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Fig. S1 Raman spectrum of (a) as-prepared graphene and (b) as-prepared BN on Cu foil. Raman
spectrum of (c) graphene and (d) BN on SiO,/Si wafer. Inset of Fig. S1d shows statistical peak

positions from the 12 measurements.

The Raman peak of BN on Cu foil is very weak (See Fig. S1b). We used the
PMMA-mediate method to transfer monolayer BN onto SiO,/Si substrate. The Raman
spectra of graphene and BN are shown in Fig. Slc and S1d, respectively. The peak
position is around 1369+1 based on the 12 measurements, as shown in the inset of Fig.

S1d. This shows that the BN is mainly monolayer.!
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Fig. S2 (a) XPS spectrum of the N1s electrons and Bls electrons. The peak positions are 397.8 eV and
190.3 eV, respectively. The N to B ratio is around 1.07, showing that the material is mainly BN (b)
AFM image of the BN layer. The thickness is around 0.52 nm, corresponding to the monolayer BN.

We experimentally verified the existence of BN on copper foil by XPS
characterization. In Fig. S2a, a peak around 397.8 eV is exhibited, corresponding to
the N Is electron peak.! The B 1s electron peak is detected with a binding energy of
190.3 eV, which is in good agreement with the results reported by Kim et al.! The
XPS data show that the N/B ratio is around 1.07, which close to the result of (55:45)
by Kim et al’ and the result of (1.12:1) by Shi et al’.The relative higher atomic
percentage of N atoms indicates that the major defects in the BN layer are B defects.

We conducted AFM characterization to accurately measure the thickness of BN
layer. Fig. S2b shows the AFM image of BN on Si substrate. The thickness of BN is
measured to be less than 0.52 nm, which is close to the monolayer BN thickness (0.42
nm) reported by Kim et al. and the monolayer value in bulk crystal (0.33 nm).!* The
difference can be caused by the BN transfer process and the adsorbed molecules on

the substrate. It shows that the BN in this work is mainly monolayer.
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Fig. S3 SEM images of the partially protected Cu foil dipped in HNOj3. Note that the parts with (a) BN
and (b) graphene are protected. EDS analysis performed on the two regions of partially coated with (c)
BN and (d) graphene. (¢) Raman spectra of the Cu foil partially coated with (e) BN and (f) graphene.

Fig. S3a and S3b are the images of partially protected Cu foil after acid corrosion.
The samples were dipped in HNO; (1.0 M) solution for around 15 minutes.
Significant morphology difference in bCu (Cu foil) and BN/Cu sections can be
observed in Fig. S3a. The bCu section is severely oxidized after the corrosion. Similar
contrast can be observed between the G/Cu and bCu sections in Fig. S3b. We
performed energy dispersive X-ray spectroscopy (EDS) characterization to
quantitatively study the protection effect of BN and G monolayers. For the BN/Cu
section, the O percentage is around 2.37%, almost 14% of the unprotected section
(Fig. S3c). For the G/Cu region, the O percentage is about 3.12%, around 17% of the
bCu region (Fig. S3d). It shows that BN and G effectively prohibit the corrosion of

Cu under acidic solution.



We also performed Raman characterization to determine the oxidized contents.
As shown in Fig. S3e and S3f, for the bare samples, single peaks are present at around
218 cm™ and 300 cm! corresponding to Cu,O* and CuO> contents, respectively.
However, negligible peaks can be observed for the BN/Cu or G/Cu regions. The
strong spectroscopic contrast also supports that the BN and G can effectively protect
Cu under acidic environment. Different from what we observed in the long-term
corrosion spectrum, where the two Cu,0 peaks are much greater than that of the CuO
peaks, the CuO peak has higher intensity than Cu,O in short-term and intensive
corrosion. This indicates that the corrosion content mainly consists of CuO instead of

CUQO.
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Fig. S4 Extrapolation method applied on Tafel plot of the bCu, G/Cu, and BN/Cu samples.

We found that the equilbrium potential (E¢,) shifts to the positive direction by
around 50 mV. This can be explained by the increase of copper concentration. We

introduce the Nernst half-cell equations to explain the equilibrium potential shifts:

L
Eeq = Eeq + ;log (aions) (S 1)

E,, is the equilibrium potential and m is the valence number 2 for Cu?** and 1 for Cu'*.
Aions 18 the activity of Cu ions. According to equation (S.1), the potential of calomel
reference electrode in 0.1 M CI- environment is around 334 mv. All the value of

voltages in this calculation are voltage with reference to standard hydrogen electrode

0
(SHE). For copper oxidation, we take E,, as +284 mv for coated samples, Eeq as +342

mv (Cu?") and valence number as 2. We use the same method to calculate the activity



cupric ions of the uncoated copper. It is found that the activity of protected copper is

50 times as much as that of the uncoated copper.

Table S1 Impedance data of the three samples are fitted to the equivalent circuit

model (Randles-Warburg model).

R (kQ) R y, for CPE n Ca y, for W
(kQ/cm?) (X103 Q- 's"/em?) (WF/cm?) (X105 Q- 's12/cm?)
G/Cu 4.60 175 2.40 0.77 17 5.07
BN/Cu 4.67 279 0.740 0.82 33 5.76
b/Cu 4.54 77.1 7.00 0.80 53 54.0

The impedance data is analyzed using the Randles-Warburg model. The model is
characterized by Rq, Ry, Zcpg, Z,,, and Cyy. Zcpg is given by Zepp=(j®)™ y,!, where j is
the imaginary unit, e is the angular frequency of the voltage and y, for CPE and # is
calculated using Zview software. C,; can be calculated by Cy = yo(®ne)"!, where @,
is the frequency where the imaginary part of the impedance is maximized and y, and »
are parameters characterizing Zcpg. The impedance of Warburg element is estimated
using the formula Z,=(jw)%3 y,!, where j is the imaginary unit, @ is the angular

frequency of the voltage and y, for W is calculated using Zview software.
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Fig. S5 The Cu2p;,, electron spectrum of (a) BN/Cu and (b) G/Cu. The deconvolution methods show
that the Cu(II) content is 1.3% and 4.3% in BN/Cu and G/Cu sample, respectively.

The XPS spectrum on G/Cu has a larger CuO peak than the spectrum of BN/Cu
after deconvolution. The percentage of the Cu(Il) content in G/Cu is 4.3%, three times
as much as that of the BN/Cu sample (1.3%). The Cu2p;/, peaks are located at 932.9

eV and 933.0 eV in Fig. S5a and S5b, respectively.
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