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Table S1. Parameters for Cu(111) substrates. “ch” and “r” in B,Ny,.ch and BN, (m=n-1, n, n+1) stand
for chain and ring, respectively. A B,N,, represents an sp?-network cluster.

Substrate a(A) b (A) Y Energy (eV) | K points Clusters on the substrate
1 7.668 7.668 2m/3 -115.565 7*7*1 B4, Ni, BiN1ch
B1N2.ch, BaN1.ch, BaNa.ch, BiNa.,
2 10.224 10.224 | 21/3 -204.984 7*7*1
B2N2-rs B2N3-r! B3N3-r!
BnNn-n BnNn-ch (n=3! 45 55 65 7)5
B2Ns.ch, B(n-1)Nn, Bn-1Nnr (=4, 5,
3 12.780 12.780 | 21/3 -321.019 5*5*1
6, 7), B3N2-ch, BnN(n-1)-r, BnNn-1
(n=45 55 6)’ B7NG
BNa.ch, B3Na.ch, BaN3.ch, BeN7,
B:N», BiNy.r, (=7, 8),
4 15.336 15.336 | 2m/3 -460.712 5*5*1
B(n-1)Nn, B(n-1)Nnr, (n=8, 9),
BnN(n-1), BaN(n.1)r, (n=8, 9).
BeN7-ch, B7Ng-chs, B7N7.ch, B7Ng-ch,
5 10.224 | 25560 | 2m/3 | -512.306 | 7*5*1 O ey BTTGrehy ST vey TTEh
B8N7-ch
6 10.224 28.116 | 2m/3 -563.984 7*5*1 BsNs.ch
B4Ns.ch, BsN4.ch, BeN7.ch,
7 17.892 17.892 | 2m/3 -628.424 5*5*1
B7N6.ch, B7N7.ch,
8 17.708 17.892 /2 -717.339 3*3*1 B12N42, B1gN16, B1oN1s
BsNs.ch, BsNg.ch, BeNs.ch, BeNe-ch,
9 20.448 20.448 | 2m/3 -818.053 1*1*1
B7Ng.ch, BsN7.ch, B23N24, B2sNo3
10 20.448 17.708 /2 -819.640 1*3*1 B,oN2o
11 23.004 23.004 | 2m/3 -1036.134 1*1*1 B2gN3g, B3gN2g, B3oN3o
12 23.004 22.135 /2 -1151.770 1*1*1 B21N21, B27Nyy
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clusters on a Cu (111) surface.
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(31) B1N1_ch 1, 3.079 eV; (az) B1N1_ch 2, 3.117 eV; (b1) BZNZ—ch 1, 4.519 eV; (bg) BgNg_ch 2, 4.562 eV; (b3)
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Fig. S1 Structures and formation energies of small B

BuNo-ch 3, 4.735 eV; (bs) BoNo, 1, 5.999 eV; (1) BsNagh 1, 6.157 €V; (Ca) BaNa.oh 2, 6.285 €V; (Cs) B3N

ch 3, 6.286 eV, (C4) B3N3_r 15 7.327 eV, (C5) B3N3_,— 2, 7.329 eV, (CG) BgN3_r 3 7349_eV, (C7) B3N3_r 4, 7.936

eV; (Cs) BsNa.oh 4, 9.086 €V: (Co) B3Na.r 5, 9.715 €V; (d1) BsNagh 1, 7.396 €V; (d2) BsNaoh 2, 7.468 €V

(d3) B4Nach 3, 7.699 eV, (d4) B4N4 ; 1, 8.978 eV, (d5) B4N4 ; 2, 8.979 eV, (de) B4Ny 1, 9_002 evV; (d7)

BNy 2, 9.443 eV; (dg) BaNych 4, 10.714 €V; (dg) B4Ny , 5, 11.510 eV. “ch” and “r" in B,Ny.n and BNy

stand for chain and ring, respectively. The same-sized clusters are arranged in ascending order of the
values of their formation energies. The B and N atoms are in red and blue, respectively. The Cu atoms

are shown from celeste to aqua according to their depth from the top surface.
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Fig. S2 Structures and formation energies of medium-sized BnNn (5 <n<7)clusters on a Cu (111)

eV; (as) BsNsy 1, 10.246 eV: (ag) BsNsy 2, 10.246 €V; (a7) BsNs 2, 10.254 eV; (ag) BsNs 5, 10.295 eV;

surface. (31) B5N5.ch 1y 8.960 eV; (az) B5N5.ch 2, 9.040 eV, (33) BSNS-ch 3, 9.837 eV, (84) B5N5 1y 10.224

(b1) BGNG—ch 15 10.451 eV; (bz) BGNG—ch 2_, 10.542 eV; (b3) BGNG 1y 10.555 eV ) (b4) BGNG 2, 10.674 eV;

(b5) BGNG 3, 11.008 eV, (be) BSNS—ch 3,_1 1.443 eV, (b7) BGNG 4y 11.447 eV, (bs) BsNe 5, 11.537 eV, (bg)

BBNG-F 1y 11.749 eV, (b10) BGNG 6,_11.916 eV, (C1) B7N7 1,10884 eV, (C2) B7N7 2,11320 eV, (C3)

B7N7 3,11320 eV X (C4) B7N7 ;,11321 eV, (Cs) B7N7 5,11344 eV, (Cs) B7N7 6,11463 eV, (C7)

B-N- 7,1 1.463 eV, (Cg) B;N- 3,1_1 .658 eV; (Cg) B-N- 9,1 1.704 eV; (C10) B-N- 10,1 1.713 eV; (C11) B-N-.

B.N,.r stand for chain and ring_, respectively. The same-sized clusters are arranged in ascending

order of the values of their formation energies.

B/N; 15,12.891 €V; (Czo) B/Ny. 1, 13.270 eV; (C1) BsN7ch 5,13.394 eV. “ch” and “r’ in ByNpn and

B7N7-ch 4,12280 eV, (C16) B7_N7 12,12.315 eV, (C17) B7N7 13,12.413 eV, (C18) B7N7 14,12.448 eV, (C19)

ch 1,12077 eV, (C12) B7N7.ch_2,12.078 eV, (C13) B7N7.ch 3,12163 eV ; (C14) B7N7 11,12.175 eV, (C15)

S3



BSOS EEESEEENEEEEE0E080666:
I ETA TR LA T T BT T T T T T e
S 5 0 v ) ) S ) ) ) SR IIN I T TN
A NS & a e USEUSIE NS S S e T
CE XY TICAREAT T TR TS S T AR S
AT SET) IO S Se) U
N A B ININNIIAT NN GBI T RIS
5 5 ) 8 S S SIS TN AT T INAN NI NN
NS TSI ST I I I NI NI NI NI I I
I IIIIT A G /SIS
NSNS N ISR NN QI T I IAT IR I e

S8 08888 LESSEEE NN .. . . 0808
YT T T T T T T I T T T IO
8 oy o SININIINININIANINAINININNII N
5,56 B LS008 00080888888 0888 880808
: A A A A A A A A A A A A A A A
N g SIINIIIIINIAIININNNNI NS =
JUUUU U U e ) Tesepepeseneser ) )\ Y
INIIININNN GBI NI TCTERORSRORIR T\
NSNS NG m&mﬁ»oﬁ»0>1»1»0>0>0>0»1>1r1»
88888888, CITNININNINNI NN
) ST STS I T WNI NI NN
NINIINIANIT NI S s ITTINTI, "o
o S ) 5 ) ) W SIS TN T T OROASRERERER T o o o
NAI TSI ST STSIIIAITIITIAIINANN
(KXY ) s I FFTF T T T T T T T T T T TFFTTTO
i o S ) ) S SINI I INININIINIININIT
N R ) IS ST N e o)) gaadeiehetobote )\, g\
SEE88 888, ,lE08888888686686
NANINIANINITENAINNITNINININIANIN
CININITNINNNINNIT NN NNI NN
o ) ) S ) ST ST SININI I NI INININII I

NSNS ST I I (Zesetetetotonon )\
WA INI NI I NI RN NII

- WISE
g 575 5 5 S SIS I
NABINT NN B ININ I IIINININIIAINI TN
%, 5 & BLISSL 2 IS EHESE00608868.8
I RIS IJFINI I onpebeioreteton )| =)\
58 S SISIITNIININNNINININIT NI
FITITTITTITTITFIFFIIFIFFRIFIFFTC

eV, (az) BgNg 2, 11.589 eV, (33) BSNS 3 11.603 eV, (34) BgNg 4, 11.605 eV, (a5) BgNg_s, 11.982 eV, (aa)

BgNg 65 12.024 eV; (87) BgNg 7y 12.050 eV; (ag) BgNg 8 12.884 eV; (ag) BaNg 9, 12.928 eV; (810) BgNs_ch 1,

“r’ in BaNn.ch and BN, stand for chain and ring, respectively. The same-sized clusters are arranged in

13.955 eV, (311) BsNsg.ch 2, 13.984 eV, (312) BgNg.Ch_3, 13.987 eV, (313) BsNsg.ch 4, 14.007 eV, (314) BgNs.
ch 5, 14.051 eV; (a45) BgNg.; 1, 14.132 eV; (a15) BEN8-ch_6, 14.291 eV; (a7) BgNsg 1o, 14.319 eV. “ch” and
ascending order of the values of their formation energies.

Fig. S3 Structures and formation energies of BgNg clusters on a Cu (111) surface. (a4) BgNg 1, 11.583
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Fig. S4 Structures and formation energies of small B,.1N, (1 =<7 <5) clusters on a Cu (111) surface.

(81) N1 1, 0.924 eV, (az) N1 2, 1.027 eV, (b1) B1N2-ch 1y 1.963 eV, (bz) B1N2-ch 2, 2.083 eV ) (b3) B1N2_ch 3,

2.423 eV; (b4) B1No. 1, 4521-1 evV; (C1) B5Na.eh 1, 3.066 eV, (C2) BoNsch 2, 3.143 eV, (C3) B5Ns.¢ 3, 3.250

eV, (C4) Bst_r 1y 5856 eV, (d1) B3N4.ch 1y 4192 eV ; (dz) BgN4-ch 2, 4192 eV, (dg) B3N4.ch 3, 4.856 eV,

(d4) BgN4 1, 6:;)04 eV, (d5) BSN4-Ch 4, 7.620 eV, (de) B3N4_r 1, 7.901 eV, (d7) B3N4 2, 7.907 eV, (e1) B4N5_

ch 1s 587é eV; (82) B4N5_ch 5, 5.978 eV; (63) B4N5_ch 3, 6.075eV; (64) B4N5 1,9.119eV; (65) B4N5_r 1, 9.786

eV. “ch” and “r’ in Bn_1Nn_c_h and B,.1N,. stand for chain and ring, respectively. The same-sized clusters

are arranged in ascending order of the values of their formation energies.
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11.081 eV; (aso) BsNs 6, 11.751 eV; (b1) BeNy 1, 8.456 eV; (b,) BeN; 5, 8.477 eV; (bs) BeN; 3, 8.491 eV;

eV; (b13) BeN7.ch 5, 10.217 €V; (b14) BsN7 1, 12.714 eV. “ch” and “r" in B,.4Nq.cn and B,.1N, stand for

(35) B5N5 2, 8.121 eV, (as) B5N6 3, 8.141 eV, (a7) B5N6 45 8.746 eV, (ag) B5N6 5, 10.042 eV, (ag) BSNG—r 1y

(b4) BgN7 4y 8.494 eV, (b5) BGN7 5, 8.872 eV, (ba) BGN7-ch 1y 8.910 eV; (b7) BSN7-ch_2y 8.911 eV, (bg) BSN7_

ch 3» 8.913eV; (bg) BGN7 65 9.006 eV; (b10) BBN7 7, 9.008 eV; (b11) BeN7 8 9.009 eV; (b12) BGN7-ch 4, 9.664

6,7) clusters on a Cu (111)

surface. (31) BSNS-ch 1y 7.328 eV; (az) BSNG-ch 2, 7.486 eV; (33) B5N6 1y 7.902 eV; (34) BSNS-ch 3, 8.017 eV,

chain and ring, respectively. The same-sized clusters are arranged in ascending order of the values of

their formation energies.

Fig. S5 Structures and formation energies of medium-sized B,.1N, ("
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)
)

BgNg 1y 9.589 eV, (bz) BgNg 2, 9.609 eV, (b3) BgNg 3, 9.905 eV, (b4) BgNg 4y 9.908 eV, (b5) BgNg 5, 9.908

1

eV; (bg) BsNg ¢, 9.963 eV; (by) BgNg 7, 9.975 eV; (bg) BsNg s, 10.072 eV; (bg) BgNg o, 10.837 eV; (bso)

eV, (35) B7N8-ch 45 10.641 eV, (ae) B7N3 2, 11.166 eV, (37) B7N8-ch 5, 11.425 eV, (ag) B7N8_3, 12.338 eV,

(ag) B;Ng 4, 12.457 eV; (810) B;Ng 5, 13.098 eV; (a11) B;Ng 6, 13.238 eV; (312) B7N3_,~_1, 16.331 eV; (b

8,9) clusters on a Cu (111
BsNg 10, 11.274 eV; (b14) BgNg. 1, 15.546 eV. “ch” and “r” in B,.1Nn.cn and Bp.1N,.r stand for chain and

surface. (31) B7N8 1y 9.237 eV, (32) B7N8-ch 1y 10.462 eV, (ag) B7N8-ch 2, 10.511 eV, (a4) B7N8-Ch 3, 10.511

7

S

ring, respectively. The same-sized clusters are arranged in ascending order of the values of their

formation energies.

Fig. S6 Structures and formation energies of medium-sized B, 1N, ("
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sn< 5) clusters on a Cu (1 11) surface.

(a1) B1 15 5.249 eV, (az) B1 2, 5.255 eV, (b1) BZN1-ch 15 6.208 eV, (bz) BgN1_ch 2, 6.215 eV, (b3) BQN1_Ch 3,

n-1 (1

N

Fig. S7 Structures and formation energies of small B,

6.352 eV; (C1) B3N2_Ch 4, 7.508 eV; (Cz) BgNg_ch 5, 71.612 eV; (03) B3N2_Ch 3, 76_29 eV; (C4) B3N2_ch 4y 78§0

eV, (d1) B4N3-ch 1y 9.048 eV, (dz) B4N3.ch 2, 9.052 eV, (d3) B4N3_ch 3, 9664 eV, (d4) B4N3_r 1y 10_218 eV,

(d5) B4N3 1, 10.300 eV, (de) B4N3 2, 10.667 eV, (d7) B4N3-ch 4, 11@99 eV, (e1) BSN4-ch 1, 16671 eV, (ez)

BsNan 2, 10.720 €V; (€5) BsNach 3, 10.877 €V; (e4) BsNy 1, 11.874 eV; (es) BsNay 4, 12.150 eV. “ch” and

“r”in BaN(n-1)ch and BnNn.1).r stand for chain and ring, respectively. The same-sized clusters are arranged

in ascending order of the values of their formation energies.
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6,7) clusters on a Cu (111

BGNS-ch 1y 12.089 eV; (82) BSNS-ch 2, 12.103 eV; (33) BSN5 1y 12.548 eV; (84

B/Ng 4, 13.681 eV; (bg) B7Ng 5, 13.682 eV; (bg) B7/Ngcn 4, 13.870 eV; (b1o

B7N6-ch_1, 13.643 evV; (b4) B/Ne.ch 2, 13.645 eV, (b5) B/Ne.ch 3, 13.647 eV, (be

BsNs., 1, 13.686 eV; (a10) BsNs 6, 14.826 eV; (b1) B;Ng 1, 13.624 eV ; (b,

and “r’ in BnN(n-1)-ch and BnNn.1)r stand for chain and ring, respectively. The same

sized clusters are arranged in ascending order of the values of their formation energies.

B7N6_7, 14183 eV, (b12) B7N6 8 14.248 eV, (b13) B7N6-ch 5, 14.564 eV, (b14) B

BsN; 3, 12.569 eV; (as) B6N5-ch 3, 12.580 eV, (37) BGN5 4, 13.061 eV; (ag

—~ ~ TR

R g R i =
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&y oy oy
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SToNw©o®o®
£ 0 - OO

Fig. S8 Structures and formation energies of medium-sized BN, ¢ ("
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8,9) clusters on a Cu (111)

surface. (a1) BgN7 1y 12.992 eV; (az) BgN7_ch 1y 15.256 eV, (a3) BgN7_ch 2, 15.262 eV, (a4) BgN7_Ch 3 15.264

Fig. 89 Structures and formation energies of medium-sized B,N,.¢ ("

eV, (35) BgN7 2, 15.449 eV, (ae) BgN7_ch 4, 15.466 eV, (37) BgN7 3, 15_791 eV, (ag) BgN7_ch 5, 16203 eV,

(ag) BsN7 4, 16.460 evV; (810) BgN- s, 16.698 eV; (a11) BN 6, 1_6891 eV, (312) BsN+.; 1, 18.535 eV; (b1)

BgNg 1y 14.138 eV; (bz) BgNg 2, 14.180 eV; (bs) BgNg 3 14_276 eV, (b4) BgNg 4, 144{1 eV, (b5) BgNg 5,

14.413 eV; (bs) BoNsg 6, 14.512 eV; (b7) BgNg 7, 15.392 eV; (bg) BgNs s, 15.453 eV; (bg) BgNs o, 15.897

eV; (b1o) BgNs.r 1, 17.465 eV. “ch” and “r" in BnN(n-1).ch and BaNn.1)r Stand for chain and ring, respectively.

The same-sized clusters are arranged in ascending order of the values of their formation energies.
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eV; (b2) BZN4-ch 2, 6.245 eV; (b3) B2N4-ch 3, 6.326 eV; (b4) BzN4_r, 5.740 eV; (C1) B3N5_ch 15 5055 eV; (C2)

3,4,5)0na Cu (111)
BgN5-ch 2, 5.269 eV, (C3) B3N5.ch 3, 6.688 eV, (C4) B3N5_Ch 4y 6.787 eV, (C5) B3N5-ch 5, 6.800 eV; (Ca) B3N5.

n 9.196 eV. Obviously, as (m-n) increases, more N-N bonds appear in chains and rings of B,N,,. The

more the number of the N-N bonds, the more unstable the h-BN clusters containing them.

surface. (31) B1N3-ch 1y 2.850 eV; (az) B1N3_Ch 2, 4.061 eV, (33) B1N3_,—, 4.838 eV, (b1) BZN4-Ch 1y

Fig. S11 Structures and formation energies of some chains and rings of B,.oN,, (n
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Fig. $S12 Structures and formation energies of some chains and rings of BN (n

BsNah 1, 12.203 eV:

eV, (bz) B4N2-ch 2, 12.222 eV, (b3) B4N2-ch 3, 12.186 eV, (b4) B4N2.,—, 12.422 eV, (C1

surface. (31) B3N1_ch_1, 9.754 eV, (32) BsNy.ch 2, 10.278 eV; (83) BsN4., 10.502 eV

BsNah 5, 12.382 eV:

—~

(C2) BSNS-ch 2, 12.276 eV, (C3) BSNS-Ch 3 1_3261 eV, (C4) BSN3-ch 4, 12.114 eV, (05

(cs) BsN3., 14.016 eV. Obviously, as (n-m) increases, more B-B bonds appear in chains and rings of
B.Nn. The more the number of the B-B bonds, the more unstable the h-BN clusters containing them.
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Fig. S13 Formation energies of chains and most-stable sp? networks of B,.4N,, BNn, BnNn.1, Bn2N;, and
BnN,2 on a Cu(111) surface versus the number of atoms in h-BN clusters with chemical potential

differences Ap= (a) -0.91, and (b) 1.0. Blue triangles present that considering B,N,, chains with more
N-N or B-B bonds is not helpful to understand growth of h-BN clusters on a Cu(111) surface.
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Fig. S14 Formation energies of lowest-energy sp? networks of B,N,, (m=n-1, n, n+1) on a Cu (111)
surface versus the number of atoms in h-BN clusters. Fitting curves are obtained by Eq. (5). The values
of fitting parameters are presented in Table 1. The fitting curves for sp?-networks clusters in Fig. 3, 6
and 9 are the same as the corresponding one in this figure, respectively.
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