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Influence of the atomic anharmonic vibration on charge distributions
of graphene adsorption system
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Abstract: In this paper, a physical model of graphene adsorption system is established. The interaction
energy between graphene atoms and adatoms is calculated in the case of considering the anharmonic vi-
bration of the atom and the electron-phonon interaction. By means of the statistical physics theory and
method, we obtain the probability of adsorption adatoms and the temperature-dependence analytic equa-
tion of the number of mental atoms charge filling. Taking alkali metals as an example, we discuss the
effect of the electron-phonon interaction and the atomic anharmonic vibration on the number of charge
filling. The results show that the charge filling numbers of graphene adsorption system decrease linearly
with the enlargement of distances of adatoms and increase nonlinearly with the increase of temperature
and electron-phonon interaction energy. If the anharmonic vibration is neglected, the number of charge
filling is independent of distance and temperature etc. The anharmonic vibration is more obvious when
the temperature becomes higher or the electron-phonon interaction energy becomes smaller.
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Fig. 1 The surface (a) and side (b) of graphene
adsorption system
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Tab.1 M, a, Ap and o, of alkali-metal
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Fig. 2 Variations of filling probability of adsorption
adatoms with the temperature
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Fig. 3 Variations of the number of charge filling

with position for graphene adsorption sys-
tems: (a) adsorption atom Li; (b) adsorp-
tion atom Na
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Fig. 4 Variations of the number of charge filling with
the temperature for epitaxial graphene adsorp-
tion system: (a) adsorption atom Li; (b) ad-
sorption atom Na
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Fig. 5 Variations of the number of charge filling

with electron-phonon interaction energy: (a)
adsorption atom Li; (b) adsorption atom Na

HIP 5 75t T AL T o 1 SR AR IR B 2R 2 114
HL A SRR R0 L 7 A AR T RETC OG5 % JE F)
JETHE TS IR SN S - HL AT BT RO AR AR T e A1
KMTAELME b A s A EAE I RE/N T 0.5 eV I, 28
PHER W A2 AN s AH AR TR /N fA]
T TAT I O AL PR 45 2R 0 22 BE A B HL 7 A
HAE IR AN AR TR A 3
6 & it

IRV« (1) S E A7 5545 W B 2R SE Y HY
Af L FE RS W A 4 SRR DT A T
FAHEAE BRI /N IRLEE LU W B I s 55
5, B HT (100 (LD IR 5 (2) 7 SR W 2R ¢



284

W)l K FFRCE KA F O % 57 %

(14 L i 337 50 B R 855 A 0 T ) B 119
B4 ORI P Dk /1 o B LR A T v A R TR A
HAEHRERYHE KM AR LM M8 A5 (3) J5i IR ) 1%
REIRONER R Bk E Sl A PP A N 1 | B R
Rl e for BEE RO R 507 IR A TR K
SSEBRAAE. T3 fa 4R 3 A e 1oy SR S KB R
JEAETAL AL, B A e L AR LA T RE A
/I ARTRT RSO0 A

S 3k
[1] Davydov S Y. Simple model potential for the de-

[2]

[3]

[6]

7]

(8]

scription of elastic properties of single-layer graph-
eme [J]. Phys Solid State, 2013, 55: 885.

M3, =M€, HER, % BIANAEARGE
THOB YRR [J]. P4, 2015, 64 237.
Fang X Y, Yu X X, Zheng H M, et al. Tempera-
ture- and thickness-dependent electrical conductivity
of few-layer graphene and graphene nanosheets [ ] .
Phys Lett A, 2015, 379 2245.

B, 2, XM, 4%, Sit AH-SIC 4% A E
A1 sk 5 [1]. PrHeedi. 2014, 63, 407.
Davydov SY. On the fermi velocity and static con-
ductivity of epitaxial graphene [ J]. Phys Solid
State, 2014, 56 849.

Davydov S Y, Lebedev A A. Evaluation of the
effect of adsorption on the conductivity of single-
layer graphene formed on a semiconductor substrate
[J]. Phys Solid State, 2014, 56. 2580.

Davydov S Y. Relaxation of the monolayer of epi-
taxial graphene caused by the electron-phonon in-
teraction with a substrate [ J]. Phys Solid State,
2013, 55. 229.

=0, FE4E, FEe. HMEA B SRR
R RETR S A AR S (D], BBt 2017,

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

66. 203.

Davydov S Y. Model of adsorption on grapheme [ ] ].

Phys Solid State, 2011, 53: 654.

Davydov S Y. Vibration of an atom absorbed on sin-
gle-layer graphene: account of electron-phonon in-
teraction [ J]. Tech Phys Lett, 2012, 38: 959.
Davydov S Y. Transition metal and rare-earth metal
atoms on single-layer graphene: estimations of the
charge transfer and adsorption energy [J]. Phys
Solid State, 2013, 55: 1536.

Davydov SY, Lebedev A A. On the electronic state
of an atom adsorbed on epitaxial graphene formed on
metallic and semiconductor substrates [ J]. Phys
Solid State, 2015, 57. 213.

AR XL 23 R BRI I 4 J S A1 SE A
WS REREm [T W RE 24 B ARBE
2017, 54. 1067.

Davydov S Y. Concentration dependence of the
charge of atoms adsorbed on single-sheet graphene
[J]. Techn Phys Lett, 2012, 38. 175.

Davydov S Y. Energy of bonding an adsorbed atom
with a single-layer grapheme [J]. Phys Solid State,
2011, 53: 2545.

R R N B I = I (RS s A O
J& B A JE AR e T N [T T E R
e, WElss, R, HiRERE, 1987, 2: 60.
HEife, Rk, RNESRITYHFEIET S5
B (M. deat: P ERRE Sk A, 2006,
MRt &% LML deat: R scf i b
2003.

B, SR b A, EMARERS B A [ M.
WP POR IR 2 it 1996.

R C By Tie (M. iiife, %, & db
ae BRI AL, 1979.

R e R
{ 31 masmst: :
P Sce kb, JEREET. RIS TR RTIER SR £ R R G S R (). PO KA. FARE T
3 2B, 2019, 56 279, 1
; P& W:DuYS, Long X X, Zheng R L. Influence of the atomic anharmonic vibration on charge distributions of gra- +
+ phene adsorption system [ J]. J Sichuan Univ; Nat Sci Ed, 2019, 56; 279. +

e er e en e eeeer e s eree e —h s —her—ee e ss st —her—pseese s s s0—ere s s o1 —se—re s st —her—pre—ere st e er—prepe

+

i





