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Fig. 1. (a)—(f) The six optimized structures of H-Gra@BN in top view (left) and side view (right). The

rhombus lines show one supercell.
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BRI LAT A JG, 43 2R 0 LA &5 44
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Faq = (Etotal — E-Gra — Emono-BN) /N, FH1 Eyopal
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), 8RN TR 1. Hrb iy AB-B BRI TE R
e AR, HONFasE, H-Gra@BN 14 & 19 )5 bt i
AN (h 3 SUN TR E I H-Gra@BN & R iy 2 5T
H 5 &K )Z R 1 N A5, B a8 T8 i
RES . TR RBE B R, RV Z AR — &
&S e, AT BN AR E I e B4 f. (5 At
PR TE AR AR T 2 AB-B 22 AR/ (AN I
12 meV /atom) H I AZMNE, StsH 2 (o). T
BRI K (de u,ds N, dc ) PA K 55 2 6]
IR (A) S HEEEAME, YRR SER S
JE R 307 ORI KRR R, H-Gra 582
BN Z I8 /E FH ROz JEAE FLE I a5 56 . N T
Jr{E, AR LA AB-B N HIEAT I,

#1 2 BN, H-Gra UL ENFIE ) H-Gra@BN (LS5 (6 A) (o a,de—n, dp—~,do—c, hy A 55
ARZR R R B i B SR IO B I VB A BRI B S CH R )2 5 N BT )2 IRV 2 18] BE DAR PR i )2
Z IR B (B meV) AR R T -FETE RE; NM, FM, AFM 70 55REE B et Al 3 BRI s 8k
BAZASHIAXT BB (BA07: meV); B 182 BN Ak B e AL A, B ke B0 P S ¥ BRI )

Table 1. Structural parameters calculated for monolayer BN, H-Gra and six configurations of H-Gra@BN (in
A): a (lattice constant) ,dc_py (C—H bond length) ,dg_ N (B—N bond length) ,dc__c (C—C bond length) ,h
(distance between of H and N atomic layer), and A (buckling distance of carbon atomic layer); Ff (meV) indicates
the average forming energy of each atom in system; NM, FM, and AFM represent nonmagnetic, ferromagnetic and

antiferromagnetic state of relative energy (unit: meV) respectively. All of the most stable equilibrium state are

ferromagnetic states except for monolayer BN is nonmagnetic state.

a doc—g dp—~N dc_c h A E¢/meV-atom™ NM FM AFM
Monolayer BN 2.512 — 1.450 — — — — — — —
H-Graphene 2.536  1.153 — 1.501 — 0.330 — 872 0 98
AA-B 2,522  1.155 1.456 1.494  4.522  0.333 —28 842 0 94
AA-N 2,523  1.154 1.457 1.495  4.358  0.336 —37 297 0 47
AB-B 2,524  1.154 1.457 1.495  4.292  0.336 —40 192 0 33
AB-B-H 2.522  1.155 1.456 1.494 4380  0.335 —-35 684 0 82
AB-N 2.522  1.155 1.456 1.494  4.494  0.333 —28 847 0 98
AB-N-H 2,522 1.154 1.456 1.494  4.399  0.335 —34 623 0 78

3.2 H-Gra@BN BV FLEMFNRE T R
N T 5 H-Gra@BN 1k £ [ [ We B 7 1 R,

#t— 008 H-Gra@BN 4 & BUREVE T, K IR R
RS C T IIMFE RZIN T up, THE T8k
fE (FM) 8k (AFM) PL & AERE M (NM)

AV TR R A E S5 A I IR B REAR A IR e Y PR RSB AS R, RIVBRBETE R & B 2 AR
LIRSS, S5 R 2 R, KIZM BN SER) (IR L), B34 T B etk ik f fir %

T (Al B e A, BE AT N AEXTRR ) B e ) T
] BRI ETE, b B BB S R EAL T
BTG T T 5 K 2 1A, ¥ 2808 (a4
WBR B S5, HORE R T B AR oK Re g 2 R, A
BRAE N 1.798 eV, HJiEln A BRAE N 3.097 eV.

oA, B s R W R AL C(Co) SR 774
W 1) B e Rk AL, T AR 55 1K) B etk A L
T, XL RS SR (6] oA R A B A AT SR
25 R —5, P S BN A IR IEA 2 B R Ak
A SR A S R IR
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Fig. 2. Calculated band structures and total density of states (TDOS) for the AB-B config-
uration of H-Gra@BN, the Fermi energy is set at 0 eV.
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Fig. 4. PDOS of atoms in H-Gra@BN. The Fermi energy is

T—T TLE’Jﬁﬂ‘ﬁE ﬁE’J set at 0 eV.
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—40 meV /atom AZ 4N —7.42 meV /atom, ¥ % AE
TRRE AR, DR AT 5 it 87 A7 R R A &R
REfg fa e A7 e, B 5 45 T Byt in ik 2 o H-

Gra@BN & R &% L, B 5 (a)—(d) 750K 2
J7 1A NS N 0%, —5.82% (Ah = —0.25 A), —1.48%
(Ah = —0.45 A) 1 11.65% (Ah = —0.5 A)If
BER RN BSEE, R B e sEr oI
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HL P 5 £E e 0 B TR A 2 3 AR e A Ry 2
&g, wIGHELNIEE SR FoExR T AR
HE B 4 RS E T ReAT 40, 7T LLVRE HEEE E
F) B 55 (/0,2 a4k 22 40 BAE B9 3G i, 24 5
KT —10.48% (Ah = —0.45 A) I, F A jigiEiE
) VBM Vpy A FF£ 30, M CBM o, W & 5 #4
ML ERANT S K20 Toy &, 3 H 55

Fermi Rg 2, AR I B il iE i) VBM t %7 id Fermi
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Fig. 5. TDOS of H-Gra@BN in different strain values, i.e., 0%, —5.82% (Ah = —0.25 A), —10.48% (Ah = —0.45 A)
and —1.65% (Ah = —0.5 A). The Fermi energy is set at 0 eV.
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Fig. 6. Computed band structures of H-Gra@BN under compressive strain along z direction.
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Abstract

The structural stability, electronic and magnetic properties of semihydrogenated graphene and monolayer boron
nitride (H-Gra@BN) composite system are studied by the first principles calculation. First, for the six possible stacked
configurations of H-Gra@BN in three kinds of magnetic coupling manners, including the nonmagnetic, ferromagnetic
and antiferromagnetic, the geometry optimization structures are calculated. The formation energies (E¢) are —28,
—37, —40, —35, —28, and —34 meV/atom for AA-B, AA-N, AB-B, AB-B-H, AB-N and AB-N-H configurations of
H-Gra@BN, respectively. The details of the six H-Gra@BN configurations are presented. The results show that the
AB-B configuration of H-Gra@BN system is most stable with the largest formation energy in the six configurations. Its
thickness is the smallest in all six configurations. The formation energies of all configurations are very close to each
other and show that the combination of the interlayer between layers is very weak, The interaction between H-Gra and
monolayer BN is van der Waals binding. Second, the band structure, total density of states (TDOS), partial density of
states and polarization charge density of the most stable H-Gra@BN system are systematically analyzed. This material
is ferromagnetic semiconductor. The band gaps for majority and minority spin electrons are 3.097 eV and 1.798 eV,
respectively. Each physical cell has an about 1 g magnetic moment, which is mainly derived from the contribution of
the unhydrogenated Cz atom. Furthermore, while the pressure is applied along the z direction, we analyze the TDOS
and band structure of H-Gra@BN system, and find that when the z axis strain is more than —10.48% (Ah = —0.45 A),
the valence band maximum of minority spin moves down. The conduction band minimum of minority spin moves from
the high symmetry I" position into a position between I" and K. The electronic properties of the most stable H-Gra@BN
system change from magnetic semiconductor into half metal. When the strain is increased by more than —11.65%
(Ah = —0.5 A), the most stable H-Gra@BN changes into a nonmagnetic metal. To analyze the effect caused by different
strains, we analyze the difference in three-dimensional charge density, and find that with the decrease of the layer spacing,
the interlayer interaction gradually increases and shows the obvious covalent bond characteristics. This paper predicts a
new type of two-dimensional material of which the electronic and magnetic properties can be easily tuned by pressure,

and it is expected to be used in nano-devices and serve as an intelligent building material.

Keywords: semi-hydrogenated graphene and monolayer BN, tuning electronic and magnetic properties,

heterostructure, first principles
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