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W B3LYP Jiik, ALTHE T YH(D,T) 73 A Re &L, P8 454, RSP ARYE T 2r T ROV 2% SR B, 3
BT YH(D,T) 70 T EES 0 A B S R AR B 28O0 A0 v 5 45 SR A 1) S0 R B8 Hidis 6T LE, 749 H LANL2TZ/AUG-
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PACS: 31.50.Bc, 33.15.Fm, 33.15.Mt
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PO R O TR SR, U] YH(D,T) 3 R TR A
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) ROy R I T AL N (Kn)4d!se, Bt
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HL 73 28 A (18°2522p°323p%3d!0), 1 HL 1 %1 11
A (44p54d'58%), X Y 43 iR H LANL2DZ, &
() LANL2DZ, LANL2TZ JE£E4, X H K 6-
311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQE:
BRI %) YH(D,T) 2 1 AT 7 #ig ok . L
SCHERT S 2 S 19 LANL2DZ #3454 p Bl ik
Kooy RO sk 1 pioR. LANL2TZ Je4E 4 B
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KT RS NUR T4, Murrell-Sorbierf H& —
PR GF R R BT 38 pR B, & RE IE A R IHE S5 SRR
152, I HA B KRS, g R

Vip) = _De(1 + i aipi) exp(—aip), (1)

i=1

%2 LANL2TZ 454

WIS RS
S 1 1.00 Y-ECP 3 28
1.7510000 1.0000000 #
S 1 1.00 5
1.1430000 1.0000000 0 578.4310349 —0.0404817
S 1 1.00 1 152.7792004  —20.6194344
0.3581000 1.0000000 2 449301524 —116.7522279
S 1 1.00 2 11.4587918  —43.7975806
0.1058000 1.0000000 2 3.7523267  —5.4247609
S 1 1.00 s
0.0318000 1.0000000 4
P 1 1.00 0 59.4715114 2.9801339
3.8840000 1.0000000 1 17.2173553 34.7834676
P 1 1.00 2 18.4797093 28.8453246
0.7660000 1.0000000 2 4.3276192 64.7642088
P 1 1.00 p-fox
0.2890000 1.0000000 4
P 1 1.00 0 457271005 4.9885783
0.0629000 1.0000000 1 49.4595886 19.6506564
P 1 1.00 2 18.9952373 194.0943181
0.0223000 1.0000000 2 3.6603193 43.1349769
D 2 1.00 d-f
1.5230000 0.1074843 5
0.5634000 0.4563954 0 62.8268435 3.0066647
D 1 1.00 1 31.8897904 25.9879250
0.1834000 1.0000000 2 18.3646572 85.7172897
D 1 1.00 2 7.3062400 48.7792568
0.0569000 1.0000000 2 2.4051635 11.4535104

043105-3



) 38 2 4R ActaPhys. Sin. Vol. 61, No. 4 (2012) 043105

X p=r—Re,r M R, 5350 R BRSP4 %

[ Do, a; (n = 3,4,5,---) NG REL, 5B IX 8L

ZHOAT UL S R # Murrell-Sorbie #fE bR
B RS S B R R

f2 = De(a% - 2(12), (2)

fs = 6Dc(araz — ag — a7 /3), 3)

f1 = De(3a7 — 12a2ay + 24a1a3 — 24as),  (4)

Tau fa, fa 20000 B, =B AIDU B ) 2, BP0

HF R e A Re R AL, A DL AT LTS

itk 2 g 191

ezgﬁﬁ, (5)
Qo = —%(fg’ze + 1), (6)
wexe:%[—hf—fg+l5(l+ag§§>2}, (7

| [
We = ﬁa (8)

A, Be Bl ae 73501 115 e )y BRI 3 6 2 R
EHEL wexe M we 205 AR TEBUR MRS TE AR,
u NPT IAIE, ¢ R

4 2R KAtk
41 HEARUIE

YH, YDYT =2 X 147 7, |8 T Coow #F
A SCiE ] B3LYP J7 ik, XY K Al LANL2DZ,
M ¥ ) LANL2DZ, LANL2TZ, *f H X i 6-
311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQE:
M, ACTHHE T YH 55134 LA &5 4, 1
PESRZRFI RGeS, Prfgas Rk 3 Jis.

% 3 YH(D,T) 2 P v AR 5 O BRI S0 B ) LLAL

T IR Re/nm we/em™t E/a.u.

YH  B3LYP/modified LANL2DZ/6-311++G(3df,2pd)0.18887 169747 —38.4565151
B3LYP/ modified LANL2DZ/AUG-cc-PVTZ 0.19056 1605.2291 —38.4599303
B3LYP/modified LANL2DZ/AUG-cc-PVQZ 0.19091 1591.2925 —38.4616682
B3LYP/LANL2TZ/ AUG-cc-PVQZ 0.19161 1536.8526 —38.4653894
B3LYP/LANL2DZ/AUG-cc-PVQZ 0.19023 1600.0828 —38.4602734
ey 4 0.19228 1530.456
B3LYP/SDD/6-311++G(d,p}3:14] 0.1919 1497.5312
CASSCF/SOCI/RCI/3s3p3d1f!] 0.1865 1510
CPF/RECPY] 0.1961 1558
BPW91/SDD/6-311++G(d,F)! 0.1999 1526.2
BPW91/SDD/6-311++G(d, B} 0.1915 1554.4
MP2/SDD/6-311++G(d, 5! 0.1918 1566.2

YD  B3LYP/modified LANL2DZ/6-311++G(3df,2pd) 0.18887 11507 —38.4565151
B3LYP/modified LANL2DZ/AUG-cc-PVTZ 0.19056 1141.841 —38.4599303
B3LYP/modified LANL2DZ/AUG-cc-PVQZ 0.19091 1131.9275 —38.4616682
B3LYP/ LANL2TZ/ AUG-cc-PVQZ 0.19161 1093.203  —38.4653894
B3LYP/LANL2DZ/ AUG-cc-PVQZ 0.19023 1138.1802 —38.4602734
Sea iy 9] 0.19204 1089.1183
BPW91/SDD/6-311++G(d,F)! 0.1999 1085.6
BPW91/SDD/6-311++G(d, By 0.1915 1105.7
MP2/SDD/6-311++G(d, 5! 0.1918 1114.1

YT  B3LYP/modified LANL2DZ/6-311++G(3df,2pd) 0.18887 94547 —38.4565151
B3LYP/modified LANL2DZ/AUG-cc-PVTZ 0.19056 938.2251 —38.4599303
B3LYP/modified LANL2DZ/ AUG-cc-PVQZ 0.19091 930.0794 —38.4616682
B3LYP/LANL2TZ/ AUG-cc-PVQZ 0.19161 898.2603 —38.4653894
B3LYP/LANL2DZ/AUG-cc-PVQZ 0.19023 935.2171 —38.4602734
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ff) LANL2DZ, BIAE XS H A ] A 327 K T 1 566 B8
B H 5 2 (1) AUG-cc-PVQZ LA, it 4 i S
SO B IR AFAE 2. HAXT Y SR SO
I SEAE A, B4 Bl 6 H BT Al FH 3 41 11 35 v 2
HHMMEZ, (HES RN RS T W2, &
J LANL2TZ/ AUG-cc-PVQZ I8 & L 4L T 55
BHPEAZ I R, AUEPESR w, AR IE4]
DL (B8 o1 5 2 R B S I, R, R
XS YH(D,T) 4 1 56 4 2047 B 50 B8 431 4 1) B AT
7f B3LYP/LANL2TZ/AUG-cc-PVQZ /K V14T

42 YHD,T) 9FESHB R

JU A &5 A0 A F0 0 2 o A 58 ks, FR
i1 4 A B3LYP/ LANL2TZ/AUG-cc-PVQZ Jj %
X YH(D,T) 70 F 3T 75 i ge a4, S
JEHA 0.1—0.74 nmJLit 8T 6404 5 sT A RE .
FER AR A R () 25 o 2 B P 1 2 TR R R
TEAWI AL AL, FoAth 2 3035 5 A5 R ARAL IS DR AE T s
—H413 3] YH(D,T) - TSI — R A5 5 a6e
i Ja, M/ — LA 2 Murrell-Sorbie % fig

PREL AT REIF R R IR, AXE T n =3,
4,5,6,7,8, 9X 7 FiiEoL, &5 KRB, X T RTUHE
ITARR, n AHEROK, UG 85 SO L. G P4k
$5 D, a1, az, as, aq, IBH (2)—(4) TS 0T 15 2 2%
B 15 fo, f3, fao BT AR B DAL, 35X HLFRAT N A
tH n = 9 1) Murrell-Sorbie#: fig B 5 R HORA W /)
WAL SR 4.

10

o mipits
— B

——aa g
SSSSSSITSEEEEES
SO

V(r)/eV

0.0 0.2 0.4 0.6 0.8

r/nm
1 YH(D,T) 7 T3 M fE Lk
WA 70 BB H Bk &, t (B5)—(8) X,

A PLRH YH(D,T) 2 FRERCEEIE B, a.,
We, WeXeo- JEIEEHEWIZR 5 PR,

% 4 YH(D,T) 4 TH:Z51 Murrell-Sorbie #4365 i 5 2 505 % )y 54

D leV ai/mm~1 az/nm—2 as/nm—3 as/nm—4 as/nm—> ag/nm—6
2.92 14.092 —49.493 —172392.897 —26.233 —1065.761 5513.77
azinm=7 ag/nm~8 ag/nm—? f2/107183nm=2  f3/10~53nm=3  £4/10~14Jnm—4
222772.655 —303232.595 —6231.264 1.3897 —4.4946 11.8132
#* 5 YH(D,T) /r FHE NI H L
ST D leV B, /lem™! aelom—1 welcm—1 WeXolom~1
YH 2.92 4.6132 0.08846 1538.423 18.9134
Sy 4] 4.567 0.09145 1530.456 19.437
gy (131 4.309 4.5914 0.1123 1497.5312 22.4149
B RN 2.9510] 2,.9312]
YD 2.92 2.33 0.032 1094.333 9.55
LA 18] 2.32 0.033 1089.118 9.85
YT 2.92 1.576 0.01766 899.188 6.46

MR 5 AT LIEH, 6T YH fiL YD, FAT1 15 2
I EE Be, ey we, wex e 5 3CHR [4] A1 [5]
T ST S AR U, X T i fe D, BARE
H 1T R 1138 A S50 1 4 SRR, (HIRATT 15 21
R 5 SCik [10] A1 [12] B B 5 &
FRRLE. T YT 401, B HF8 L, IR WA K

[ RS RN S 06 25 AR IE. ST, AT — P
T YT WAHSOGIR AR, AT, A OGS &
A EE).

Bl 145t T YH(D,T) 73 7S m#Aae th £k, K
TR R I Bl Ok PR T SRR A, SR NP & A
M2k, AT LLE 2, IR 5 | 308 e HE R 3,
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PRI e i 5P &R E R I, X
PiHH Murrell-Sorbie®A g BRI %
V(p) = —D. (1 + Zaml) exp(—a1p), n=9
=1

9)
AEIEAf S YH(D,T) 2> FHEA I FAHE BR 2L

54 i

AR SCH R o S B ) 2 R, HE S
T YH(D,T) 45 + 2 25 1 B ff B PR 43 ) ik
Fi LANL2DZ, 3 (1 LANL2DZ, LANL2TZ #1 6-
311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQE:

HXT YH(D,T) 43 1 2L AT T 45 #4040 A i
Iy Mr. AE IR |, F B3LYP/LANL2TZ/AUG-cc-
PVQZ /KX YH(D,T) 2 AR B AT T 5 41
R4, SR E A AR R, P51 T YH(D,T) %%
A1 Murrell-Sorbie %4 88 pA %, F1HE T AN 1%
TR TR A R R S0 B R R I,
X YH FYD 40, ASCHITHE S5 RS SEI AT
HAFRGF, IF HAR T DA ) BRSO eSS A
R E T YT TR L S, FRA
INK o= 9 i) Murrell-Sorbie?A % e& $ HE 45 R 1)
SR YH(D,T) 73S M 25 R EF g AR 4L, 1X
R R A3 Rl A N 5y - B ) A T SR AL TR B
(IR S e B AL
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Structures and potential energy functions of the
ground statesof YH,YD,YT molecules*

Xu Yong-Qiang Peng Wei-Cheng Wu Hua

(College of Physics and Electronic Information, Gannan Normal University, Ganzhou 34100Q China)

(Received 12 April 2011; revised manuscript received 6 May12

Abstract
Using the density functional theory(B3LYP) method, the18-8+G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQZ basis sets for

H and effective core potentials for Y, the energies, equilin structure and harmonic frequency of the ground stafesH{D,T)
molecules are calculated. Based on the theory of atomic ahelcear reaction statics, the reasonable dissociatioitdiof the ground
states of YH(D,T) molecules are derived. By comparing tHeutation results with the existing experimental and tle¢ical values,
we find that the mixed basis sets LANL2TZ/AUG-cc-PVQZ are trmsted for the calculation of the molecules. Consequetitly
potential energy surfaces of the ground states of YH(D,Tlemdes are scanned at the B3LYP/LANL2TZ/AUG-cc-PVQZ levk
theory. The potential energy curves of the ground statesH{DYT) molecules are obtained by the least square fittingpeaMurrell-
Sorbie potential energy function. The spectroscopic @nstB ., a.,w., we X, Do) and force constantsf{, f3, fa)are calculated
and compared with experimental results, indicating thatcdidculation results are in good agreement with the expettiah data.

Keywords: YH,YD,YT molecules ground states, structures of molecupetential energy function, spectroscopic
constants

PACS: 31.50.Bc, 33.15.Fm, 33.15.Mt
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