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First-Principles Calculations of The Effect of Graphene Defects on The Interfacial Bonding
Ability of Graphene/Copper Composites
DING Can', SUN Qiankun', YUAN Zhao’, REN Siyuan'

(1. College of Electrical and New Energy, China Three Gorges University, Yichang, Hubei 443002, China;2. State Key Labora-
tory of Advanced Electromagnetic Engineering and Technology, School of Electrical and Electronic Engineering, Huazhong Uni-
versity of Science and Technology, Wuhan 430074, China)

Abstract: Copper materials and copper based composite materials are widely used in the power industry due to their excellent prop-
erties. Graphene has recently become a popular choice for improving copper based materials due to its high conductivity, high ther-
mal conductivity, and excellent mechanical properties. However, in actual preparation, graphene is prone to defects. Therefore, first
principles calculations based on density functional theory are used to study copper/graphene composites with different defects. Cal-
culate the synergistic effect of graphene defects and heterogeneous Cr atoms on the interfacial bonding ability of copper/graphene
composites. The results show that the introduction of defects leads to an increase in the number of electrons at the Fermi level, an in-
crease in bond levels, and an enhancement in bond energy. In addition, the introduction of heterogeneous atom Cr increases the abso-
lute value of the binding energy, improves the stability of the defective graphene/copper structure, and increases the number of elec-
trons at the Fermi level of the defective graphene/copper interface model, thereby enhancing the conductivity of the composite mate-
rial.
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Fig. 1 Cu-G model and Four types of C-layers
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Table 1 Binding Energy.Separation Work and Interface Distance Parameters of Cu-G.S-W.

S-V and D-V Models

1A E,/eV e,/eV w,,/J/n’ d/A

Cu-G -20. 310 -0. 406 1. 820 3.090
S-W -18. 660 -0.373 3.310 3. 000
S-V -17.530 -0.351 3. 860 2.990
D-V -17.20 -0. 344 3. 820 2. 960
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Fig. 2 Comparison of Total Density of States for Cu-G, S-W, S-V, and D-V Models
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Fig. 4 Longitudinal section of differential charge density
of Cu-G.S-W.S-V and D-V
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Table 2 . Charge population of Cu-G.S-W.S-V and D-V
A T & s HE p d ¥ B B /e
Cu-G C 1. 080 2.970 0. 000 4. 050 -0. 050
Cu+t 0.630 0. 460 9. 760 10. 850 0. 150
Cu- 0.770 0.520 9. 760 11. 050 -0. 050
S-W C 1. 080 2.973 0. 000 4. 052 -0.052
Cu+ 0.631 0. 460 9. 760 10. 848 0. 152
Cu- 0.770 0.510 9. 760 11. 050 -0. 050
S-V C 1.090 2.971 0. 000 4.0619 -0. 062
Cu+ 0.630 0.451 9. 750 10. 835 0. 165
Cu- 0. 780 0.511 9. 760 11. 050 -0. 050
D-V C 1. 083 2.972 0. 000 4. 055 -0. 055
Cu+t 0.626 0. 454 9. 760 10. 843 0. 159
Cu- 0.770 0.510 9. 760 11. 050 -0. 050

Ji& - 343 il i 44 9 SW-Cr SV-Cr.DV-Cr, Cr JiE T BB N AL E W 6 (1 (D Fr s, HoH SW-Cr.SV-Cr.DV-Cr
B A B 43 il Ca) (b)Y, () ok o 265t SW-CrSV-CrDV-Cr 3k 47 JLAT A A DL 3R 75 5% B e 0 5 1 4 7Y
SR G N AR B T A A BE AT RSB MEAE DG S SRR T LA R ORTER 39, B = R R TR B (1 &5 A e
FAE R B, = SR A 45 A BE A U E , IX U B SW-CrSV-Cr.DV-Cr = F #4 B G B AR R 2 o A0 S8 0 6
Rf3 F S T A TR 48 A BE 23 ) N 37.70eV . 41.16eV . 41.09eV, iX Ui B 7E 5] A Cr Jil T 2 J5 , #5 AL ) e & 52 52 1k
.

B J5 6 = R AT T A B Th A S S B ST, 45 RIBORER 3, R R AE S 2 BN Cr
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Fig. 6 Top view of models SW-Cr SV-Cr and DV-Cr and Schematic diagram of Cr doping points
%3 SW-Cr.SV-Cr.DV-Cr i R ey 5 55 .0 & o R & 3EH A K
Table 3 . Binding energy.separation work and interface distance parameters of SW-Cr.
SV-Cr and DV-Cr models

A E,/eV e,/eV WW/J/m2 d/A

SW-Cr -37.700 -0. 754 4.220 2. 980
SV-Cr -41. 160 -0. 823 4. 650 2. 870
DV-Cr -41.090 -0. 822 4.590 2. 880

JRF 5 o> B it — P 3G s, 31X 5 R0 T R R N A A I AER L. BN CrlE S, SW-Cr 4 B Th i T+
Z11.27 1%, 1M SV-CrDV-Cr = F# B 73 B D $2 T+ 25 1.20 % . Al LA Cr JR 7 %F S-W B 7Y 45 & fig )1 10 2 T 2 31 i
U . 534k, SW-Cr.SV-Cr.DV-Cr #5 &Y (¥ 5 1] #8533k — 2 9 /N 2 2.89A . 2.88A.2.87A. 254G 4y B0y 5 it 1Hi B
SRR = PR LT 45 4 9 N B A SV-Cr DV-Cr.SW-Cr. L b2 83t W3 Cr J5 7 5 47 88 475 B B 1) by
[FAE X3 A B m A T AR 1R AR R . R EASG/RMEEME R E Y5 NABETANE 7R
JRTHHM TR B &M BRSSP 6E .
3.2 BEE
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a3k 0 R v T AN A SR Z B NER A o S T — P AH S5 T TR S RS 5 SR A R R AR
P B 45 A PR AR, i B I A T SW-Cr SV-Cr . DV-Cr i &% E R RER 7. F7Hr KR
N T Cu-G.S-W . SW-Cr [ 21 25 % FEXT L &, I b o] DU B BE A& A 205 S-W B S B 5 Cr iy 91 A, S-W . SW-
Cr 75 % B 1 20 AT B8 3l PR 8 3 5, 7E TROKR BB b M M S E E A AR MBI, Cu-G.S-W.SW-Cr [fJ
TDOS1H 7 %1 24 15.3.18.3 5 26.1electrons/eV , X Ui B B & S-W B 5 Cr i+ 1951 N, 510 AL B8t 1 i+
W B E, NIMIGss T A M ArsS k. B7H MM BERERT Cu-G.S-V.SV-Cr i B &%
FE X e, AP e ] DL B B 5 SR 0 S-V B 5 Cr 51N, S-V\SV-Cr 7E 3% K RE Z b 1) o 25 %5 B b 3% 7 438
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3.3 ENHEEEMMBETM

N Tk A 5 My b S TR Y TR R A B B A I L, ARSI T B T SW-CrSV-Cr. DV-Cr ] 2 75 L fif
FEEE L AR RS R Ui R EE 9, B9 W 1 (a) ok SW-Cr (1 22 43 FiL el 25 5 D) i
B bl —ECHE B EE 2 GmMMAR B 2E G, F A Cui 75 CrJi 7 & Bl i 20 6, X
Bl SW-Cr A2 8 i C Jil 7 2 A BB 71 Culs Cr i T 2 HLR £ 7 IR A 8806 2 10 B Bs oo B il sw
o, 5 ERETNAEEEHENEZE, XEH T ABGRELE T CEFABEFRIERSMA, X5 S-
WHF S — 8. AT S-WHAKZ, ZECr R AR T WEREEC, WE FECHE TR HILTES
MRE, FHCrR TN CREZMNA S X A INE, B TR RS, XYW Cr 75 CRE 2N
MR e R 2, B A 15k B 9O (b) . () F 8 SV-CroDV-Cr [ 2 43 L 1 % ¥ B’ Y\ V) T , SV-Cr.DV-Cr
PR R CIR T 2B B FINCus Cr i FE2EMAEZBTFIPRE . SV-Cr.DV-Cr 8 4 5845 2 11 2
53 LA B BE oy A 5 S-V D=V AR (1) 4 A 2L, 1T S [F) T S-V.D-V B B 2 AE CrJE AR B TR B e iR
o, B R LU B Cu J5 7 MBS G0 TR WP L P AE Cr i P AL I T 3 2 #E k. HF H SV-Cr.DV-Cr % Cr Jii 1
Ak 1) 22 43 FL AT 5 TR W €5 B SW-Cr &b (¥ 35 €5 88 7%, Ui B3 SV-Cr DV-Cr H Cr Ji T FEHU A7 U8 58 £ . SV-Cr.
DV-Cr#8 5 C JZ2 Z A1 58 & XS i ik, L TR Rl Bl R Cr R T C R MR T H %
FR) B AT, A4 S T 2 TA) 45 5 Re A B . X BRI R R DR O e AR A /AR ST 2 TA) R B T ER S OR/0N , A AS B T 2 [A]
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%4 SW-Cr.SV-Cr 4= DV-Cr & #1 % &

Table 4 . Charge population of SW- Cr.SV- Cr and DV- Cr
A T & s i p #iE d ## B .17 /e
SW-Cr C 1. 080 2.974 0.000 4. 053 -0. 053
Cu+ 0. 636 0.472 9. 749 10. 857 0. 143
Cu- 0.769 0.521 9. 757 11.047 —-0. 047
Cr 2. 480 5.990 5.110 13. 580 0.420
SV-Cr C 1.092 2.971 0.000 4. 063 —-0. 063
Cu+ 0.631 0. 463 9. 740 10. 841 0. 159
Cu- 0.779 0.518 9. 760 11. 050 -0. 050
Cr 2. 480 5. 980 5.090 13.560 0. 440
DV-Cr C 1. 080 2.976 0.000 4. 056 -0. 056
Cu+ 0.626 0. 458 9.762 10. 848 0. 152
Cu- 0.771 0. 506 9. 760 11. 050 -0. 050
Cr 2. 480 5.990 5.100 13.570 0.430

BRI SIAIE S8 7 CIRE CuZZ MM, IF it 7 A Z B TG =RITE GBS atk. JF
HBIN S-V S B I 0 5 i 458 784 BF20 de /), B % P T B e K

(3D 7E G i A 55 0 /40 S T A B b 51N 3 R 7~ Cr 2 J5 » 45 & e B 48 00 (8 48, 53X 4 B 48 N = AL T Cr
AT LU sk B A SR AR S A I RS E M o SIN Cr R 5 » Sk [ A S8 0 /0 2 & b RH 2 B Th ik — B3 I, St i
PR RE — 2Dl S 4 A REHE— P N, R SV-Cr B R [ FR I 25 5 1 RE SR AT

(MR XS SW-CrSV-Cr DV-Cr 25 % & (0 1H 545 R R B, 55U 1 Cr (145 A A8 15 5k B A 58045 /4 77 T 452
MAEFKBELN B THEL , W C R T A CESCuEZ MG ERE /I T EaBEK SR
P IX S HT 2> B E R 8. EASEEEE AR HE A R Crib iy i Fe g6k, R &
OB BREAR LS N Cr il il fr $2 2 BN, 3K 2 — 2B U] 1 Cr J5U7 55 R B 0 7)1 PR 9 1 A 8 05 /4 7 1 A 7Y
(TR, T3 38 1 5T 4 .
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