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Table S1. The interaction energy (AEgnn, €V/BN) and interlayer vertical distance (dgn.v, A) of monolayer h-BN on the Cu(111)-Ni and Ni(111)-

Cu surface alloys with four stable adsorption configurations. Adsorption configurations correspond to the illustration in Figure 1a.

Substrate NiopBree NiopBhep BiopNfec BiopNhep

AEBN/M dBN -M AEBN/M dBN-M AEBN/M dBN-M AEBN/M dBN-M
Cu(111) -0.53 2.93 -0.53 2.94 -0.44 3.10 -0.44 3.08
Cu(111)-Ni(25%) -0.56 2.87 -0.56 2.89 -0.46 3.09 -0.46 3.09
Cu(111)-Ni(50%)- -0.58 2.84 -0.58 2.84 -0.48 3.01 -0.48 3.03
°c/5(1 11)-Ni(75%) -0.59 2.79 -0.59 2.79 -0.49 2.98 -0.49 2.98
Cu(111)-Ni(100%)  -0.61%-0.80°  2.71%/2.09*  -0.62%-0.80°  2.70%2.09*  -0.50 2.95 -0.50 2.95
Ni(111) -0.65 2.14 -0.64 2.14 -0.42 3.01 -0.42 3.01
Ni(111)-Cu(25%) -0.59 2.15Ni2.41Cu -0.58 2.15N2.42Ce  L0.43  2.92Cw3.03Ni 042 2.95Cu3,05M
Ni(111)-Cu(50%)- -0.50 2.88C42.90N  -0.50 2.89C291N 042 298307 042  2.98Cw3.07M
%ﬁl 11)-Cu(75%) -0.49 2.92 -0.49 2.92042.93N 042 3.013.08N  -0.41  3.02Cv/3.10M
Ni(111)-Cu(100%) -0.47 2.96 -0.47 2.96 -0.40 3.06 -0.40 3.07

a b There are two stable adsorption configurations for Ni,,Br and Ni,Bne, when monolayer h-BN on the Cu(111)-Ni surface alloy with a
concentration of 100% Ni.



Table S2. The interaction energy (AEgnm, AEg/sn, €V/supercell) and interlayer vertical distances (dgn.m, dg-gn, A) of h-BN/graphene on the Cu-

Ni alloy substrates with four different configurations. Adsorptiom configurations correspond to the illustration in Figure 1b.

1L-Graphene

Substrate Stacking NiopBholiow(G/BN) BiopNholiow( G/BN)
AEpnm dpn-m AEgen  dgeny  AEpwm dpn-m AEgpn  dgan
NopBre  -0.54 2.90 022 327 -0.55 2.90 028 311
h-BN/Cu(111 ?
udth BoNie 039 3.06 021 333 -0.46 3.04 029 312
| NepBre  -0.51 2.85 021 333 -0.58 2.83 028 311
- _ 0 topDPfce
b-BN/Cu(HID-NI25%) g 'Npe <040 3.07 020 332 -048 3.03 028 3.13
h-BN/Cu(111)-Ni(50%)-  NipBree  -0.52 2.80 021 332 -0.59 2.79 028 312
ofp BoNpe  -0.42 3.00 020 332 -0.49 2.98 027 312
| NopBre  -0.54 2.76 021 331 -0.62 2.70 029 3.10
- _ 0 topDPfce
b-BN/Cu(HID-NI75%) - g 'Npe <043 2.97 020 331 -0.49 2.96 027 3.4
| NopBre  -0.82 2.07 047 312 -086 2.07 047 313
- _ 0 topDPfce
h-BN/Cu(111)-Ni(100%) g "G " 45 2.92 021 330 -0.51 2.90 028 313
. NiopBre  -0.80 2.12 036 311 079 2.13 063 312
b-BN/Ni(111) BoNee  -0.46 2.99 031 323 -0.52 3.00 036 3.10

| NepBre  -0.67  2.14M23500 064  3.05 073  2.14N234% 070 3.08
- - 0 topDfcc . ‘
B-BNNIAID-Cu@5%) g 'Npe <045 2.93Cw3.04N  -061 326 -0.52  2.920w3.02N 067  3.11
h-BNANi(111)-Cu(50%)-  NtyBre  -0.56 225N/255C 058  3.13  -0.64 224%251% 065  3.05
ofp BoNie 045  2.9603.05N -058 326  -0.52 295w305N  -065  3.10
| NepBre  -0.53  2.90%202N -0.56 324  -0.50  2.89%291N 071 3.1l
- - 0 topDPfec . .
B-BNNIAID-Cu(75%) g 'Npe  -044  3.0193.00N  -056 327 -051  3.00043.08%  -0.63  3.10
NepBre  -0.52 2.93 031 324 -0.57 2.94 036 3.10

- 1 - 0
-BN/Ni(1TD)-Cu(100%) g " " 42 3.07 029 327 049 3.07 035 311




Table S3. The interaction energy (AEgn.m, AEG.n, AEGi.g2, €V/supercell) and interlayer vertical distance (dgn.v, dg-sns, dgi-g2,A) of the 2L-
Gr/h-BN/Cu(111)-Ni on the Cu-Ni alloy substrates with the Bi,,NpoiowABA configurations. Adsorptiom configurations correspond to the

illustration in Figure 1b.

2L-Graphene

Substrate stacking BiopNhollowABA

NiopBrec AEgNm dpnom AEg.gNn dg-BNn AEGi g2 dgi-a2
h-BN/Cu(111) -0.52 2.91 -0.24 3.12 -0.18 3.26
h-BN/Cu(111)-Ni(25%) -0.54 2.82 -0.29 3.09 -0.19 3.26
h-BN/Cu(111)-Ni(50%)-0/p -0.56 2.78/2.79 2030 3.12 0.19 3.26
h-BN/Cu(111)-Ni(75%) -0.58 2.70/2.71 -0.30 3.10 0.19 3.27
h-BN/Cu(111)-Ni(100%) -0.83 2.08 -0.34 3.12 0.19 3.27
h-BN/Ni(111) -0.88 2.13 -0.48 3.12 -0.28 3.24
h-BN/Ni(111)-Cu(25%) -0.79 2.14Ni/2 34Cu -0.51 3.08 -0.28 3.22
h-BN/Ni(111)-Cu(50%)-o/p 20.69 2.24N/2 51 20.50 3.05 2028 3.23
h-BN/Ni(111)-Cu(75%) -0.64 2.89Cu/2 91N -0.46 3.11 -0.28 3.24

h-BN/Ni(111)-Cu(100%) -0.63 2.93 -0.46 3.10 -0.28 3.24




Table S4. The total energy (Eiy., €V), interaction energy (AE, eV/supercell) and

interlayer vertical distance (dgng, A) of free Gr/h-BN heterostructures with different

stacking.
Systems Stacking BiopNholiow NiopBhotiow ~ BiopNiop
dine 3.15 3.31 3.38
1L-G/h-BN AEgnG -0.26 -0.22 -0.20
Eotal -36.80 -36.74 -36.72
AA dpng 3.13 3.29 3.37
dgica 3.50 3.51 3.53
AEgpnG -0.64 -0.20 -0.18
AEgi6 -0.36 -0.12 -0.10
2L-G/h-BN Eotal -55.65 -55.59 -55.57
AB dene 3.12 3.31 3.38
dgigo 3.27 3.27 3.24
AEgpnG -0.32 -0.26 -0.24
AEGica -0.24 -0.16 -0.16
Ettal -55.71 -55.64 -55.63
ABA dine 3.12 3.31 3.37
dgigo 3.25 3.27 3.26
daags 3.30 3.27 3.26
AEgpnG -0.32 -0.26 -0.24
AEGica -0.28 -0.22 -0.20
3L-G/h-BN AEcas -0.22 -0.16 -0.16
Eotal -74.61 -74.55 -74.54
ABC dpng 3.12 3.31 3.42
dgica 3.25 3.27 3.26
daaas 3.27 3.28 3.28
AEgpnG -0.32 -0.26 -0.24
AEGica -0.28 -0.22 -0.20
AEcaas -0.24 -0.16 -0.14

Eiotal -74.62 -74.55 -74.53




) 1 T 1
0.6- § ——BPz
: ——NPZz -
0.4 y
w
O
o d
0.2
Jo ¥ S LA . I—— A
-5 0 5 10

Energy (eV)

Figure S1. Partial density of states of B and N atoms for free monolayer h-BN.
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Figure S2. Binding energy of h-BN adsorbed on Cu(111)-Ni(100%) in different
adsorption geometries versus distance between h-BN and Cu(111)-Ni(100%) surface.
Total binding energies are displayed as a blue line, DFT and vdW contributions to the

binding energy as black and red lines, respectively.
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Figure S3. Charge density difference plots of the h-BN on Cu(111)-Ni(25%, 100%),
Ni(111)-Cu(25%, 100%) with different geometries. Here, the charge density
difference refers to the variance between the total charge density of the h-
BN/Cu(111)-Ni/Ni(111)-Cu and the sum of the charge density of the separated Cu
and Ni layer and monolayer h-BN layer, which are kept the same geometric structures
as those in the h-BN/ Cu(111)-Ni/Ni(111)-Cu. The red and green color regions mark
the depletion and accumulation of electronic charges, respectively. The brown, blue,

purple and orange represent B, N, Ni and Cu atoms, respectively.
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Figure S4. Charge density difference plots of monolayer graphene on h-BN/Cu-
100%Ni1 alloy substrate with two different geometries. Here, the charge density
difference refers to the variance between the total charge density of the graphene/h-
BN/Cu-Ni alloy and the sum of the charge density of the separated graphene/h-BN
and Cu-Ni alloy substrate. The red and green color regions mark the depletion and
accumulation of electronic charges, respectively. The black, brown, blue, purple and

orange represent C, B, N, Ni and Cu atoms, respectively.



