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Abstract

In this paper, the geometric structure and cohesive energy of graphene are investigated under lo-
cal density approximation (LDA) as well as generalized gradient approximation (GGA) based on
first principles and density functional theory. Graphene is a hexagonal structure composed of car-
bon atoms. The total energy of the graphene system and the total energy of the isolated carbon
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atom system are calculated by the density functional theory. The calculation results show that the
cohesive energy of graphene is about -9 to -10eV, and for different calculation methods and para-
meters, the cohesive energy obtained is always negative, which indicates that the graphene struc-
ture has lower energy relative to the isolated carbon atoms. Therefore, the attractive interaction
makes the system more inclined to form the graphene structure compared to the isolated carbon
atoms, indicating that the graphene structure is stable. This computational simulation study can
provide a theoretical reference for the future development of graphene structures, as well as the
performance studies and applications of novel structures (e.g., twist graphene).
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2004 4, 9% [E 2% # Geim Al Novoselov [ 11K IUABA TR LU — PR 1 5 175 R4S @R @ n) A S Ao
AT T3E I N e E ) A A SR R B A SR B, SRR I TRCRG AR R BT, — B IR TR
AN IERIE A WX PR, ST DS B — BB R 14 A SRR A A . A SR
—Fh B R AR S M B RS AR I M RL 2], B T HAARR . 1% B AEE
PR E, FEVEE, AP INTL. RedE. PRAESESUSAA AT IR AT R3] [4] (5], Tk —H
NI TR
2. WEAZERERE
2.1. BRIk

FET# Iz IR [6], WUSRMERKSEE. X TASCRABTFETERE, B3 KH TR,
HL -V bR B0 T P R SR AR R T, THER AT DLGS AR RIS REE DL TR, T R VR EALE
RERAH GRS E, . SR A, IR TSR, Re s,

% & Born-Oppenheimer JTEA[7], A LUK 5 B30 o0 & X T[8 2 Bk% AL bR, AN S REE
RFH AR AL bR N T3 se =0 EAX A R BD T (X I3l R — M il AAE R R X T 7370k
b, FETE R R, RN R RS R RS U R R R, RN, BRI AON(8]:

E[p]=T,[p]+ U [P]+ Es[P]+E. [ F] (1)
Hrp, p RETHEE, T [p] RIFHEAEMETEIRI, U, [p] RIS, E,[p] & PEACAH LA,
E [ p] RS HREEIN. X T AT p KU, ERME W] DUB AR R R ECRA R, BRI REA:

p(r) =206 () @

3% Hohenberg-Kohn 5EHE[7], FERLTEAAR LR AT, X REREIZ oR BN /ME 7T LS B4 R 1) 2
BUWERE, TRAEE X R BOoRE 7y, BIa] S 1 Kohn-Sham J5FE[9], X & —ANAEAH HAEF T (1) B 2 12
IR
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Hep, vV, (r) RIEREARS, 08 THT - BIOMEERGNME), BT - ST rMEEER(ER
Ty, VAR GBI, SEE—DH, s S BE R IFIZ MR 7E Kohn-Sham [FHESL T ] LA K.
Elo)- 5o~ 1A a7, (1)) . ) @

Hrb, HIARSE—BURPUEREE AN, S ZOUNEART, 55 =00 HOCHRS, e — TUNASHR IR
THEERZ R ST Ra—WE, [p] K, FTEMHGLLL, W IWKELAUTEA R L LDA [1018L K&
7B EEIE L GGA [11758

T T - R EAERGNY, R TES112] [13]. EHRE R Tt esiig g, =&
7 TR T AR ML, XMEPBARNRENETRE T, EBENE T ARG RE
WRVUANFEARFA: 1) R REE AR R T 2) EEEERZ s, M EMshEEFHrh mram
JR e R B S A I LR AN B AR B e B[R] 3) AEAWT AR A, TR I BRI ORI B S R )
T —8 4) e e mahEE TR T2 m R R EE S 2B TE LN M AR R ek R, ey
HAH E A B ARAEE . R E S A, AT DA BRI ECE AT TR R . ISR M IE TR
1RZ, gt <y 18 Ji§ % (Norm-conserving) [ 14] LA M8 # i #4(Ultra-soft) [15].

H—JH M, P ZETH Kohn-Sham 77 #2FLE feERIA ik 2= 23R, RInI 152080 & 2% [F 1)
Kohn-Sham 5 F2 R GE B FRIE BN

EL{%M+GT5¢~HQ%}@(G7=@@(G) ®

1 * *
By =26 -95 2 V0 (G) ' (G)-QX [V, (6) <. (G) ]p(G)
J #! #!
+ZvaVZ”Zﬂ +7Ewald

Horb, BReRMFREIN LT % - B R TTR.
AU FR A BRI A T, Big R UM I AT & i T i SR 2 B IR 2 1, IR
TGS RN, B E st TR o MBUERE R, BARRIEX T

(6)

h2 2
E;M+G|£Emﬁ (7

HIFEhRE R ET, SR iBE A&, WS ARE, ERMERIEREERIE A, RE
FEPR/INET S R R AT DA KA T R SR g B R 2

X PR IE R, B2 T B AR TR AT 0 TR S R B IR T, 7T LR K
FETHRL, AR T ZRRMREBRE LS, T R0 S AR, WU TR B S AR W7 R
AR BIBOR — 28, (R 5 E 2 MM R BUR PR A B, TR =28 (0 8 i 5 2 Ao A
Ub, XA A = 2 A I S A, FRATTRT CAE A S R 2k

F—J7, AT AT RN K Ry, RER AR B, AT k 2 [E] AN X, AT EL
B — MR k R ECR T B T3 .

FESEBRRITH RO RE T, &2 e THE, REOTIE R I 45 s W14 -1 T ek B R T R 8, ik — 2D i
PR BIG  R I HAT R, B AESR E MRS A HRIKL T, THHEIEREIC IR AE Kohn-Sham J5
e, AT A5 3 —ZE0T A1 T R T AR OB (K FL AT 5 P52, RO P AR RO ML RTINS B, 2 22 B A WSk
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i, R, HUEE L AR, TR, ST R, 76 Kohn-Sham J7 A% KR F R 410
LAR AR 1

2.2. HRASBHILMEH

XTSI AR R, 9 7 SR ARG R R, AR A A, R T TR T 1) B A RO
RSO, MR RARA S5 . LT g fit, mAMERERRERIE 1 Fos. Kb,
X IRSL BRI TR U, R H N — MRS & 7 B, AT B 7 I B B (B A &, [
S RIL ST, AR USSR N 2 PR .

Figure 1. Schematic diagram of the structure of graphene

1. AEGENREE

Figure 2. Schematic diagram of the structure of isolated carbon atom
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2.2. HHEIAEESHHLER

22.1. ABRBHERITE

XA SR RO, L C 1) 282 2p2 /R AL, 1s2 fEREHT s SRz R TR
W FEIRAMNLDA); K TP R 178, BWaesE o 280 eV JEFH K T #(Ultra-soft
potential), 4 C_00.usp. T k Z¥[AJHUFE, KH T Monkhorst-Pack 777, grid size 7y 10 * 6 * 1. FLikiX
T304k s BAARRITHES IR | s,
Table 1. Parameters of graphene total energy calculation
#* 1. AEGBRERSITESH

T LT T e T AE R K s
WARrSE 1s2 252 2p2 LDA PR 280 eV 30
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2.2.2. AR FEHERUE

IR, XTI R TR, M RETRETFEMARRARRBRNZEME, IR SRNG5S
TR RSB S, TE —3 ig BT A — 50, R EEEAE . BTl & C T
19252 2p2 YENMN LT, Is2 fEREHL T S H oGz bR R A T R 3% B AA(LDA) s SR T T 3k 20
JeITHITT %, HilkiaeE 7y 280 eV JEHB R 7B ¥ (Ultra-soft potential), 7y C_00.usp. Xf T k 75 [ HX
¥, R T Monkhorst-Pack J7vk, FEEIT 14k A(WEARAES—NEF, LR FEN gamma &k
ITHEIE, gridsize N 1*1* 1. BAAMHESHINE 2 Fix.

Table 2. Parameters of isolated carbon atom total energy calculation

2. MAREFHRDEETESH
GHTF ey ST HRE B 7| HT e K A4

VRIS 2 1s2 252 2p2 LDA SPETH B T 280 eV 1

3. HEERMSR

wE 3 fiw, N TASEERRRN, &7 15 PRABITEZE, B E TR R L (total
energy/atom convergence) &3] T 0.1000E—05 eV, A fE & AF 1k (eigen-energy convergence)UZ S % T
0.3333E-06 eV, IAMGHMARLSREN:

Final energy, E = —621.8196941698 eV ®)
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Energy (eV)

-580
-590
-600
-610
-620
-630

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Iteratio

Figure 3. Convergence results of total graphene energy calculation
E 3. ASEHEEETERHER

FRE, Wl 4 pos, STIGLMBRIE T RE, 257 15 BRaRITEZE, B R AR
{k(total energy/atom convergence)LEE] T 0.1000E—05 eV, AE it #:45 {k.(eigen-energy convergence)US S F)
T 0.1667E—06 eV. RAMGRIIIIR R L RERA:
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Final energy, £ = —145.3495145913 eV ®
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Figure 4. Convergence results of total isolated carbon atom energy calculation

B 4. M FREF R R EREER

X S B A S A RS R BRI R SRR, A R R RS B S, AN
2 B0k DUR A0 B RE B A SEMAAROR, (HOR X RE R M ZZ (R U, RIS B O R, BRltk, FIHINER
RETF AR A B SR, v DL AR B A SR R I A SRR -

B -621.8196941698 eV—(—4><145.3495145913 eV)
4

~—10.105 eV (10)

PRk, 75 3 00 5806 Y K AEN-10.105 eV
BT AT A RKE, W T Al THRERZ R 1T XL ) PBE B
Hl16]; FRMAERERREN:
Final energy, E = —620.0817119187 eV (11
BRI, 456 2 B3 B IOLRIE TR SRR, AT DUS B R A SR I6 7k R N R Be -
£ —620.0817119187 eV —(—4x145.3500139220 ¢V )
4
Bk — s, FATAT LS R AR RSB ORBZ B . $R s K A A B N E, 3900 5h RE Ak 55
ik, THRASREANFSEN A SRIEE R RER, A SRR R 71 R 0TS O 85 R0y 5l
e 3 A 4 Ffr

~-9.670414 eV (12)

Table 3. Calculation of the total energy of graphene under different parameters and methods

%3, FRSHAETHABHNSEETE

A5 BEARRIPZ PR B RERLIT KA [ HURE [E HREE
1 LDA 280 eV 10%6* 1,30 usP —621.8197 eV
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Continued
2 LDA 680 eV 10*6* 1,30 NCP —621.1066 eV
3 GGA-PBE 280 eV 10*6*1,30 usSp —621.0817 eV
4 GGA-PBE 680 eV 10*6*1,30 NCP —621.4323 eV
5 GGA-PBE 750 eV 10*6*1,30 NCP —621.4341 eV

Table 4. Calculation of the total energy of isolated carbon atom under different parameters and methods

% 4. RESHITETIIIHET R REEH

51 BEARIRIPEZ PRy e K ZE (AU A LfieE
1 LDA 280 eV 1*1*1,1 USP ~145.3495 eV
2 LDA 680 eV 1*1%1,1 NCP ~145.2731 eV
3 GGA-PBE 280 eV 1*1%1,1 USP ~145.7861 eV
4 GGA-PBE 680 eV 1*1%1,1 NCP ~145.7210 eV

T, RIArdt 20 4105 A Sk SRR * 4 HIOL A T SR BT E)ARSH I EITE TN
g, v, X Fafaik R0 4, XN FIOLERE TR R 3, AN REEN-9.0720 eV, FLIAEA
IR ZHNTH IR, BRI ARG R BEL N9 eV EI-10 eV,

4. BEROWMEWIR

SSRUL, FET R E AR I R Ee, THEAS R TR SBEAMR I N R R, Bk, BR4H fEITIE
Y P R AL R T, 3R A 1A 57 4E i 345 (Norm-conserving) PA KB 4 %5 (Ultra-soft), A2 # 5B BB
KT R BN LDA) LK SUBR I U(GGA-PBE), K Z¢[AJEUFE R A T Monkhorst-Pack 7572 .

T A R oKL, BREINNERERREAE-9 eV 2-10eV. ®EFERE T WK, AL
U hpeailr sy . B, i AR RIS #oC Az iR IRBCR R IS4 . 3G mah se a5 773k, w]
PUEAS 152 S st i . HARH, M3 3 AL 4 T DUEH, 3T 806K R GGA AR A=
AL LDA 330058 &y, 106 FAIOL0 R T 454 GGA SR B fE E L LDA 320K, X iR
N, s ERONEE, MIGLEFEEBORES, LDA tHESUS MR E A T /Sl MH
AME R RE R K, T GGA A, BRAASEF 1) RE 2 5 Bl T H 9l , MBUH SR 53— J7 11,
X T A SRR RN BT 25 F R 1, SR AR S IE H(NCP)AH b TR A (USP) R L, 1H 515 21
SRR .

P E AT L 2], H GGA THES 2R N R REAHELFH LDA TH 545 21 (1) N B2 Re 38 (4a ot (i 58
), XTREZEN, GGA fETHH IR T 25 s fe ERHRAK, (EE TR A SBM AR SR EL, N
ML GGA 1321 N R RE T = o

AR EINEM SR ER BN R — e zER, —J7i, v LhaEdg malpesikine s, s
B HIR T IE G )TN EECE ZH, ORI E S RIS 5 — 7, AR AT DO E SR 5
G5O, TR O VE B S A IS A A SRR R . AR DK IR TSR D7 A HE T B R R
BB 2, X0 T 708 A R AR e P DL S5 MR S50 — 2 IR TR 5 B

SE
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