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Fig. 1. Relationship between the single atomic energy

and the nearest atom distance curve of Au.
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Fig. 2. Relationship between the single atomic energy

and the nearest atom distance curve of Ag.
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Fig. 3. Relationship between the lattice cohesive en-

ergy and the nearest atom distance curve of Au.
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Fig. 4. Relationship between the lattice cohesive en-

ergy and the nearest atom distance curve of Ag.
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Fig. 5. The lattice inversion potential curve of Au.
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Fig. 6. The lattice inversion potential curve of Ag.
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Table 1. Fitting parameters from Morse potential

function.
VI D/eV a/nm~1! Ro/nm
Au 0.51385 0.164998 0.302961
Ag 0.35453 0.153248 0.308306
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AR R A a = 0.998, RIS KEEW L ZR. H
XL A M 2R AT AN ORI S, R IR i 2k
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Table 2. Parameters of Morse potential function.

TLE D/evV a/nm~1 Rp/nm
Au 0.4826 0.16166 0.3004
Ag 0.3294 0.13939 0.3096
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B AR, ZRBOER N (6) R, BB ES
BN 5AN
¢(r) = Dy exp[—a(r — Ro)]
— Dy exp[—B(r — Ro)], (6)

AR BRI S 3k 3 AT

HAHER12M AR R0 =1, Agt
K R E L a = 0.99998. [R5 FLA 1 28 12E 47 TR
MER LA, £0.2—1.2 nm BANX ] _ERE
RORAER I, i m T 2 AR B LA AR XA
BRI A R VRPN RE BE AR s, T A R Bk —
ARG SRR S R

g ER ARG SR, WHRASHES
N SEUN A R BOIAT LG, T DA A7 M5 4 pR T
AT AR BB R B A, AMESLE HIAE
KEBm, T HBA R ERIEE L. L-J
4 ER HUR Morse 34 bR B, BUARAHC R B =1, W 2
R, EBOR I EE 2R 1 A ORI, R BB AT
2R A ORI 2, R AN . X REAE DA B
SRR S A O B SR R L. BT L, AR AR
B0 Fi B 55 ok HCR R B 1 9 F B 1
R T IR
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Table 3. Fitting parameters from double exponential potential function.

T D1 /eV a/nm~1 Dy /eV B/nm~1 Rp/nm
Au 1.54168 0.370914 1.33918 0.121556 0.256318
Ag 0.84825 0.374806 0.67882 0.085012 0.257258
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W R AW E T 10 B s, A BIH X R FR
BN G(0,0,0), X(0.5,0,0.5), W(0.5,0.25,0.75),
K(0.75,0.375,0.375), L(0.5,0.5,0.5).

M7 10 77 F th, R RIE X # EAM
ITVEM CASTEP 1A 21 Aufil Ag {75 1l
FNZS 2 B M BRI AR K BARTE, (AfFEE—E W Z. DA
CASTEP 11515 2 75 i FIAs % 5 i 28 34k, 4>
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Fig. 7. The phonon spectra of Au.
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Fig. 8. The phonon spectra of Ag.
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Fig. 9. The density of states of Au.
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Fig. 10. The density of states of Ag.
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RE-J5 T PR M R AT LA, 19 2 Aufl Ag ) N
Fofe i 2k ok BN L S B R ATy, LA 1S
FlAuRIAH % R Ba = 0.99998, Ag ) % £ %
a = 0.99999, ifi H 4 /P G884 m. 1%
BREE T FCC @k b AN I 7 B A 1 A B R AN
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4 MRS B A N IR RE - SR T EE R A B Au B Ag AR S48

Table 4. Fitting parameters of curves of the lattice cohesive energy and the nearest atom distance using

double exponential potential function.

TG D1 /eV a/nm~1 Dy /eV B/nm~1 Rp/nm
Au 2.38 0.388395 6.81648 0.12956 0.286456
Ag 1.75385 0.406509 5.61769 0.101979 0.275617
3.2.1 KRB RO H 0.00165
LMK BB T R R 2% 2 Gt SR #S 0.00154 [
“FEE: g
< 0.00143}
o0 2
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/ e V/kBT 45 0.00121
—00
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IR, HU100 nm A BB, RA B WP IR TR
JET M 273 K—373 K (0100 °C) F & & i #3k
AR, ik 11 A 12 BRI R F IR Sh AL
- R R 2.

0.00120

0.00115 |
0.00110 |
0.00105 |
0.00100 |
0.00095 |

PIRINFS /nm

0.00090 |
0.00085 |

0.00080 + . .
352 374

11 Au BJET HIRENALAS -1 2%
Fig. 11. Relationship between the average atomic ther-
mal vibration displacement and the temperature curve

of Au.
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Fig. 12. Relationship between the average atomic ther-
mal vibration displacement and the temperature curve
of Ag.
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—BDyexp-B(r—Ro)l | (14)

53 B AuFl Ag (1) 18 25 B 48 7 B B rg K
RAPHIEAN (14) b, 5 Au MAg#E0 KT
A 3 BB 2 ) 9 kaw = 1.951 x 10'! Pa,
Kag = 1.443 x 10M Pa. CASTEP ¥ 115 ) 45 R
Kauw = 1.993 x 10! Pa, ko = 0.902 x 10*! Pa. X}
LR BT S A5 AT S T

i T8 — MR R S R s R Y
&0 K RIS R, i — i S br Al 1 02 78 % 0 BA
b, BT RATE B S R A DA b A v B ) 4 R R
AEZER L. AT (14) o] DO EA F iR
FE IR R, Nk 2B E T EIE T Au
A Ag B R SR PEAS B, I 5 S 56 Bt 2R AT X b
Fr. %3293 K&, H(9) BT 1HE, Aufl
Ag ¥ HIRZN AL N 54w = 9.04 x 107* nm,
Oag = 1.253 x 1073 nm. 4 r{ A 293 K TP
BOLARR TR, Bl = ro 4+ 6, 13293 K N AuF
i A& e AR R T EE B N vy = 0.289123 nm, Ag-F
W A BOL AR T 2E 3 N ) = 0.284052 nm. fUAE]
(14) A 45 293 KR, Aufl Ag [V 3 1 A5 5
BN: kaw = 1.86782 x 10! Pa, ko, = 1.36006 x

10 Pa. 1 SCHk [10] HEHRE: kA, = 1.71 x 101 Pa,
kiag = 1.036 x 10" Pa, XFHEAHL Au HOAARSREA fE
FARHRZE N 8%, Ag HIMRSR LR A N 1R 72 4 31%,
RYPHHPTS AR S R HIR 2T A 1. RN R
AT IR AR SR AR Y — M RO
323 MRMBLEEITH
H ) B i 5 4 R B o6 2 112
_1du/av
6 dr/r ’

(15)

HAU = Nou(r), V = %(\/Qr)?’, No N1 mol 1
BT TR R R — 0, 3F L9
U)ol b s S e,

F LA e [T 1/6.
i
V2 9%u 242 du
Y=1802 2o (16)

43 AR N 293 K4 £ K Aufl Ag 1) °F #5 25 i it
A S BE Bl kN B R R L, 15 Au il Ag Y
MR E AN Ya, = 0.93094 x 10'! Pa, Ya, =
0.67697 x 101t Pa. [ SCHR [10] H H 4l Ya, =
0.795 x 10! Pa, Ya, = 0.732 x 10" Pa, XFHLR I
Au # IREE R AR 229 17%, Ag [ IRKE & AH
XFRZE N 7%, R THE S5 R 550 3O 2 BONRF
.
324 RARLATFTHOGTH

e bk AR Bom it (11) Rt sE 04, Hod g A
oy HRT TR THE S5 RAGH], Cy R SR Hdls
CH™ = 24.27 J/mol- K, Cp% = 24.23 J/mol K, JEE/K
RV = D (Var)®, Na ARIER I 5,
VTSI AR R TR . £ 293 KT, At
AT Aul Ag IR MR AR B N yaw = 2.64,
Yag = 2.56. HISCHR [10) #1293 K, Aufl Ag HIH%
MERRE R AN yaw = 3.03, yag = 2.40. XFLE
R Au (RS AR SRR BORRT R 22 8 12%, Ag ks
PR R B W% 258 7%, Ui B S B S S
BT AR AR i

4 2 W

1) % F 55— 1 JR 3 A Chen-Mobius 2 i 34 P
WAT B TR FERL S & AR I ST

2) TR T LA S A 3 R B TP A LR T 4 R RS B
ANt HOE A R A ), 45 T A RV RS FE
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Application and foundation on inversion lattice potential
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Abstract

How to construct an accurate interatomic potential function is an important and basic problem in the simulation
procedure. Using first-principles method, the single atom energies in different lattice constants are calculated to achieve
the ground state curves of Au and Ag. These energies are calculated in the Perdew and Zunger form of the local-
density approximation ultra-soft pseudo potentials. The cut-off energies of the plane wave bases of Au and Ag are set
to be 320 eV and 300 eV respectively, which are sufficient for their full converge. The Brillouin zone is all sampled
with a 12 x 12 x 12 Monkhorst-Pack mesh of k points for Au and Ag. Allowable error in total energy is smaller than
1 x 107% eV per atom. The lattice cohesive energies in different lattice constants are calculated to achieve the lattice
energy and atom distance curves after subtracting the value of ground state energy from each of these energy. Then
the accurate inversion potential curves are obtained according to the Chen-Mdobius inversion theory and self-compiled
program. Based on the fitting consequences of inversion potential curves, using different potential function formulas,
a double exponential potential function to fit the inversion potential is presented. This function provides the accurate
formulas and parameters for the following research. Moreover, the phonon spectra and the densities of states of Au and
Ag are calculated respectively by using the inversion potential data, the embedded atom method (EAM) potential theory
and first principles method to verify the reliability of the inversion potential. The comparison of the results among the
three methods shows that the tendencies of these curves are similar. But they still have some deviations especially in the
range of high frequency. However these curves indicate that the inversion potential can reasonably reflect the interaction
between atoms. Meanwhile, the inversion potential method has great advantage in calculation quantity compared with
the EAM potential method. The inversion method needs less time in calculation. In addition, the thermal expansion
coefficients, the elastic moduli and the Griineisen constants of Au and Ag are also calculated based on the fitting formulas
and parameters. The results agree well with the experimental data, which implies that these inversion potentials are

effective and accurate.

Keywords: gold, silver, lattice inversion, accurate inversion potential
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