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Fig. 1. (a) Top and side views of BeB, monolayer. Red frame represents the primary cell structure of BeB,, and h represents the

thickness of BeB, monolayer. (b) Phonon spectra, (c) electronic band structures, (d) partial density of states of BeB, monolayer.
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Fig. 2. All the possible adsorption sites of BeB, monolayer.
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Table 1.  Adsorption energy at different sites and
the charge transfers of Mg?* on BeB, monolayer.

Adsorption site E.q/eV AQ/e
Be, 2,67 0.29
Be, 2.4 0.20
B, 216 0.18

3.3 Mg 7t BeB, Ry #iE6E

BE R A ARk 40 A7 205 v ) 85 - 1S B A AR IE
P b L A0 R Y PR R, ORAE AR B T
WA DA B Sk, IR, 415 Mg2t7E BeB, MY
MR REVE TIR AT, 3T Mt 7E 4k BeB, I
R 5 PRI A s 057 B2 BeBy AR M BRIE, P88 T =4
FIRERE AR, QNE 4 7R, B8 AR T Mg FE sl 4B Y
Wi~ Be i+ 77 (Be, i) ¥k, EIVE Be-Be, J7
1YL, AR Y B 2N 0.31 eV; A2 1T Mgt
FEIGE AR A Be IR T F 77 (Bey ) 78, BT
Bey-Be, 77 [ 378, AR AP B 420 0.097 eV;
PEARI: Mg*> Wi % Bey-By-Be, J7 nl 4, H gk
FIYBLH 220 0.04 eV. 25 TR 42 T R fefEfY)
PEUAL. e XTE, Mgt E BeB, 2 1 A S A"
#4208 K F Be,B 1 a-beryllene i 5 1 45
YA e,
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Fig. 3. Top (a) and side (b) views of charge density difference for Mg?* absorbed at Be; site; partial density of states of BeB, mono-
layer (c) and BeB, with Mg?* adsorbed at Be, site (d).
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Fig. 4. (a), (c), (e) Top views of Mg?* diffusion paths on BeB, surface, corresponding to path I, II, and [, respectively; (b), (d),

(e) diffusion barriers of path I, II, and Ill. Insets are side views of Mg?* diffusion pathways.
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Fig. 5. Top and side views of different configurations after full optimization: (a) MgBeB,; (b) MgyBeB,; (¢) MgzBeB,.
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Fig. 6. (a) Variation of average adsorption energy with the concentration of adsorbed Mg; (b) formation energy of Mg,BeB,; (c) side

views of electron function localization for MgBeB,, Mg,BeB, and Mg;BeB,, respectively; (d) OCV of BeB, monolayer with different

Mg concentration; (e) total energy variation of MgzBeB, during ab initio molecular dynamics at 300 K. Inset exhibits the top and

side snapshots at the end of 10 ps.

7

(a) AA, (b) ABFI (c) ACHER{IRUZ BeB, I HLIE B
Fig. 7. Top and side views of bilayer BeB, with stacking of (a) AA, (b) AB, and (c) AC.
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Fig. 8. (a) The variation of interlayer binding energy of bilayer BeB, in AB stacking mode with interlayer spacing; (b) all possible

adsorption sites of bilayer BeB, in A B stacking mode.
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F 2 JURMEEE T RGBT RHS BeB, BYPEREXT L (AR SEHEUE)

Table 2.  Comparison of several two-dimensional materials with BeB,y as MIBs anode (*experimental results).

FHAR R R W RHRE eV PHEH A JeV AR/ (mAhgt) SETF L/ V R /%
BeB, -2.67 0.04 5250 0.33 2
By boropheneltl ~0.696 0.97 2480 — —
%3 borophenel®! -0.199 — 2400 — —
Be,BY 0.7 0.1 7436 0.29 0.3
o-beryllenel'®! -0.24 0.099 5956 0.24 -0.18
Si,BN1) ~1.22 0.08 648 0.67 —
BSi2 -2.34 0.86 2749 0.84 —
Arsenenel?!] 2.48 0.21 1429 0.83 <16
B-MoS,* -0.024 0.6 921 0.154 2.67
By — 0.20 744 5.5 —
*TiP,0,24 — 0.62 72%* 2.4* 3.2%
*GegrBiyy ) — — 847.5% 0.32—0.35* —
Gel?l — 0.7 1476 0.241 -178
*Mg,Gay 27 — — 290* 0.01—0.7* —
*Nano-Bil?8! — — 350* 0—0.25* —
AR — — 22% 0.15* —
*RGO/Bik) — — 372% 0.25* —

HRAERUZ BeB, A2 E Wb s, B3t T 9
W) 5 258 BT T AR 19 HIEA 22, 7EXL
JZ BeB, B L2, T HAFAE— ke sS407 (Bey),
H#%JE Be-Be, (42 1) — 4642, 5 B B
220 0.84 eV. TMIEMZ BeB, FHHZFITFZ, BR 117
TERRE 1AL (By, Bs) Ab, B HIFAE—MIREEE
JVT (Bey, Bey), BRI T 4 2501k 42, Rl B,-B,
(#421), By-Bey-By(# 42 1), Bs-Bs(Bg42IV) #il
Bs-Bey-Bs(#42 V), Hy HlF &4 40 0.43, 0.33,
0.135 1 0.134 eV. & 9 AT LA H, Mg WAL TE
W2 BeB, W )2 &AYHE, (A9 B2 i
T Mg 7E8 )21 BeB, M9 42,

3.6 HDHMERE

AL RGHBIGE T BeB, B2 MIVE MR T
LT BHAR T T, DR LS LRI B BRI R A T
XFEE, A 2 g, £ 5 AT JLRIAT R RE, BeB,
AT DIRE R Mg, HHY i 42 (0.04—0.31 eV)
TR g 28 B AL A B, X TR BeB, HA
P FERLELER; BeB, WFHEZ R (5250 mA-h-g 1)
TR RER AR, Bl —4E A B a-beryllene
(5696 mA-h-g!), HMX F Be,B (7436 mA-h-g);
BeB, B FHIFF R (0.33 V) 5 4i#HEl a-bery-

llene (0.24 V) il Be,B (0.29 V) #H24, {H{k T
LA AL, BT LS i R B AR S G, SR
TR ERE; T340, BeBy REUEIKR (2%) (T
T HEBRL a-beryllene (—0.18%), fIRAARFUR k1L %
T AT A ) T R e . B
TSI PEREXT L2 A, BATTE X Fe o #T T 5K
55 A R — e R PERE, I 2 FTE. RSB
W2 DL R R X EE, R USSR UEAR SCH e
HRMATE R, P, 300 B S bEag, 38401
R BeBy BV RE A7 156 25 H Jth BH AR A
BHEAER A,

4 % i

AR S — P JF X BeB,y 1 MRS T Hth
PR T T RGEMEET, Mg n] LA b i it
T BeB, R, I HWH Mg2 (Y BeB, R K
I S . 8T R B BeB, M HLIS A N
5250 mA-h-g!, X &M HL BRI B N R Z
—. Mg**7E BeB, [ i /LY #4220 0.04 eV,
BRAR R HOA 22 TR A5 ] LA Ay H St > 5w 1) 78
LR IEAh BeB, BN T A3 1 -4 71 % L e
(0.33 V), BARHAETRIEIK R (2%). HTFSEPRNH
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Abstract

Rechargeable lithium-ion batteries as the main energy storage equipment should possess high power
density, excellent reversible capacity, and long cycle life. However, due to the high cost and dendrite growth of

Li, searching for non-Li-ion batteries is urgent. Compared with lithium, magnesium has abundant resources,
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small ionic radius, and high energy density. Therefore, magnesium-ion batteries (MIBs) can serve as the next
generation metal-ion batteries. Two-dimensional materials based on Be or B element acting as the anode of
metal-ion batteries always exhibit high theoretical storage capacity. Using first-principles calculations, we
systematically explore the potential of BeB, as MIBs anode. The optimized BeB, monolayer structure shown in
Fig. (a) consists of two atomic layers, where each Be atom is coordinated with six B atoms, and each B atom is
coordinated with three Be atoms.

The lattice constants are a = b = 3.037 A with a thickness of 0.554 A. From the phonon spectrum
calculations, the absence of imaginary modes indicates the dynamic stability of BeB, monolayer. The presence
of a Dirac cone further suggests the excellent conductivity (Fig.(b)). Three stable adsorption sites (Be;: top of
Be atoms; Be, and B,: bottom of Be and B atoms) are labeled in Fig. (a). Taking symmetry into account, we
consider three pathways to evaluate the migration of Mg atom on BeB, monolayer (Fig.(c)). The corresponding
lowest diffusion energy barrier is 0.04 eV along Path III. The stable configuration with the maximum adsorption
Mg concentration is shown in Fig.(d), which generates a theoretical capacity of 5250 mA-h-g!. The calculated
average open-circuit voltage is 0.33 V. Based on ab initio molecular dynamics simulations, the total energy of
BeB, with Mg adsorbed, fluctuates within a narrow range, suggesting that BeB, can sustain structural stability
after storing Mg at room temperature (Fig.(e)). Finally, for practical application, we investigate the adsorption
and diffusion behavior of Mg on bilayer BeB,. Three configurations are considered: AA stacking (overlapping of
Be atoms in upper layer with Be atoms in lower layer), AB stacking (overlapping of Be atoms in upper layer
with B atoms in lower layer), and AC stacking (overlapping of Be atoms in upper layer with B—B bonds in
lower layer). The most stable configuration is AB stacking (shown in Fig.(f)) with the interlayer spacing of
3.12 A and the binding energy of ~120.97 meV /atom. Comparing with the BeB, monolayer structure, the
adsorption energy of Mg is —2.24 eV for Be;, —1.38 eV for Bjy site, and —1.90 eV for B, site, while the lowest
diffusion energy barrier is 0.13 eV along the path of Bs-Bes-Bj. Therefore, according to the above-mentioned

properties, we believe that BeB, monolayer can serve as an excellent MIBs anode material.
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