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Fig. 1. Two doping sites of single B and N in the 2 x 2 x 1
supercell of graphyne. They are ring doping and chain dop-

ing respectively.
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Table 1.  Lattice constant, bond length, Mulliken
charge and FE, of B, N doped graphyne.

1Bat 1Bat 1Nat 1Nat
ring chain ring chain
Lattice/A 6.98 6.92 6.86 6.90

Bond B/N-CI 154 150 142  1.34

length/A B/N.C2 150 1.36 1.34 1.18
Charge of B/N/e  0.143  0.016 -0.247  0.226

E,/eV 717 7.09 699  7.08
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Fig. 2. Energy band of four structures: (a) B-ring doping; (b) B-chain doping; (¢) N-ring doping; (d) N-chain doping.
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Fig. 3. The PDOS of B, N and neighboring C1, C2 atoms with different doping sites.
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Fig. 4. Flat view and side view of the electrostatic poten-

tial of B, N doped graphyne. The range of electrostatic po-
tential is 1.0--1.0 Ha-e %

WL L AR LifE B, N 52447 Bk
B RE, IR Li JR17E B, N 82419
A7 SRR R R R R )

Ea = ELi + Eg/N-graphyne — EB/N-graphyne+Li» (1)
Horh, By FR A Li AR B )Nesraphyne 2
/N B, N B2 A1 S S RE B, T B /N graphyne + Li
FoR Li WY B, N 420 Ss A R I S RE S . T

BRI, — Li WIHTE B B4R £7 8B H A H 7 05
1 h A7 55 B W FFRE A2 1 4.16 A1 3.27 eV, Li LT
SBT3 B 301 A 0.87 T 1.83 AL 3 Al
L SR R T AR LF M AT, H A7 S R #IG, Li 3
i) 57 F H 75 A TR R B A A 8 F g
B BE (H 037 45 3.33 eV, h i i 2.50 eV)H0 Li 7¢
B 45 A s b W R RE IR 1S N, 31X TR &
BB 7] LIMGsR Li 456, 2R, 4—A LifyF
N B2 f7 BBy H A b A7 & mE, WK BE 2 501 N
2.75 1 2.32 eV, W [k B2 43 5o 1.10 A1 1.83 A,
FHLE TR S b B RE A TR,

SR LNV R o BTV < v B g
Li JEF43 307 F H A b A7 S ) B e RS 1t D
220y HLfr % B IR THEASA, Li A B B2 A sk
() h A7 GRS HL R 0.52 e, /NTF Li i F N 48
Fefr e b A s AT RS i 0.58 e T Li B
T2 BN F AR AE AR i RE SRR e 45
{HJE B, N AT h {57 o5 s B4 2 B v B2 TR A 1.83 A,
Bt B #8240 A 885 h (v A LT N 8224
e h A SRR BER, TR LT B
e fr B h AL S A I B RE R T N 48 20 s .
H & 5(a) FIE 5(b) o] AT IS LA i, Li W T
B B4 85 h {585 B—C1 2 (I B A

(2) (b)

(c) (d)
0

' —0.005
- —0.010

B doped graphyne N doped graphyne

B 5 —NLifiT BBA&MAEN (a) HA (c) h {50
W22 5y M fr 2 BE Bl — A Lify T N2 A &40 (b) HF
(d) Do 53 B9 22 23 FL A 42 8 BT K T 22 2 FL A A R R Oy
~0.01—0.005 e/A%, LI FIR B FUE, HERRHFHLK
Fig. 5. Differential charge densities: One Li at (a) H and (c)
h sites of the B-doped graphyne; one Li at (b) H and (d) h
sites of the N doped graphyne. The range is -0.01—
0.005 ¢/A3, the red area stands for electron accumulation,
and the blue area stands for electron deletion.
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Fig. 6. The E,q curves of multiple Li adsorbed on B, N
doped graphyne.
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Fig. 7. (a) Top and side view of the maximum Li adsorbed
with B graphyne; (b) top and side view of the maximum

storage Li adsorbed N doped graphyne.

T EE R R RE R S HORTT %
R, iR A SRR 2
Voc = (EB/N—graphyne + nEpceLi — EB/N—graphyne-&-nLi)/”(Le)a

3

H, Beers & Li BIAOL S TT SRR RERE, e
TR, K 8 45 T B, N B4 (1 s Ay T i
PR Li 26 7B AL, Ti BTt T 360
TARHIER, GO A IT % F T 2 n] BEARR 19, Ak,
N T ARG A TAEVERE, JT #% L R 2R AT fE-F
00 NP 8 W LA Y, 7R Li A AR/ B

213601-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019) 213601

B, BB A ST I R R E] 2.32 V, G i
Li 755 93, P47 B H R BR SR T %51 1.01 V.
1M N B4 A 25 i FF 6 H Fe AR T RAIR, P2 0 %
A 0.51 V, KT B 824 A 80 F41E 0.81 V.
H2, HAREENE, B BAASRE S Li A5
MrBe B — B o P R R, 2580 750—
2061 mAh/g B} -3 FF B HLRAUR 0.42 V, /NF
KB 24 A S 4 F B 0.64 VUL (Rt
B B  8st BA A TARHL .

3.4 Li7fEB,NBZHaAEHR T E

HHE B, N B2 B EAE R Li B T i
W e i fE, 11 Li 76 B, N 3B49h B 1
PHEfeL. MK 9 PR, LifE B, N2 840

1.5

Relative energy/eV

0.15

H o path 3

W

B doped graphyne

Relative energy/eV

0.2

Relative energy/eV

H o path 3
|

Relative energy/eV

N doped graphyne

Y
Ry &2 BT path 3 _EAIYHRE £

2.5
—— B doped graphyne
2.0r —— N doped graphyne
<
> 15}
o0
<
bt
o 10pF ‘=== .
>
0 . . . .
0 500 1000 1500 2000
Capacity/mAh-g—!
K8 B, N4B A A1 s 1 00 T i s Bl it Li 2 w22 4k,

Horp i R R IR B 1B 2= 41 5 i) S K0T i e, 25 .40
RFIR N B I A1 S AP 24 JT e T

Fig. 8. Change curves of the open circuit voltage with the
storage Li capacity for B, N doped graphyne. The orange
dash line represents the average open circuit voltage of B
doped graphyne, and the purple dash line represents the av-
erage open circuit voltage of N doped graphyne.
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Fig. 9. Diffusion paths of Li on B, N doped graphyne and the corresponding energy curves. The red, green, black curves in the pan-

els corresponds to the diffusion energy barrier on path 1, 2, 3, respectively.
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Abstract

As the economy grows and the environment deteriorates, the renewable energy is urgently needed. The
advanced energy storage technology in electronic equipment, electric vehicle, smart grid, etc. becomes more
significant. For example, the rechargeable batteries, hydrogen storage media, supercapacitors, the new energy
storage devices have received much attention today. The anodes of the lithium ion battery (LIB), as the main
body of charging and discharging, should be most important. The ideal anode material for LIBs is required to
possess a higher Li capacity and a lower volume expansion. Good reversibility and high Li capacity are balanced
necessarily in the electrode material. The poor cycling performance of LIB is usually due to the severe volume
expansion of anode in lithiation/delithiation process. In this paper, the Li storage performance of B and N
doped graphyne is explored by using the density functional theory method. The Perdew-Burke-Ernzerhof
functional of the generalized gradient approximation is chosen. The calculations indicate that the doping of B
atoms can enhance the adsorption strength between the Li atom and the graphyne, which can greatly increase
the Li storage capacity. The Li storage capacity of B doped graphyne can reach as high as 2061.62 mAh/g,
which is 2.77 times that of pristine monolayer graphyne. Meanwhile, the B doping reduces the out-plane
diffusion energy barrier of Li, but increases the in-plane diffusion energy barrier slightly by 0.1 eV. On the other
hand, the doping of N atoms reduces the interaction between Li and graphyne, however, the Li capacity also
increases to 1652.12 mAh/g because the number of the available Li adsorption sites increases. Moreover, the
doping of N atoms greatly improves the diffusion performance of Li on graphyne. The in-plane diffusion energy
barrier drops to 0.37 eV, and thus the charge-discharge performance of the N doping graphyne is well improved.
Therefore, the doping of B and N atoms can remarkably improve the performance of graphyne as the LIB
anodes. The remarkable performance of B and N doped graphdiyne shows that it will become a promising LIB
anode in the future. The present research can provide a good theoretical basis and thus conduce to guiding the

developing of good Li storage materials, and can also supply strong background for experimental researches.

Keywords: graphyne, B doped graphyne, N doped graphyne, Li storage, density functional theory
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