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W S5 0% BF,  NF, 7> FEAT 454 44k, 15 2]
HAERK Ry B o BERRAE D, WA 1. MIN153) &
BRI C,, , FB5 510 X°A, 572 A
X2, 530

# 1 XF,(X=B,N)FEEILMRAT R LR

; D, (FX
ST () Tk Reox/mm o/(%) L0 L
BF, (X?4,) D95 (df,pd) 0.13138 122.928  3.9374
D95 + (df,pd)  0.13117 122.592  3.9373
6-311 +g(df,pd)  0.13055 120.896  4.3026
6-311 + +g(df,pd) 0.13105 121.982  4.2909
ce-pvdz 0.13275 121.003  3.7002
g A 0.1308  121.5 —
SEag ok L) 0.13119  122.9 —
NF, (X*B,) D95 (df,pd) 0.13538 103.009  4.7747
D95 + (df,pd)  0.13532 103.35  4.7351
6-311 +g(df,pd)  0.13345 103.519  3.2995
6-311 + +g(df,pd) 0.13348 103.542  4.6005
ce-pvdz 0.13561 103.261  3.1043
g 0.1345  103.3 —
SR gt L] 0.13528  103.3 —

1 PRRIGEAF AR RMEK R, A o
SR EE R B, /T LUE 1) BF, 701 R D95 (df,
pd) FEZH AN NF, 437K D95 + (df, pd) FELH G F
EAE A & 2 i M [ I | 3 B TR A S D 3 O
NF, 53 F &G0 13 BHRSR v (4R
IR v, (o) BRI v, () AR
AR vy (b)) B H R WK 2.

F2  XF, (X =B,N) B Piah i i Rimg

34 BF,(C,, ,X?A,) NF, (C,,,X*B,)

Ry ¢, Rp_x/nm 0.13138 0.13532
a/(°) 122.928 103.35
D.(FX—F)/eV 3.9374 4.7351
v, (a,)/cm™! 531.3993 583.6755

v,(a,)/em™! 1185.5934 1015. 1432

vy (by)/em™! 1456.7413 1116. 3247
St fon/ a0 0.47972 0. 34695
S S /a0 0.05730 0.06870
Soa (@) 72, 1. 0.03770 0.04792
SiaJ2a/ a0 0.26650 0.47599

2.2 XF,(X=B,N) A FESHNSHEmEXH

AR S 53 SO ) 2 SR ) S B,

(X°A,) NF,(X*B,) o] BE M) B8 i B3l oy
B(*P,) + F,(X'3]),
BF,(X°A,) — {BF(X'3") + F(*P,), (1)
B(*P,) +F(*P,) + F(*P,).
N('S,) + F,(X'3)),
NF,(X’B,) — {NF(X’3 ") +F(°P,),
N('S,) + F(°P,) + F(°P,) .
XFFIL XF, (X =B,N) 1, LL R, ,R,,R, 4}
MR X—F , F—X , F—F B[] | B 3 55 7 i
O DU LA A PR 1 2 A
V(R,,R,,Ry) =V’ (R) + Vi (R,) + Vi{ (Ry)
+ Vi (R R, ,Ry) (3)
/H\:EF' Rl =R2 :RXF’RS :RFF’V;ZF) (Rl>svl(7§() (Rz>,
V) (R,) 43R BAIT BF(X'S *) 8 NF(X’3),
F,(X'S ) M RERREL, ViRl (R, R, Ry) A =T
BF,(X°A,) ,NF, (X*B,) Fy5RE sR 5k, PO 1A I 5 = {4
T4 BE R AR AT B L5 R AT
2.2. 1. B4R BF ,NF %58 % 4
AT SFRE XF, (X =B, N) 43T 1 2410 &
IR RREL, A SO AR T 43 12K Murrell-Sorbie
HREREOE K
V=-D(l+ap+ayp +apexp(-ap),
(4)
Hrb D, R F R Bf#GE,p =R - R, , T R,R,
53 A US43 10 % 8] B AP AZ 1R a L as
ay HUESEL
435 & Fl QCISD, CCSD, B3LYP, B3P86 %5 /7
B, EH R4 D95 + (df, pd) , D95 + (2df,pd),
6-311 + + g(df,pd) ,6-311 + + g(2df,pd),6-311
+ +g(3df,2pd) ,6-311 + + g(3df,3pd) 55 Xf BF
(X'3%) ,NF(X’Z7) 4y F HEAT LA AR A A0 50 R 1
B 5 SCHERE 525 (E B X Ee, & B X BF
(X'3*) [ CCSD/6-311 + + g(3df,3pd) 735
BB 45 R/, X NF(X°Y ™) H B3LYP/6 - 311
+ +g(df, pd) LA B 1) 45 R L. A6 0k 5t
it Er % BF(X'S*)  NF(X°3 ™) #4780 5 fE 4
5, HE— 250 1 5 45 R A5 A Murrell-Sorbie 34 AE
PREL. BF(X'3*) NF(X’3 ), F, (X'3") IEEW
Murrell-Sorbie #fE pREL ) £ TS KU UL 3 3. H & 3
AR HIIAEHM BF(X'SY) NF(XP3S ) EA
[ Murrell-Sorbie #\RE PR 1Y #5101 2 K4 5 52 56 {EL AR
Fb 38 31 T8 e RS B

(2)
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F3 BF(X'3*) ,NF(X*37),F,(X'3* ) ) Murrel-Sorbie $f pRES5L

1

3

T (HEE) Tk R/nm D/eV a,/nm” ay/nm 2 ay/nm
BF(X'3*) CCSD 0.12628 7.623 30.57 132.73 2750.
FLUfE 13 0.12626 7.6 32.00 193.00 2926.0
Sk AR 0.12720 7.72 33.08 202. 11 3107. 1
NF(X*3") B3LYP 0.13174 3.543 45.55 462.6 288 2
FEUfE 13 0.13170 3.570 48.95 657. 1 5197
SRk 20 0.13079 4.47 48.25 626.2 5104
F(X'3) SCk s 2] 0.14119 1.708 63.44 115.4 1038

Bl AT 2 35l & 88T BF(X'S"),
NF(X°3") RS mEHaeih &, o Si& il G
192 #9 Murrel-Sorbie 3\HE bR 22 , 5] P& 26 0 PR
REFA 2. & 1, & 2 b LG Bt 4 5 5 B
AL LA, AR N A AL Y A 2R 2 A G A A
I ULIH LS 15 3] 1) Murrell-Sorbie #VHE RRIAHENS 1E

WM e BF (X'3*) , NF (X3 ) T HE |
Murrell-Sorbie 3GE PREL 5 T8 £ R LU LT H 4L
56T s 09 6 &, W LA i 45 2] BF (XS,
NF(X’37) F, (X' OG5, 45 R 0L & 4.
FAH AR BE(X'Y) NF(XY) D
TERE 5 S IR (A AT FL IR B T8 RS

8 o 5 a
- o FT#ME 4+
4 -
. R
L 2
>
{ O [~ wmn«ﬂuu\(\l(u’:wmmum({lu’mu(uuIunm1muz((«(U(u‘uwmmuu >ﬂ O B
N i .
_4 — 74 -
_8 —
+ | ) | | _8 1 1 1 1 1 L
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6
V/nm V/nm
Bl 1 BFEEMHEEML [§2 NF JEZRpREEML
F4 BF(X'IT), NF(X’Z7), F,(X'3) BEik %L
DT (EEE) Tk ,/cm ™! w.X,/cm ™! B,/cm ™! a,/cm ™!
BF(X'3*) CCSD 1447.6 11.42 1.4957 0.0197
S 13 1402. 1 11.84 1.5072 0.0198
SCHikqE 2 1224.3 10. 54 1.4948 0.0187
NF(X33-) B3LYP 1156.2 9.70 1.2046 0.0149
Sz 13 1141.4 8.99 1.2056 0.01492
SRR 1184 8.50 1.2225 0.01405
F(X'3%) SRR 22 916. 64 11.23 0.8902 0.0138

2.2.2. ZA4KR BF,,NF, # %48 & 4
—ARI BF, (X°A,) ,NF, (X*B, ) (3 He sR%L, A

HSCHR[ 22—25 ] B .
Vi:F;(Rl 7R2 ’RS) = PT’

(5)

Hop P X ARIN AR AR S, RO Z AT, T Sy it A

EATIE N
P=2C,+CS, +C,S, +CS, +C,S;
+ C,S,S, + C,S7,
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T=1[1-tanh(A,S,/2)][1 - tanh(A,S,/2)] .
(7)
A BF, (X°A,) ,NF, (X*B, ) ()55 ¥4 B4R N
Co, RFRESH , Ry T 7 (W 5% H 3 v 4, AR 9 34
T PSR REAE SR DR AL P9 A6 bR B XF, (X = B,N)
PSR S 225 45 i TH 3R o i 4 P £ P 4l
W p, LN AR S RAL I AR S,

1 1

— — 0
S N/ NG P
sSi=l1 1 el ®
Sy 2 2 P

0 0 1

Krhp, =R, -R(i=1,2,3) , H S, %t R, MR, 1Y
A RO FRI, O T Rk — PR X, S, Kk
ey

L _E AT g, 45 3] = KT BF, (X°A, ), NF,
(X°B,) MY #RE PR 2L VﬁfF% (R,,R,,R,) kWb # 22 7
MNRIERB(C,,C,,C,,C,,C,,Cq,Co) FIPIANAEL
PERE A, A, AR T AR LML AL, 7T AR
A AR R A, A, RIS 2 5 B B,
(X°A,) ,NF,(X*B,) WA 2546 40 B i he M )
BT LU sE s (6) U g 7 MR RE(C, L, C, L C,,
C,,C,,Cqs,Co) . HERWF 5.

#S5 BF,(X°A,) ,NF,(X*B,) Byt #ae s = 1Rmis 5

S8 BF, (X°4,) NF, (X2B,)
C, 11.324 -4.1921
c, 1.4772 -3.4990
C, 3.8375 -2.2616
c, 6.2106 -3.6032
c, 18.0350 7.7917
Cs -29.109 -16.230
Cq 25.116 8.1343
A 0.8 0.8
A 1.2 1.2

RIEFEZ XF, (X = B, N) 311 2 1A 301 i 2 34
REPRAL, i — A0 ] il 1l L AF(E A g 141, an 1 3—8
Fis. EMGIEMT LS B T XF, (X =B, N) > AR
-l S5 R REAE.

3 EARYE BF, (X°A,) MY @M 3468 R 2, 76 [
FE L FBF =122, 928° [ L T, 15 5] F—B B X} fif
rPRsh GG A, PR b ) Bk T BF, 431
BRI ES R RE SOV S5 A RRAE. FE A 28 Ry = Ry

=0. 131 nm i B AMG —FBF I, BIFR 2l 3. 9374
eV, LU I TEIZ AP RS E 1Y BF, 70+, X 545
FPEAZE R A5 3 1) B e T 45 RARAT. 76 BF +
F—BF, PSS 038 38 A7 PG SRR ) e i, o7
F(0. 14789 ,0. 24263 ) F1(0. 24263 ,0. 14789 ) 4k, i
fLBE K 2 30.875 kJ/mol, I HAE Ry = Ry =
0.227 nm [ EHAE —# 22 BBEELHRO0.7 eV,
Ui SO HRE 8 32 P 1> S5 H A 3 T st A A g
AT,

Rpr/nm
(=}
w
T

€13 BF, 43T 3350 i 40 = sh #4 e 151 ( S5 (B £k 1 ) B o 0. 38
eV)

Kl 4 FIEL 5 530508 F JRF58 B—F 4 5 B Ji ¥
2% F—F BEER: R i SR A Re L, EATHR e R
HATE Ry, =0.227 nm, £ FBF =122. 928°4b , BF, 431
B R RE A, 290 3. 9374 eV. il LB I 1%
WTE AR E ) BE, 43 F, 545 P Ab 45 R A5 21
B RE TS RARTT.

6 JEMRYE NF, (X°B, ) [ b 32 BE R &L, 7 [
AE L FNF =103. 35° M5 B0 T, 13 3] F—N 88X FR il
PR S E AR AR AP S B T NF, 28 T2
(B i BE N AT ZE A ARAE . (I 6 WIHT, NF, 20 T35
I AA Ry p = Ry =0.135 nm i & 4FH —
PRI, BFE L 4. 7351 eV, i i) LATE B 7R %
AR SRR SE 1 NE, 43, AR FFEE T 43 73381 C,,
SR 3X G AR A 25 R B AR B 00 B A RE T4
AT, I HAE NF + F>NF, SO R 85 05 %)
TN A TG 1 i S

7 J& F A28 N—F SEHESE IHE iG55 (i 3
AEl B & N—F #7E X B b DL N—F bl
RIF ST AR R RZEITT LA Y F R T iE
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0.6

Y/nm

K4 F RTS8 B—F HEIEH: Y A5 (A A B 1A (55 (B 2 1 1] B A
0.5eV)

2.5

2.0

Y/nm

K5 BIET5E F—F SEIEH % A5 (A A B 1A] (45 (B 2 1 1] B A
0.4 eV)

Ryp/nm
o
w
T

K6 NF, 7> THASRY MRS A AR (R EL AR 1 eV)

R N JF 29 0. 135 nm &b H 2 FNF = 103. 35°
i, NF, 0 F R B i ae i ik, 200 4. 7351 eV.

0.6

Y/nm

0.4

7 F S5 N—F SEREREI Y 25 [ 55 8 ) (AR L 10 B A
1eV)

& 8 J& N JF T2 F—F HlE S IHE B AY 45 (i #
AEl BV E G F—F 8E7E X G b, DL F—F 8y oab
R ST AR R IR SO T N R e B )
(0.000 nm,0. 135 nm) {37 & K}, NF, 4 F 1) BE & i
1%, 2978 4. 7351 eV. thibnl LLvd BIFEIZ AN Y RS
1) NF, 43 F, #ES I T NF, 20 F 580 C, 45
), 3 5 25 A AR Ak 45 2R B A5 21 Y 5 A R T OR 4 SR
FHAF.

0.3

0.2

Y/nm

0.1F

0.0

0.0
X/nm

B8 N JRT%8 F—F BEHER: I 1Y S5 B S BE IR (S5 2k i (B B Ay
1eV)

BF, I NF, 7> T4 C, 45k FLAK B A 22
JoJL, B HIE W4y T B HLBE 5¢ @ AN[A], BF + F—BF,
J IV Sy ik 3 22 A e R AT 1A R N, NF + F—
NF, J28 5 #4719 JC B RE LI

3. % %

HT Gaussian03 THE K AEFH QCISD J5ik, 47
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BIE AR R EEZE % XF, (X = B, N) 70 T3S 1)F
M LT GEIRIUR | ) WS HEAT TR 2
AR T XF, (X =B,N) 7p FHEENEfRGE, JH7EI
Bl FHESI T XF, (X =B, N) 4 FHREN 2 KR
KB PREY, [FIA AR P54 fE s g il T XF, (X =B,
N) 70 F-FEAS 1Y S5 (B AR T 1 1T 8 T SR 1 1)
BHRHE. XF, (X = B,N) r FESH R €, 4514, BF,
STFREE T AR XA, R FE Y 0. 13138
nm, §Ff R 122. 928° NF, 43 FHIFEEH FE5N X°B, ,

SEAAZ ) EE A 0. 13532 nm, 8 £f 4 103. 35°. HE 4 3
fEPRELZ TR XF, (X =B, N) 2> FHSH 3 Fh4:(E
PRE R AN R £ B2 S0 00E T Z A BE AT & — i T 47
TR JUARTAE) Y 5575 OB 1 fff s B T X, (X =B, N) 43
TR WS R L. [R) I 45 A Be 18138 S e i X,
(X =B,N) a5 T A HLBE 5E 42 A ). X 26 R {H
5T XF + F(X = B,N) KR 1950+ [ i 8l 7 27 it
TSI RIS XF, (X = B,N) B BRIE I S2 16
7T 248 T BRIS AL,
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Structure and potential energy function
of XF, (X=B,N) molecular ground state
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Abstract
Based on the Gaussian03 calculation software, QCISD method is used to optimize the possible ground-state structures
of XF,(X =B,N) molecules with the different basis sets. On this basis, the resonant frequencies and force constants are
calculated with the D95 (df, pd) and D95 + (df, pd) basis sets respectively. The potential energy functions of XF, (X =
B,N) are derived from the many-body expansion theory. At the same time, according to the potential energy functions,
three equivalent potential energy diagrams for the XF,(X =B,N) ground states are drawn. The potential energy surface is
verified to be consistent with the three atomic molecular geometry. The structures and the features of XF,(X =B,N) can

correctly reappear on the potential surface.

Keywords: BF,, NF,, structure, potential energy function
PACS: 31.50. Be, 33.15.-¢, 33.15. Fm
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