latter suggests that S2p photoelectrons experience less attenuation by the SAM, indicating a configuration where the molecules are more inclined toward the substrate surface because the adsorption sites are farther apart, and the biphenyl layer is, therefore, thinner. Such a scenario has been observed for oxidized Cu(111), where the oxide is arranged in a distorted Cu(100)-(√2x√2)R45° superstructure (Gottardi et al., 2015). Although the surfaces are polycrystalline in the present case (vide infra), it is reasonable to infer that the distinct IC1s/IS2p ratios arise from a different packing of BPT on the two surfaces. The XPS results, therefore, support the successful deposition of well-organized SAMs on both substrates, as corroborated by the contact angle measurements.
Following self-assembly and XPS characterization, the SAMs were polymerized with UV light. The polymerization step is needed to prevent desorption of individual BPTs from the surface during annealing (Matei et al., 2013), the essential step for the transformation of the SAM into graphene. To find out the optimal irradiation time, the samples were exposed to UV light (He I = 21.22 eV) for durations ranging from 1 to 12 h.
Pristine BPT SAMs and UV-irradiated (polymerized) samples show no major differences in the C1s and S2p spectra presented in Figures 3, 4. Since UV light causes emission of secondary electrons, it is reasonable to assume that the same effects as observed for electron beam irradiation occur (Turchanin et al., 2009; Yildirim et al., 2017), namely, dehydrogenation and cross-linking of the phenyl rings in such a way that they maintain their aromatic structure. For both substrates, the main C1s component shifted to a slightly higher BE (0.2 eV for the SAM on electropolished and 0.1 eV for the SAM on oxidized Cu foil). The decrease in the S2p spectral intensity, and hence in the amount of sulfur, was negligible after polymerization, and like for the C1s photoemission line, we saw a small shift (0.1 eV) of the S2p line to a higher BE after UV irradiation.
After photopolymerization, each SAM was subjected to annealing at 1,100 K. Thereafter, the carbon remaining on the surface was assessed using XPS as a function of UV irradiation time, as depicted in Figure 5 for the SAM on electropolished Cu. Notably, the sample that remained unexposed to light experienced nearly complete carbon loss during annealing. For samples irradiated for 2 or 4 h, an 80% decrease in the C1s intensity indicated incomplete polymerization of the SAM after 4 h of irradiation. Longer irradiation times (5–12 h) resulted in approximately 35% of the initial carbon remaining on the surface after annealing. This percentage closely aligns with the 30% reported by Matei et al. (2013) after electron-induced polymerization followed by annealing. Given that irradiation times exceeding 6 h did not yield a difference in the resulting carbon coverage, 6 h of irradiation was deemed sufficient.
[image: Figure 5]FIGURE 5 | Relative amount of carbon remaining after annealing to 1,100 K of BPT SAMs on an electropolished copper foil that had been previously polymerized by UV irradiation, plotted as a function of UV irradiation time. 100% corresponds to the amount of carbon detected for the freshly assembled BPT before light exposure and annealing.
The top curves in Figures 3, 4 present the C1s and S2p XPS spectra collected after annealing of the polymerized SAMs. While the amount of carbon on the surface did not change with polymerization, for the annealed samples, a loss of C was evident. To estimate the changes in carbon intensities, we used the ratio of the C and Cu XPS signals IC1s/ICu2p. For the sample on oxidized Cu, a value of 0.98 was found. For reference purposes, we also prepared graphene on electropolished Cu by chemical vapor deposition (CVD), following the procedure described in Gottardi et al. (2015), which yields a single layer of graphene, and found an intensity ratio IC1s/ICu2p of 0.97 for this sample. Since the Cu intensity is attenuated by the oxide on oxidized Cu, we can conclude that there is slightly more than a single layer of carbon on the oxidized Cu surface after annealing the polymerized BPT SAM. In contrast, for BPT molecules on electropolished copper foils, after polymerization and annealing, the IC1s/ICu2p ratio is found to be 0.56, significantly lower than for CVD-grown graphene on the same surface. A possible reason for such a reduced amount of carbon is desorption of non-polymerized molecules (Turchanin et al., 2013). We cannot be certain whether it is the UV photons or the secondary electrons or both that cause polymerization in our case; however, since the secondary electron yield of Cu is higher than that for copper oxides (Aguilera et al., 2013), if only secondary electrons were involved, there should be more non-polymerized BPT on oxidized copper than on electropolished Cu.
For the C1s lineshape, we first observe that the full width at half maximum (FWHM) of the main component of the annealed photopolymerized SAM on electropolished Cu (Figure 3, left panel, top curve) as well as on oxidized Cu (Figure 4 left panel top curve) has decreased to half the value it had in after polymerization and amounts now to 0.5 eV. Since the lineshape and binding energy of both samples very closely resemble those of CVD-grown graphene (Bignardi, 2013), we attribute the main component to sp2-hybridized carbon and the smaller component to sp3-hybridized carbon.
As seen in Figure 4 (right panel, top curve), sulfur is detected in the XPS spectrum after annealing the photopolymerized BPT SAM on oxidized copper, while no traces of sulfur were found for the one on electropolished copper foils (Figure 3, right panel, top curve). Compared to the spectrum before annealing, the sulfur signal shows a 65% decrease in the intensity, and the peak maximum shifts to a BE of 161.5 eV, typical of copper sulfides. This confirms the breaking of C-S bonds during annealing (Matei et al., 2013), as already concluded from the shape of the C1s photoemission line of the photopolymerized BPT SAM on oxidized copper. It is reasonable to assume that because of the higher amount of carbon present on the oxidized surface after annealing, sulfur atoms are blocked by the carbon layer on top and cannot desorb even at high temperatures, while on electropolished copper, they can easily desorb because the carbon layer is incomplete.
From CA and XPS measurements of the polymerized and annealed BPT SAMs, the presence of graphitized carbon was established. To ascertain whether the carbon layer is indeed graphene, Raman spectroscopy was performed. Graphene typically exhibits distinct Raman features, namely, the D band, the G band, and the Gʹ band (Ferrari et al., 2006; Malard et al., 2009). The D band is a measure of the number of defects and, therefore, provides an insight into the quality of the material, while the position and shape of the Gʹ band as well as the ratio between the intensities of the G and the G’ bands give information about the number of graphene layers (Ferrari et al., 2006; Malard et al., 2009; Lucchese et al., 2010). A ratio IG'/IG ∼ 2–3 is found for monolayer graphene, 2 > IG'/IG > 1 for bilayer graphene, and IG'/IG < 1 for multilayer graphene. Figure 6 presents the Raman spectra acquired on the polymerized BPT SAMs on electropolished (black curve) and oxidized copper foil (red curve) after annealing. The relative intensity and position of the peaks were consistent throughout each sample. One can clearly see the fingerprints of graphene: the G band at 1,607 cm−1, the D band at 1,335 cm−1, and the Gʹ band at 2,672 cm−1. For graphene grown on oxidized copper, the ratio IG'/IG is ∼ 2, pointing to a single layer of graphene. The lower intensity of the D band indicates that graphene grown on oxidized copper foil has fewer defects and, therefore, is of better quality than that grown on electropolished copper. The average distance between two point defects in the graphene layer was estimated using the intensity ratio of the G and D peaks (Lucchese et al., 2010). For the graphene on the oxidized substrate, the ratio ID/IG ∼ 0.3 implies an average distance between point defects of ca. 20 nm, while for electropolished substrates, ID/IG ∼ 1.1 gives an average distance of ca. 10 nm. These results align with the findings of Gottardi et al. 2015, who demonstrated that CVD-grown graphene on oxidized Cu(111) is of higher quality than that grown on electropolished substrates. Furthermore, analysis of the Gʹ band of graphene on oxidized copper foil (red curve) shows that it can be fitted with a single Lorentzian with a full width at half maximum of 46 cm−1, confirming single-layer graphene growth (Ferrari et al., 2006; Bignardi et al., 2013) already deduced from the XPS results.
[image: Figure 6]FIGURE 6 | Raman spectra acquired after annealing photo-polymerized 1, 1ʹ, biphenyl-4-thiol SAMs on electropolished (black curve) and oxidized copper foil (red curve); raw data (●) and fit (—).
To explore the morphological properties of graphene grown on both substrates, we performed scanning electron microscopy. Figure 7A displays the SEM image of graphene grown on electropolished copper foil. As already inferred from the XPS data, graphene does not form a continuous layer. Instead, the island density varies depending on the grain orientations of the foil. These results are consistent with graphene grown by chemical vapor deposition (CVD) on polycrystalline copper foil (Wood et al., 2011), where the most favorable orientation for graphene growth is Cu(111), followed by growth on high-index facets, while Cu(100) has been identified as the least favorable orientation with a slow graphene growth rate. In Figure 7A, three large distinct crystalline orientations are observed. The grain at the bottom left of the image exhibits continuous film growth with only few very small holes in the film, while other grains clearly show island formation. To understand these morphological differences, we determined the structure of the copper surface using electron backscattering diffraction (EBSD), as shown in Figure 8A. We found that the electropolished Cu foil consists of multiple orientations, with grain sizes ranging between 50 and 100 µm. Approximately 28% of the grains were oriented (001), 11% (101) and 2.5% (111), while the rest of the area consisted of high-index facets. The grains exhibiting island growth (Figure 7A) were closer to Cu(100) in orientation than the grains exhibiting continuous growth, which was close to Cu(111). This proves that the reduced diffusion on Cu(100) (Wood et al., 2011) is reflected also in the quality of the graphene produced by our method. Figure 7B shows the SEM image of graphene grown by annealing the polymerized BPT SAM on oxidized copper. Here, the layer is continuous and covers the entire surface; no holes can be seen. This explains the lower defect density deduced from the Raman spectra.
[image: Figure 7]FIGURE 7 | Scanning electron microscopy of (A) graphene on electropolished Cu foil and (B) graphene on Cu2O/Cu foil produced by annealing a photo-polymerized BPT SAM.
[image: Figure 8]FIGURE 8 | Electron backscattering diffraction map obtained on graphene on electropolished Cu foil (A) and the relation between false color coding and crystallographic orientation (B).
Further details concerning the structural properties of the grown graphene can be gained from transmission electron microscopy. For this purpose, the graphene layer needs to be transferred to TEM grids, as described in Bignardi et al. (2013). We were unable to transfer graphene grown on electropolished copper as it was not a continuous film, and graphene islands spread in the etchant solution. The graphene grown on oxidized copper was successfully transferred. Figure 9A shows the TEM micrograph of the suspended graphene; more than 90% of the 2-µm holes are covered. During transfer to the TEM grid, the sheets can fold or break, as seen in Figure 9A, where one hole is not fully covered and the rupture in the sheet is indicated with a blue arrow. During the transfer procedure, some defects like wrinkles and folding of sheets can occur (Bignardi et al., 2013); Figures 9A, B provides a detailed view of suspended graphene, revealing a wrinkle in the graphene sheet. The electron diffraction pattern collected from this sample is presented in Figure 9C. After background subtraction (Figure 9D), a single set of hexagonal spots is visible, indicating that the graphene layer is single crystalline in the measured region. However, this observation is not representative of the entire graphene layer; in fact, only 10% of the free-standing graphene in the 2-µm-diameter circular holes was found to be a single domain, and 90% exhibited a multidomain structure, explaining the observed defect peak D intensity in the Raman data.
[image: Figure 9]FIGURE 9 | TEM of graphene grown by annealing a polymerized BPT SAM on oxidized Cu and transferred to TEM grids. (A) Overview of approximately 250 μm2 area of the TEM grid; (B) detailed image of a single layer of suspended graphene; (C) electron diffraction pattern obtained on the area shown in panel (B); (D) same electron diffraction pattern as (C) after background subtraction.
4 CONCLUSION
In conclusion, we developed an improved method for graphene synthesis on copper foils through the annealing of self-assembled monolayers of 1,1ʹ-biphenyl-4-thiol, previously polymerized using UV light rather than an electron beam. On the electropolished Cu foil, we found that the quality of the obtained graphene strongly depends on the crystallographic orientation of the grains, and a continuous layer was obtained only on Cu(111), while other orientations showed growth of small islands. Interestingly, oxidized Cu foils yielded superior graphene quality with the formation of a continuous layer and approximately 10% of the grains exceeding 2 μm in size. However, it is noteworthy that achieving such high-quality graphene required temperatures comparable to those used in CVD growth. This synthesis route opens the way for graphene preparation via self-assembly of precursor molecules on insulating substrates, provided they exhibit similar catalytic properties leading to graphitization, as observed with the Cu2O surface studied in this work. The next challenge will be to verify whether this method is also suitable for producing doped graphene and, if yes, whether a certain arrangement of the doping atoms in the precursor molecule can be preserved in the resulting graphene.
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