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Abstract: Combining the One Atom( OA) theory with Debye Griineisen model, the temperature dependence of a-
tomic state, atomic potential and vibrating energy, atomic volume, bulk modulus and linear thermal expansion coef-
ficient of fce and metastable hep and bee Au metals in SGTE database of pure elements was studied with the lattice
stability parameters determined by CALPHAD method. The results show that it is the smallest number of covalent
electrons in d state of fcc Au among that of the three structures that leads to the biggest single bond radii and atomic
volume. The order of single bond radii of the three structures during the elevation of temperature is fece> bee> hep,
and it is the same order for atomic volume. The order of potential energy is fce< hep< bee, and it agrees well with
that by VASP program of first principles; the atomic vibrating energy obviously increases with its rate 3.2 times
higher than that of potential energy when temperature increases, and the variation of atomic vibrating energy is

much higher than that of atomic potential energy during temperature elevation.
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ATPTHN AuCu "™ S SRR TRE, BT
HEE IR T BhAE IR AR L AR AR R AR K
FOBAE I B U BE M o) B AR AL AR REAT T 0TS
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R A R . Fitk, &BIRFINZH R
AT DA% B Th B8 40 Db R B R A R R S Y
SJEEE M A L B B T RS
B, IR AR BB A R BLA R A L B
HH ARG HL Y, AR B H (TR RR AR B ) U H
AleEEER s s Ho, eSS
Red FETTER, A BB T SRR R
FLOTER .

76 OA #Higrp, HEXRTE 9(k=1 2, ..,
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Eckardt Y W50 K I: BT AAEMRIIN sp
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M s fed . L, p BRI T AT LAM s & H
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ASPTRE I (AN [ it A 25460 P it A 5 RN 45 5 e, ML
o hep i IIENEE o/ o WM ERARLE 1. 633, TF 545
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2.1 FEFRE

K1 2a T DA T O 45 5 Be bt 7R
W= REE o BRE E. LA 8, R
LRCOREARFRMTY, A€ R TIRES IR,
X245 T AR RN

MR UL E 4 B 2 v LA E fee, hep F bee
Au LS5 R AR A2 23 70 A

lbf(tc — [ Xe] ( 5d11)4.692 (5d6)4.612 (680)0.700
(68/)0' 996

R=0.1331 nm;

d}lcp: [Xe] (5d11)4.596 (5d6)4.922 (686)0.368
(6Sf)1'114,

R BB Au FEEA G 7 A FOAN[R] & A4 G5 1 1 A% % ORI 45 5 e

Table 1 Lattice constants and cohesive energies of

fce, hep and beeAu in basic atomic state

Atom ] ) Lattice constant, a/10™ ' nm Cohesive energy, Ec/(kJ* mol™!)

gl Electronic
bee strueture fee hep bee fee hep bee
@ (5da) 8(5de) *(6se) ' (6sp)° 4.038 1 2.8552 3.2142 368.9 369.0 372.6
® (5da) 8( 5de) *(6sc) O 6sp) ! 4.1199 2.913 1 3.279 8 249. 1 252.3 253.3
@ (5da) 8( 5dc) 3(6se) 2( 6sp) 4.180 4 2.9559 3.3284 344. 4 344.5 348.0
@, (5da) 0(5de) 3(6sc) ' (6s1) ! 4.2622 3.0137 3.394 1 261.4 264. 4 265.7
% (5da) 8( 5de) 3( 6sc) O( 6sp) 2 4.463 1 3.1556 3.4789 174.7 182.9 185. 1
% (5du) *(5de) 8(6sc) ' (6s1)° 3.8743 2.7393 3.1035 538.3 538.5 537.8
@ (5da) *(5dc) 6(6sc) O 6sp) ! 3.9307 2.7793 3.1281 395.9 398.7 401. 1
% (5da) *(5dc) 3(6se) 2( 6sp) 3.9759 2.8112 3.1862 519.6 519.8 519.0
® (5da)*(5de) 3(6sc) '(6s1) ! 4.0323 2.8511 3.209 6 421.8 424.6 427.4
20 (5da) *(5dc) 3( 6sc) °( 6sr) 2 4.099 1 2.898 4 3.2632 311.2 318.7 318.3
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Table 2 Composition and properties of fce, hep and becAu

Composition, ¢/ %

Cohesive energy Lattice constant,

Structure - = .
® State 1 & State 2 ® State 3 Ec/ (k] * mol™ ) a/ 10" ' nm
fee 34.6 30.4 35.0 368.6 4. 065
hep 29.8 51.8 18.4 367.6 2.856
bece 31.6 50. 4 18.0 364. 6 3.221

: : 0 / 0
0 025 050 075 1.00 0 0.25 050 075 1.00
State 1 State 1
(c) 0,100 (d) 0,1.00

/ £ L 0 £ z 0
0 025 050 075 1.00 0 025 050 075 1.00
State 1 State 1
1 fee, hep Al bee Au =320 877

Fig. 1 Composition positions of three state hybridization of fce, hep and becAu

(a) —fce; (b) —hep; (¢) —bee; (d) —Comparison

R=10.132 1 nm; 0
(bbcc — [ Xe] ( Sdn )4. 632 ( Sdc )4. 872 (680)0. 360
I 13 1—fece
(6sr) ", 500 - 2 —bee
R=0.1322nm. oA 3—hep
=
= 1
At o
2.2 WEER s 0
2.2.1 HEERREL Ny
" " 500 L 2
ne Mm. AREMATAEE W. (r) PHITEE, ro 200 3
HPEPIRAS Bl AR R 8RR, E. N4 AaE, W fec,
hep Fil bee Au 9 W (r) #3403 FIE 2 P . 400, 4 6 8 10
2.2.2 LRI R BN AR AR #/10-! nm

Debye Griineisen #8 S5 W15 4 JlioR, 26#4
2K R BT S s 2 ILSCHRT 23], B3 i T
I R L A% T TR AR L B AR A

2 fece, hep Ml bee Au B34 RE #h 28
Fig. 2 Potential energy curves of

fee, hep and becAu
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2
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300 600 900 1200 1500 0 300 600 900 1200 1 500
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z 2
T 172 T 134
= :
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164 1 L L I 1‘32 1 1 1 1
0 300 600 900 1200 15060 0 300 600 900 1200 1500
T/K T/K
178 © &3 fec, hep Fl bee-Au I RIBE R Z 3.
176l 1 —fee BEER. FFE8. ng8XEm
2T hep e A R O A
174 & Fig.3 Temperature dependence of
ki 175 2 linear thermal expansion coefficient,
) B ; .
5 1 lattice constant, atomic volume,
170 single bond radii and bulk
teak 3 modulus of fcc, hep and bee-Au
(a)—Linear thermal expansion coefficient;
1660 360 6(I)O 960 1 2'00 1500 (b)—Lattice constant; (c)— Atomic volume;
/K. (d)—Single bond radius; (e)—Bulk modulus
=3 fec, hep M bee Au B W, (r) PR SRR x4 fcc, hep F bee Au Debye Griineisen
Table 3 Parameters of potential BRALHE ST IR 7T 5 2 2
function of fce, hep and bee Au Table 4 Constants of linear thermal expansion
; B for fce, hep and bee pure Au metal
ro c
Structure " e 10~ ! nm (kJ* mol™ 1) Structure Qo/(J* mol™ 1) k O/ K
fec 1.233  2.847 2.874 368. 6 fec 619 087 3.5010 165
hep 1. 105 1.421 2. 856 367.5 hep 615331 3.2384 164. 8
bece 1.138 1. 807 2.789 364. 6 bee 616 186 3.3007 164. 1
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AP A R ) AR A R 2
2.2.3 JRFBhRERIFEE

JE B e A RE L AR S R LI 4.

H T XL B BT e R LR, MK 3 Fil 4 R
HUOK, 298. 15 K Flgs fi g4l b A7 6k b, &5 541
T&5.

3 SRS
3.1 FEFRE

A OA BLRTTEST R 55— R CAS
TEP( Cambridge sequential total energy package)
P2 B 28 1 7 2 76 M vk ( LRC) P (1 45 AT T %)
Fb(# 6), i REW: OA P hep Al bee Au [H) 45
REFE—JRHAEF IR, fecAu R d HTHAEXS

Rk, HEEFEFZ fecAu BT 45 LN d
LB AG . X— 45 R 3 fec Au FEHE PR 45
FE) ) PR SR AR AR R, TR T AR R K .
BRI, BT gt R RCE, R
B BT 2K . AR IR RE R, 3 PR A s
TR RN 4R 2R 45 40 fee> bee> hep s
JETARRRAE N RN 2 8 S ERIMES,  H A 4
st R E, I HARIEA A5 R 02l
J& Au BT AR 2 R e, BrbR)a
TR AT KNFEREA: fee> bee> hep .

YDIB MER

h TR L B R — b, X H T
SR PR 3 (0 40 B T G A SR ) 45 SR 1R AT X
E . A SCB0 KIS OA BRI 9 45 B (5 4% o 20 11

3.2

04 @ ~-3.68 ®)
03+ = ~3.72
"|" |
: :
%‘&; 02 3: -3.76
0.1f -3.80
0 3(,)0 6(')0 960 1 iOO 1500 _3'840 ﬁ 6(I)O 960 1 7100 1500
/K TK
4 fcc, hep Ml bee Au ¥ 5 3l e A A fie i il 52 1) A2 4k
Fig. 4 Temperature dependence of atomic vibration energy
and potential energy of fce, hep and becAu
(a) —Atomic vibration energy; (b) —Atomic potential energy
£S5 fee, hep Al bee Au 76 0 K, 298. 15 K FIUEE 55 4 BE M 6} B
Table 5 Properties of fce, hep and becAu at 0 K, 298. 15 K and 1337.33 K
Stuctite  T/K W1008K'  @/100'nm  V/103nm® R/10"' nm B/IGPa  &/(eV * atom ') &/(eV * atom™ ')
0 0 4. 065 16.792 1. 331 173.77 0 - 3.820
fee 298. 15 14. 17 4.078 16. 960 1.335 173.20 0.0615 - 3.808
1337.3 19. 96 4. 150 17. 871 1. 359 170. 21 0.3300 - 3.742
0 0 2. 856 16. 480 1. 321 174.53 0 - 3.808
hep 298. 15 14. 19 2. 866 16. 645 1. 326 173.96 0.0615 - 3.796
1337.3 19.49 2.916 17.528 1. 349 170. 98 0.3300 - 3.731
0 0 3.221 16. 706 1.322 172. 26 0 - 3.778
bee 298. 15 14.19 3.232 16. 873 1. 326 171. 69 0.0615 - 3.766
1337. 3 19. 60 3.288 17.772 1. 350 168. 75 0.3301 - 3.701
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Table 6 Comparison of atomic states of fce, hep and becAu at 0 K by various methods

CASTEP 0OA LRC!#
Structure
d S p s+ p d S p
fee 9. 65 0.73 0.62 9.304 1. 696 9.464 0.772 0.610
hep 9.64 0.73 0.63 9.518 1.482
bee 9. 65 0.72 0.63 9.504 1.496
RxT NI EVRI fee, hep Al bee Au 0 K I B 56 He
Table 7 Calculated properties of fce, hep and becAu at 0 K by different methods
a/107 ! nm V/ (1073 nm? * atom™!)
Structure
0OA CASTEP VASP LAPW 0OA CASTEP VASP LAPW
fee 4. 065 4.160 4.173 4. 106 16.792 17.998 18. 167 17. 306
2. 856, 2.925, 2.927,
hep 16. 480 18.411 17.732 —
c/a=1.633  c¢/a=1.699 c/a= 1.675
bee 3.221 3.306 3.319 16. 706 18. 067 18. 281 =
&/ (eV * atom™ ) B/ GPa
Structure
0OA CASTEP VASP OA CASTEP LAPW
fee - 3.820 - 3.1830 - 3.2026 173.77 174.13 180
hep - 3.808 - 3.1746 - 3.2018 174.53 161. 10 —
bee - 3.778 - 3.1995 - 3.1829 172.26 151. 34 —

SLOTVEILSCHRL 29]) 56— R B CASTEP #1 VASP
PR DL RGN~ T 3 LAPW 53" iy 4
AT T X, &3R5 TR 7.

MELEXFLE T 0. OA 15 301 fee 45K B & kS
WRAR TR S LAPW 45 B & 4%3E, CASTEP
5 VASP 25 R fdzir; OA 1531/ 3 Fh g ]l 11k
FURNUT 4 fee> bee> hep, 55 VASP 45 H i
1T, Bl hep &5t TR &/, FH H fee> hep, X
FEE RN R T A AR 1 22 R IE R TR T
#hE, OA 4505 VASP —%, HK/NH: fee< hep
< bee, B FASAREMA: fee> hep> bee; XA
PEREE, OA 5 CASTEP 45538 bee 45 #I{H i
N TEHL A T IS DL T, bee Al hep 45
PR3 Re 22 S AR 1T BE 2 BB Y 1 IR BE 22 R 0
(1, Ak, & XA d TR Ta= na/V A s
HFWRE Te= ne/ V MEHBEFRE T = n/ V X
3AARIATX LG, G5RP TR 8. R 8 vl W
FhEE I B BB TFIRE T Z3RN, FR, hep B
N RF AR R B I IR EE, FFOE Tl
b bee BIER, MM RETER, dks AR E .

BEE R BT, AR B /S, LR/

F 8 hcp Al bee Au B HL 1 BE AT EL
Table 8 Concentration difference of

bonding electrons in hep and bec Au(nm™ )

Structure T ed Tes T
hep 298. 67 22.33 67. 60
bee 291.63 21.55 68. 00

J¥A: hep> fee> bee, IXFEHIE 3 M4 Debye
T AR 5 AR 72 57 P S 208 . T Debye Wi £/
75, 1E12 ] Debye Grineisen B8 U1 571, 3 Ff
LR AR R B R T Bh REAH ZE AR/ . A 4
AR 5w F: 3 MhEi A IR iR 51 RE G IR 5 (10 18 T i
JERIATHEEN 4.2 5%, RYRRE BT R R 7
BN RE R A IZ K T4 fE .

4 it
1) fE44 RGRI2E(SSA) HER T, &M 448

FLR T (OA) i A1 Debye Grineisen 7 X} fee,
hep M bee Au HIHL TS5 M BEAT TS, KL OA
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WAFEI) hep M bee Au B4R 5 25— R #1453 21 1)
EH B, M fec Au 1 d BT HBAEXMRAL, JARA
JRPR I fec Au BT S50 TR SEAT d BT Ho A,
XFEH fec Au A BN B4R, AR KK
JETAARR

2) JR T ARBAE N A 2 B B,
AR SR A L AR IR R TR, AL AE R AR W] 4l
BJE Au BB AR S R AR UE, fEIR
ETRIERE R, 3 P R I T R S AR RN
H: fee> bee> hep, FHMNIJR FARFIK /N A fee>
bee> hep .

3) Wk 5 — B A LT, RIL O0A
BT 3 Bh SRS T A RERY 45 R 55— i
HVASP 8 BRF#Ha8 KN fee< hep<
bee, MIMZRBA 3 P& M d Mg A2 2 0 fee> hep
> bee; hep #l bee 258 B FRE T 5 JR 1A F0
AR S 32 RIE T 2 PR A B KA B IR BEAR AE
BKER.

4) 3 b4l Ky B 7 3l RE R L R B0 5 e 52K
Y aem 4.2 5, WA BT R T 3hRe AR
i KTHfe; LK R B0 R 30 58 72 il 1R /)
) =R EIAE T 3 451 ) Debye i 2 AR H 00 .
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