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" By

Bl /A E/eV B/(10" Pa) (mefl/z) E} feV
SZEGMH 3.3008  7.57 1.710 2046 2.64
A3 -

w3008 757 1.710 2050 2.64

#3  &JENbIYFS RSEIE I H %
Table 3. FS potential parameters of metal Nb and

fitting mean square error.

¥y

/108 % a ) AfeV
JetE
T 663447 0262198 0.138974 0.0184461 0.636219
e

6.63447 0.262198 —0.138974 0.0184461 0.636219
IEIR
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6 HEHBWRIEE R
6.1 GHMEEH

PGSR 3 7 S BB S RPERER R,
FIH TS R EOTE T 4 )8 Nb B 3 il 7 ) i
PEH RO . g5 R AR 4 a2 45 8E.
R APEIETTLIESR, BRT Oy MER KN, HAe
2 RS T S .

6.2 [EIPRFZAK BE

HRAESE 3 15 B SR B AR TR BB O R,
FIFH BTSSR BT T Nb 1A ] 8] B 4 75 ) (7]
BIERLRE, &5 R UL 5. Ho ) FS(87) — 2 % &
SCHK [22] B & B IE ) FS #8515 19
[RIBIE B BE. b T F 54 S EEHT LR, A
SCAH I SCHR [22] B9 S pRETT A T 45 i R B RS Y i
AR B BRIE WA, 51 F 3% 4 <FS(87) Kt
—3.

W% 5 T LUE H, &Pk R R [ BOY G RE
vl (110) WEAS A 7Y A R) B AE B A, sl R
(111) WEESFAR A A, A SRR RS2 (110)
IG5 8 TR e I H R AR SC T34 S K, 49
ML JE B — Ty i AT A T g SR R Tt
—J7 T, UEBATRATT T A A B R B AT B A HE R
Jid K, .

K4 BJE Nb R A (A 101 Pa)
Table 4.  Elastic constants of metal Nb (in 10" Pa).

Cy Cn Crp c’ P,

SCEEER 0281 2466 1.332  0.546  0.5255

7T BEENBIE

N YT ST B4 B R RORE S A At SR [R] B E
JRE, AT TR R B AT BE B AT AT B IR, 2%
BUIMAE IE AT A A 2R, RIS X 3 e K ik
3 (6) AAEH—ITBZ I L —I,

V() = {(r—c)4 (co—i—clr—l—chQ) —g(r), r<ec,

0, r>cC.
(32)
HAEEBUEA AT, HAZES — 4B AR,
{g (r) =1.5(re — 3 < e, (33)
g(r)=0, T > Tle.

B MARATNE I A RS EOF TR, &
BINABIESS 515 2 MBS BULT- A 221,
HIHME IE 7 135 s A0 55 (0 2544 284 (1 1) B B fiE
EI0/IN, AR SCREAE AT — € B 22, ks
X PR TIE IE.

B (BT B ICRE AT 3A0E P4 AR FL AR, 4
B IETA R, HPUE IETUE A (34) A0, 315
SERALIE HAMA.

2 2
g(r) = g(rle —r)° - g(rle —7)’
17
_ g(’l“lc — 7“)6 —|— 3(7”1(: — 7”)5
42
+ E(rle — )t = 6(re — r)°. (34)

T IE R RS S 2k | A 800t St £ K% i
BEMA NP 2 B, O 1T HegR, R4 i 1 3¢
Mk [2], Kt SCHR (2] pRBOE 2R BB IE B R 215

AR 0.567 2.343 1.393 0475 0.4134 =SRAR Y R 2.
#5  &JE Nb EBIE e
Table 5.  Interstitial formation energy of metal Nb.
Fsl2 FS(87)22 FS(87) A3 DFTRY  DFTE ASCTABIET AR BIET
4.2 4.2 4.2 5.31261 5.31261
Cutoff
d 3.915354  3.915354 3.915354 5.0709 5.0709
(111) crow 4.857 4.10 9.037 5.254 5.255 15.487 6.977
(111) dum 4.795 — 6.610 5.253 5.203 10.749 7.775
(110) dum 4.482 3.99 5.930 5.597 5.684 7.148 4.425
(100) dum 4.821 4.13 8.385 5.949 6.005 13.844 7.616
Tetrahedral — 4.26 6.893 5.758 5.733 10.659 6.371
Octahedral — 4.23 6.850 6.060 6.009 11.069 6.659
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AR L, Hd B, by, o AHESELG SCHR [22] 38
T X6 L A H D ] A AR %) O S B s 2 T
200, FE/NT 5 — B4R & T — 5
K(ro—ry)" BREL, BT T 5% pRBCTE 3T 1 25 s 2K 1) 30
4, Hoh K n 3SR
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= 10f — X
~
Z o8t
n
g L
A 6
4k
o b
O 1 1 1 1 1 1 1
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Distance/A
30 A\ | (b)
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o 25 F\ \ — CER2] R
2 \ — - RTAEIEI
g 2010\ . — ASCHHEEI
K
E 15¢
[}
a
.E 10_
~
5_
ol-
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T
30 ) n C
3 ‘.\ - - - k(2] ©
Z o5 H| — STHR[21Y R
kS \ — = ZRICTABIEI
£ 20\ —— ARSCHHETEI
i
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5 15t
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S
s 10f
2
B
L‘Ls:» 5
m -
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K2 FeRfutizk  (a) THEIMZ; (b) WML, (o) A
RO i £

Fig. 2. Potential function curve: (a) Electron density curve;
(b) potential curve; (c) effective pair potential curve.

MR E | REE M BB, HEF Tk
Ko INBEE E &, X RREL (19— o) KL, © < 5
BF, B n A3, ihZend R dok o, it
3 Ao TR pR A 36 I i) 22 3 AT LASRAS L
BamE i ge . i TR R AL 0 )R Z [ A
YEFIXT T BRBRE A SRR, PRI AS SCHETRT BT 1 R
YER HARE, 38 a3 20U R e R 8L, e
155 (34) X ABIE I, i AT /9 0 4% 1E 350 7Y
Nb S eRETH3 1 B BRE s ae 2 i BRI TR 45

8 it
8.1 FREHAIHEREIEEER N

R E S AR TERE R O R RIB AT LUE
PRBIH S A PR — B . B S EE X AR g
AP RS IR. G0 A (11) 28 (20) 2XAT LA
A O SRR TR RS — . L R
AEHY RIS RSy P A A (13) 2K
(27) —(30) AT LA i 0T 4 pR 85, H 525 B bR
B DR Z AR EAR I f(p) 75— . =im4R
AR | R XA B S RO S A
(15) 20— (18) & (21) AT LA X 4 pr%h . L
T R, DA Z R EAE I flp) RS —
— L ZIRARAL R X 5 RE ARG M B, AR
AE . 2 ALRESFA . LLBAUA TS R ek B0 T
AW S SR SIS ER B E R ek Bt £ 4
2 SC AR A (1] B £ 445 2L 18 R g S i 4 A 30 T
AT R, HETTAZIME I3 pR By H Y.

AR SO S LME o R B T 2Ok 5 54U
BUR IR, JFIR SR [2) HL 5 1 RS X
BREOE N

{¢(T)( —d)°, r<d, (35)
6(r) =0, r>d,

=(r—c)®(co+eir+er?), r<e,
{V(T)( )" (co+errtear?), 7 < (36)
V (r) =0, r>c.

FAETTE, LR R EOE 2 Ak 2 4 B
A

c=+v2a+0.8 <\/21>1a—\f2a>,

d=+v2a+0.5 <\/2ﬁa—\/§a>.
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i FHAS TR =X 0 45 15 o880 SOk 34 o B0 X
I 2 v B SR E AR LA IR A A S pR 2 S 4
#* 6.

2 6 T LAE Y, AT 3 HEIE L& S8R
A, SN R BOE AR, 5 3 S 55e 4t
], & FASCEERL A A SE il LA 8%
B, Ergy M BN FHAT BEOR, el B 5
SEME A R MR AR — . = S ARBALAME . BER
A 6, i JE — R R g H XN T — T SR 43
M EATIE IE, X P& IE IF B A el th e 7e 5
— I RSP A L R R, IS RS
FIFA RS RO A . Wl R0, 20 A 25
T HBEEE A E S, PR RS i HER
AR I e AR 2SI AR AR A L R SR, BLE
PSEORAE.

i RS 25 SR B0 TR R 1 ry e s
B, RIHE 25 AR S AARB R 7E )y 250 [l 558
SR — B0 BRILG BE 2SN £ Wy B T2
RWET.

M TRILIEH, B 1 3R 53R 4 PR
B 5 Y] BRIE B A T B A 22 B K, e 2
C'HEL T BRI O, IR as g # R 0P XS

G TV RBNE =48, 55 2 FIEE o TR ARt
POREL, F IR Z I AE U 7SIk EZ I, PR
T2 N R AR R EOE 2, 25 R s, (15505
EAH HEAT SR A 22AR . 45 3 21 AR SCH H 0 pR B0
K, B TR E BB R IE S, X # g ek
VSV E ATIEN 0I5 W L o G S AR
s, fELE B] BT B RE 1 25 ST R 32 5 S B 1.
55 A BIFNERS 5 HNEE A A mi il (33) =LA (34) =X
XPA SRR EGHEA T THEIE, st BN T4 —
P RRHB AT RS 24T T Ak, S5 BN F
WHROLT-BAT 7, J5 5 AR 4S50 52 A
[F], ARSI AT ol 4 R BT 30 B 3 AL 1 R Ak A 3
B A X S e Ae 5 — . =, =R ABAL IO fE L &)
IR, TP AT T A A 2 S T R
T 1) A PR CHE A5 S AR A AL | A8k 2 R il R A R i)
PR I 3 o 6 T 3L 1 i 30 R 2 SR I A R
55 A 5VEE R R BUY AR S AT 3 51 B AH LA
REARR, T 55 8 B AR (AT B BB 119 S B 45 R X A
SCHXT AR BGIEA T I HE— 2B IE 2551, AT LA
] B B RS e T SR AR, 32 T DL 1,
SRAR SCH L () () B RE A it 52 114 . & AL AR SC )5
AE IESZ A [ BRBE I 45 5. SO i FRBs+ 5

#6  AFREIEAHSE

Table 6. Potential parameters of different functional forms.

PREOE (35), (36)3X (35), (6)3X (5), (6)3X (5). (32), (33)2X (5), (32), (34)3X
¢ -20.2072 ~14.0543 0.262198 0.262198 0.262198
o 15.4683 11.0332 ~0.138974 ~0.138974 ~0.138974
e ~2.81702 ~2.04351 0.0184461 0.0184461 0.0184461
A 1.28710 0.636966 0.636219 0.636219 0.636219

£ 7 ARREOEA S YRR T AL
Table 7. Calculation results of each physical quantity in different function forms.

PREOE (35), (36)= (35), (6)z% ), (6)3X (5), (32), (33)=" (5), (32), (34)%
Ch 8.19854 2.05366 2.34302 2.34302 2.34302
Cis ~2.88593 1.53817 1.39349 1.39349 1.39349
c’ 5.54235 0.257745 0.474767 0.474767 0.474767
Cy -3.20776 1.21374 0.56664 0.56664 0.56664
P, 0.160915 0.162217 0.413424 0.413424 0.413424
Octahedral ~75.9256 14.5432 11.0693 7.9909 6.65925
Tetrahedral ~80.0616 13.9223 10.6593 7.53737 6.37076
(111) crow 89.9140 20.9320 15.4871 11.0992 6.97688
(100) dum ~947.486 15.2250 13.8439 9.57021 7.61644
(110) dum 954.052 5.00180 7.14750 4.56348 4.42502
(111) dum 72.3004 17.9239 10.7490 8.12406 7.77466
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. S ORF L 25 R ok Y T BE S d = v2at

@af ﬂ)TE 8 % 7 1 3 5 7 B
B O LA B, TR T 38 R b
S A L, X B RS AT B BT

c= \/§a+x(\/7ﬁa—\/§a), (37)

22 43 HIEL 0.55, 0.7, 0.80 B, £ i3t iyt
gEIRAN 8 FiR.

8 DM T A R R AR

Table 8.  Calculation results of each physical quantity

0.5

under different pair potential cutoff distance.

TR z=0.55 z=0.70 z=0.80
¥k 1.9669 x 107 1.3307 x 107 6.6345 x 108
B 1.06741 1.06742 1.06742
Y100 0.128159 0.12808 0.12808
Ef 2.63998 2.63999 2.63999
Ec 7.57 7.57 7.57
Ch 2.33551 2.34081 2.34302
Cis 1.39724 1.3946 1.39349
c’ 0.469137 0.473105 0.474767
Cu 0.570392 0.567749 0.56664
P, 0.413424 0.413424 0.413424
Octahedral  6.93421 6.76073 6.65925
Tetrahedral — 6.62507 6.46365 6.37076
(111) crow  7.45171 7.15594 6.976883
(100) dum 8.30897 7.90098 7.61644
(110) dum  4.80878 4.59369 4.42502
(111) dum  8.06717 7.89704 7.77466

2 8 T 4 A RdE S B, 7R 20
WSR3 5 59 178 5 I A ¢
AR, JLAP TR B T, 4R E R AWM. J5
6 T8 N R BRRE AT LS R, FTLIA ), BT

IRESAAIR, 5 2 = 0.8 B3 J7 22850/,

W, 7S SCHE PR F X0 3 R X0 A T B B e =

ﬂwo.so(@a_ﬁa)xﬁ, Y8 7 1 e T

WL PRBURRTIE EY, odHUh 5 R K, A i
IR EOT A BRI PERE, T3 s B
WM I

d:\@a+y(%a— \/ia). (38)

4y 35IEL 0.45, 0.50, 0.60 I, 4Ry ElE 35
SRR 9 PR,

9 RIEI LR R EE B T R A R A
45

Table 9.  Calculation results of each physical quan-
tity under different electron density cutoff distance.

R
W2 1.57065 x 107 6.6345 x 108 1.08929 x 1010

y = 0.45 y=0.50 y = 0.60

B 1.06742 1.06742 1.06742
Y100 0.128111 0.12808 0.127726
Ef 2.63999 2.63999 2.64000

Ec 7.57 7.57 7.57
Ch 2.35341 2.34302 2.32299
Cs 1.38830 1.39349 1.40351
d 0.482555 0.474767 0.45974
Cu 0.533568 0.56664 0.627336
P, 0.427366 0.413424 0.388087
Octahedral  6.42699 6.65925 7.07134
Tetrahedral — 6.14925 6.37076 6.76314
(111) crow  6.63230 6.97688 7.59196
(100) dum  7.50874 7.61644 7.80542
(110) dum  4.53049 4.42502 4.23158
111 dum 7.28896 7.77466 9.07468

M9 al LUA #4477 8ds A i, e
Y975 22 N S SR A R — 2L, R sk R R A
BRIE BRE Y 25 SR BB ALK, TEASCRITE LT,
4 B AT X A R AR PERERZ R AN K. AR
AR 7 3 BEAT AU AR AE A I B AL A AR
Jeitfi R, HASSCEAT T i A B R 4R A i 1
O, TR AR T JE FEl N BEAT Hh BUEF50
ARk, PR T 2O RS R LT B . 2
JEARRICHA 75 20 R BT 0BT, an (9) XAY
TE, AN TR] ) AT 2 0 e rr) b 38 il oA
M, T T % 1y B AR P 45 SRR 2 P LR RS TR 93 4B,
WA AR S AR ST IR AR L, AR AR
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Abstract

Researchers’ work on computational materials is often hampered by the lack of suitable intera tomic
potentials. In this paper, under the framework of Finnis-Sinclair (FS) potentials, the process of fitting, testing
and correction of interatomic potential is given in detail by developing the FS potential for metal Nb. First, the
relationship between the interatomic potential and the macroscopic properties of the material is established.
Then, the Finnis-Sinclair potential of metal Nb is fitted by reproducing the experimental data, such as the
cohesive energy, bulk modulus, surface energy, vacancy formation energy and equilibrium lattice constant, and
the fitting mean square error is less than 107. In order to test the interatomic potential, the elastic constant,
shear modulus and Cauchy pressure of metal Nb are calculated by the constructed interatomic potential. In
addition, how the form of the interatomic potential function affects the interstitial performance is discussed, and
the constructed interatomic potential is modified according to the results of density functional theory (DFT) of
the interstitial formation energy. The treatment of cutoff distance is also discussed. In the paper, the results are
as follows. 1) The original form of FS potential is not suitable for extending the atomic interaction to the third
nearest neighbor. Through analysis and test, it is found that when the modified electron density function is in
the form of the fourth power and the form of the pair potential function is in the form of the sixth power
polynomial, the interatomic potential can better describe the interatomic interaction; 2) The result of interstitial
formation energy is taken as the target value to modify the behavior of the pair potential function in the near
distance, and the modified interatomic potential gives the interstitial formation energy close to the result of
DFT. When the interstitial energy calculated by the interatomic potential is larger than the target value, the
pair potential curve of near distance will be softened by the superposition of a polynomial term, otherwise, the
pair potential curve will be stiffened; 3) When the physical quantity under equilibrium state is used as the
fitting data, the fitted potential parameters and the elastic constant results will not be affected, while adjusting
the curve form of the potential function, as long as none of the function value, the slope and the curvature of
the function curve is changed at each neighbor position. The magnitude of interstitial energy will be affected by
changing the shape of the curve that is less than the first neighbor range; 4) Under the cutoff strategy in this
paper, changing the cutoff distance has almost no influence on the calculated results of potential parameters or
crystal properties, but has a slight influence on the mean square error of the fitting results.

The results of this paper provide some information for the construction of interatomic potentials database,
and lay a foundation for constructing the Nb-related interatomic potential of alloy. And it also provides a
method and basis for developing and improving the quality of interatomic potential.
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