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WE KM KLE CCSD(T) /aug-ce-pVTZ Fik, Zid Counterpoise FZIE , #18 T He,F~ KR K43 F
[EJAH BLVE AR . 7€ He,F & R AU BAE A RETR I/ IMEAL , BT —SENE = MAIE MRS 451, 7riX
AE5HH, Hee--F~ BB JE 0.334 nm, He---He A9EEEE 0. 295 nm, £ HeF ™ He & 52.5°. 118 T AR E 4544
ROSIR | AHEAEFRE . ARH EAEHBE R =R B A/EFHAE. 1£ CCSD(T) /d-aug-ce-pVTZ KT, FHEAEHGE
K =1.727 kJ/mol.
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K aug-cc-pVXZ(X =D, T) Fl d-aug-cc-pVTZ F&4, H T AT EA BEAEHRE . A F =K B AE
HHfE:

AE = E(He,F™) —2E(He) - E(F") (1)
A’E(He---He) = E(He---He) - 2E(He) (2)
A’E(He---F7) = E(He---F") — E(He) — E(F") (3)
A’E(He,F~) = AE - A’E(He---He) - 2A°E(He---F) (4)
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2.1 HEERABEEMEEILMEH

M CCSD (T)/aug-cc-pVTZ J7ik, 1HE TR He---F ---He MM B AEH A GET, 45585 F
1. TERREN /ML (- 1.458 kI/mol, — K s), KB—DXFRILIEL M [ R(He--F ) =0.335
nm]. FEF FEPEER, ZIEHMA(He-F --He) 19281k, £ R, (He--F ") =R,(F ---He) =0.335 nm
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Table 1 Interaction energies of linear He---F~ ---He at different values of R, (He---F ™)

and R,(F~---He) with CCSD(T) aug-cc-pVTZ level "

R,

R 0.290 0.310 0.320 0.330 0.335 0. 340 0. 350 0. 360
0.290 -0.620 -0.942 —-1.005 -1.030 -1.032 -1.029 -1.012 -0.958
0.310 —-0.942 -1.276 -1.339 -1.363 -1.365 -1.362 —-1.345 -1.316
0. 320 —-1.005 -1.334 —-1.404 —-1.428 —-1.431 —-1.428 -1.410 -1.382
0. 330 —-1.030 -1.363 —1.428 —-1.454 —1.456 -1.452 —1.435 -1.407
0.335 -1.032 -1.365 —-1.431 -1.456 —-1.458 —-1.455 —-1.437 -1.409
0. 340 -1.029 -1.362 —1.428 —-1.452 —1.455 —-1.452 —-1.434 - 1. 406
0.350 -1.012 —-1.345 -1.410 -1.435 —-1.437 -1.434 -1.417 —-1.388
0. 360 -0.958 -1.316 -1.382 -1.407 -1.409 - 1. 406 —-1.388 -1.360

# Distance R in nm and energy in kJ/mol.
Ib, U E A (Hee-F~---He) A8 (A 180°F] 30°) FIFBERNZR[ B 1(A) ]. KBS RER F Ak s
A FHESf (He---F ™ --He) K2 50°. fie)m, 9381 TAELMER He, F IR R A BEmE A, Wk2. MFE 1,
Fo ML PRl BEER A E/IME ( - 1.550 kJ/mol) 4bF 6(He---F ---He) =52.5°F1 R(He---F ) =
0.335 nm. XK T He,F ™A — 55 = AP 0T JL 2544
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Fig.1 Angular dependence of interaction energy AE at R(He---F~ ) =0. 335 nm at CCSD(T)
Bond angle: (A) 30°—180°; (B) 48°—58°.
Table 2 Interaction energies(kJ/mol) of the He,F ™ at different values of distance R(He---F~ )
and angle @( He---F~---He) CCSD(T) with aug-cc-pVTZ level

R/nm o/(%)
48 49 50 51 51.5 52 52.5 53 54 56 58

0.260 4.431 3.997 3. 648 3.370 3.252 3.149 3.0550 2.973 2. 836 2. 648 2.540
0.280 0.762 0.551 0. 385 0.257 0.205 0. 159 0. 1200 0. 085 0.030 -0.040 -0.073
0.290 -0.201 -0.346 -0.457 -0.541 -0.575 -0.604 -0.6290 -0.650 -0.684 -0.722 -0.737
0. 300 -0.813 -0.911 -0.984 -1.038 -1.059 -1.077 -1.0929 -1.105 -1.123 -1.142 -1.145
0.320 -1.393 -1.434 -1.462 -1.482 —-1.488 -1.494 -1.4980 -1.500 -1.503 -1.502 -1.49%4
0.330 -1.490 -1.515 -1.531 -1.541 -1.544 -1.546 -1.5480 -1.548 -1.547 -1.541 -1.532
0.335 -1.510 -1.528 -1.540 -1.547 -1.548 -1.549 -1.5500 -1.549 -1.547 -1.539 -1.530
0. 340 -1.515 -1.528 -1.536 -1.540 -1.541 -1.541 -1.5400 -1.539 -1.536 -1.528 -1.518
0. 345 -1.508 -1.518 -1.523 -1.524 -1.524 -1.523 -1.5220 -1.521 -1.517 -1.508 —1.498
0. 350 -1.492 -1.498 -1.500 -1.500 -1.499 -1.499 -1.4970 -1.495 -1.491 -1.482 -1.472
0. 360 -1.439 -1.441 -1.440 -1.438 -1.436 -1.434 -1.4310 -1.429 -1.425 -1.416 -1.407
0. 380 -1.290 -1.287 -1.283 -1.278 -1.276 -1.274 -1.2710 -1.269 -1.265 -1.256 -1.250
0. 400 -1.124 -1.119 -1.114 -1.110 -1.108 -1.105 -1.1040 -1.101 -1.098 -1.091 -1.086
0. 450 -0.760 -0.756 -0.752 -0.750 -0.748 -0.747 -0.7460 -0.745 -0.743 -0.739 -0.737
0. 500 -0.509 -0.507 -0.505 -0.503 -0.503 -0.502 -0.5010 -0.501 -0.500 -0.498 -0.496
0. 550 -0.347 -0.346 -0.345 -0.344 -0.343 -0.343 -0.3420 -0.342 -0.342 -0.340 -0.340
0. 600 -0.243 -0.242 -0.241 -0.241 -0.240 -0.240 -0.2400 -0.239 -0.240 -0.239 -0.238
0. 650 -0.174 -0.174 -0.173 -0.173 -0.173 -0.173 -0.1730 -0.173 -0.172 -0.172 -0.171
0. 700 -0.128 -0.127 -0.127 -0.127 -0.127 -0.127 -0.1270 -0.127 -0.126 -0.127 -0.126
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He, F ™ AL PELE R A /IMEL( = 1. 458 kJ/mol) Hef/IMEL( = 1. 550 kJ/mol) 5, X W] He,F~ A2
SELEME = MIBAEH, AR R ARER. O T A R/ IME AL B e LTS5, 2 2 A%,
BT =W G, 6E TR = AIERESM . 0(He-F~ ---He) =52.5°, R, (He---F~) =
R,(F~---He) =0. 334 nm#1 R(He---He) =0.295 nm.

TEFRRE = fMIE He,F - 4549 | He---F~ FEEJ& 0. 334 nm, H He—F KR AYIEE (0. 327 nm) 41y
K. He,F~ i He---He BEES 2 0. 295 nm, 5 He, AR HFEES (0. 296 nm) " AR$EIE.
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REm =Y gﬁj@ﬁzﬁﬁ@%ﬁﬁ’ BT 5 Fig.2 Total interactiO}::m:nergy curves vs.
RAMA v(A) =29.3 em ™', v(A,) =50.5 em Al R(He---F~) at different values of
v(B,) =44.4 em ™. 6(He---F~ ---He)
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AT G548 B AR A FHRE LA S AR RN = AR AR RE. 6 3 R, 2R DMEM N R RSN, EfREn =
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Table 3 Interaction energies, the pair and three-body interaction energies(kJ/mol) of the equilibrium geometry

Method A?E(He---He) A’E(He--F~)® A E(He,F™) AE
CCSD(T)/aug-ce-pVDZ -0.034 -1.114 -0.012 -1.160
CCSD(T)/aug-cc-pVTZ -0.069 -1.476 -0.005 -1.550
CCSD(T)/d-aug-cc-pVTZ -0.074 -1.649 -0.004 -1.727

a. The total He---F = pair interaction energy.
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3
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L RYE T CCSD (T) 2 , Y150 b 5 A T R AR Fig.3 Potential energy curves for He,F~ at
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Intermolecular Interaction Potential Surface of the He,F~ Complex

SUN Xiao-Ying, WANG Qin, LI Zhi-Ru”*, WU Di, SUN Chia-Chung, TANG Au-Chin
(State Key Laboratory of Theoretical and Computational Chemistry, Institute of Theoretical Chemistry
Jilin University, Changchun 130023, P. R. China)

Abstract High level ab initio intermolecular interaction potential surfaces of a fluoride anion with two He
atoms were obtained via CCSD(T) calculations. The computations include full counterpoise and employ large
basis sets aug-cc-pVXZ(X =D, T) and d-aug-cc-pVTZ. An isosceles triangular stable structure corresponding
to the global potential minimum was found on the He,F ™ interaction potential surface, where the He---F~ bond
length is 0. 334 nm, the He---He bond length is 0. 295 nm and the bond angle HeF ™ He is equal to 52. 5°.
The frequencies, the interaction energy, the pair and the three-body interaction energies were calculated at the
global minimum. The interaction energy AE is —1.727 kJ/mol at CCSD(T)/ d-aug-cc-pVTZ level.
Keywords Interaction potential surface; Ab initio calculation; Three-body interaction energy; He,F~
(Ed.: D, 1)



