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Structure and potential energy function of the ground state of CaS
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Abstract: The equilibrium structure of CaS molecule at the ground state is calculated and optimized using
quantum chemistry methods BSLYP.BP86,B3P86,QCISD and CCSD at the 6-311G(2d f,3pd).6-311G
Qdf,2pd).6-311G(3df,2pd).6-311G(3df, 3pd) .sddall and sdd basis sets. Comparing the results
with experiment data, finding the BSLYP/6-311G(3d f,3pd) is the best suitable method. Using B3LYP
with the basis set 6-311G (3d f,3pd) to scan the energies for the ground state of CaS molecule, then
having a least square fitted to Murrell-Sorbie(i=3,4,5,6,7,8,9) and Murrell-Sorbie+ C; functions,
calculating force constants( f,, f5, fs ). Picking out the best function(Murrell-Sorbie i=9) to get the
spectroscopy constants ( w, s B, sa. w.y. ) » the spectroscopy constants are good in agreement with the ex-
perimental results.
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44+ B3LYP,BP86,B3P86,QCISD,CCSD
¥, 340 2 F 4 6-311G (2df, 3pd) . 6-311G
Q2dfy 2pd) . 6-311G (3df, 2pd) . 6-311G (3df,
3pd) .sddall,sdd %} CaS EAE X' T #HT45
AR AL, 1 AR i R BE 5 S5 R W) & i 5k
20 B3LYP/6-311G(3d f,3pd) Xf CaS #f78 5 H
#3842 3% Murrell-Sorbie(i=3,4,5,6,7,8,
9) PR B K A& 1E W) PR 3L Murrell-Sorbie+ C; 8 Fi &
IN"FEWMEGBERESR L0 fsofi, HRERB
Murrell-SorbieGi=D T8 f2, f3, fL SEIBHER
Hith i W 4. 38 F§ Murrell-Sorbie (i =9) i+ &
CaS HIEH B LR ESHMEY A MY B CaS 43
Fi2 Al Murrell-Sorbie(i=9) pR ${ fE % 17 23Xk
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2.1 CaSHTFEBESHS MR

R T IE#RA CaS 4 F F 25 A0 X R (1) $ B bR
BT B A T B AR IRAE R T TR
SRS FF T Y Wigner-Witmer, B 43 5 JR
Tt &t CaS 4 F Al BB M B FARAS. CaS 43 F
HREBERFHT BT C.., Bf. Ca R TR ESH
THRENR'S,, SEFHESHEFRERNP,, W
HE¥RET SU,, B 24 Ca( 'S, ) SC*P, )R

CaS W}, X FR MRS, SU(, BERIA AT 4K R 7]
PLAr# R Co, BRI AT AR B, 38 3 B
LA 15 C., BEMIAR T ZRIR , B FTIE B 43+ B9 AT
fEHLTFRAS. Ca('S, )HI SC* P, )45 4% 4 C..,
BE IR AT 293R8 B H A

Ca( 'S, )@ S(*P,)=CaS(X'>2")

BTk, CaS M B F IR X1 27T,
2.2 CaSHFEDRX'ZY)HNEHSH

A% FH Gaussian 03 # {4, B3LYP. BP86.
B3P86 ,QCISD.CCSD Ji#k, X4 A A4 6-311G
(2df, 3pd) . 6-311G (2df, 2pd) . 6-311G (3df,
2pd) . sddall,6-311G (3d f,3pd) .sdd 43§ %f CaS
SFESX ZDO#ETERRMATE, TTREERR
# 1. AT L& H A B3LYP/6-311G (3df, 3pd) .
B3LYP/6-311G(3d f, 2pd) J5 B i+ 5 ¥ 5 4 % ]
B R, 5% E" Y AR, 4 3HE 28 B /MUK
0. 00039 nm.
2.3 CaSHFERX'ZH)HWBERY

AR BSLYP Jrik, KFEEH 6-311G(3df,
3pd) Xt CaS /3 FRS B EE 0. 155~1.1 nm Z
] 44 190 B g FVERAE. 454 o 2 v (1 A 4%
S4Bk Ca 5 S R B % 0] BE 2 A8 & S, Ho il 4%
55 554 Ak B 74 DR B — B 2R )5 433 R A Mur-
rell-Sorbie(i=3,4,5,6,7,8,9) BRE ((1) X)) & &
1E ) Murrell-Sorbie+ C; PR ((2) ) #EA7IELME
B/NZFEME A MIEE IR 2 Fik.
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exp(—aip) — Cs/7° (2)
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Table 1 Optimal results of the ground state of CaS
ik g1 CCSD QCISD B3P86 BP86 B3LYP 2% E[13]
SDD Re/nm 0.24484 0.24624 0.23393 0. 23507 0.23579 0.23178
E/Hartree ~ —434.23728 —434.24859 —435.52835 —435.06542 —435.01664 —
SDDALL Re/nm 0.24413 0. 24593 0.23336 0.23462 0.23533 0.23178
E/Hartree —46.70955 —46.72218 —47.37293 —47.07511 —47.02785 —
6-311G(2d f,3pd) Re/nm 0. 23369 0.23471 0.22883 0.23033 0.23113 0.23178
E/Hartree —1074.75682 —1074.75968 —1076.52765 —1075.92300 —1075.83918 —
6-311G(2df,2pd) Re/nm 0. 23369 0.23471 0.22883 0.23033 0.23113 0.23178
E/Hartree ~ —1074.75682 —1074.75968 —1076.52765 —1075.92300 —1075.83918 —
6-311G(3df,2pd) /6-311G(2d f,3pd) Re/nm 0. 23470 0. 23570 0.22919 0. 23065 0.23139 0.23178
E/Hartree —1074.76610 —1074.76896 —1076.52923 —1075.92455 —1075.84075 —
#2 CaSHBMHESH
Table 2 Parameters of analytical potential energy functions of CaS
a1 az a3 as (A -4/ as ag az ag ag
B3 De/eV . \ \ o \ o . \ o LG AR
(A~ (A—2) (A73) Ce (A4 (A5 (A —6) (A~T) (A% (A—9)
(M—S) i=3 4.84247 1.37149 —0.57002 0.20049 0.999982808366847
BEWAM[13]  4.634 1. 24 —0.737  0.442 —
(M—S) i=4 4.84247 1.37149 —0.57002 0.20049 0.00000 0.999982808367235
(M—S) i=5 4.83441 1.21191 —0.76673 0.31686 —0.04954 0.00408 0.999996694164466
(M—S) i=6 4.83781 1.46410 —0.43766 0.16641 0.02237 —0.00921 0.00192 0.999999407064103
(M—S) i=7 4.83782 0.95239 —1.05486 0.55454 —0.15041 0.02216 —0.00154 0.00003 0.999999421651899
(M—S) i=8 4.83566 1.91621 0.33603 0.14132 0.05052 0. 00984 0.02358 —0.00912 0.00146 0.999999134649422
(M—S) i=9 4.83627 2.16629 0.84233 0.29504 0.12421 0.00335 0.01074 0.02355 —0.00988 0.00145 0.999999481877835
(M—$)+Cs  4.85646  1.35549 —0.57866 0.19455 —2.51670 0.999985863945263

# 2 PREAT ar (A -OBHF M—S(i=3,4,5,6,7,8, DB MM, Cs (A ~OBEHFM—S)+Cs BH;
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#3 CaSHABNHEOTRER

Table 3 Force constants of the ground state of CaS

BRI 4 fz., f3, f4,
(eVeA™2) (eVe+A3) (eVeA™)

(M—9S) i=3 14.6293 —53.5245 145. 6619
(M—9S) i=14 14.6293 —53.5245 146. 3125
(M—S) i=5 14,5138 —53. 3541 147. 2110
(M—S) i=6 14.6049 —53. 7966 147. 0010
(M—S) =7 14. 5946 —53.6169 146. 2734
(M—S) =38 14.5059 —64. 2907 150. 0020
(M—S) =9 14,5483 —53.9433 149. 8833
(M—S)+Cé6 14,6721 —53.1593 143.6112

R 13.9558 —55. 3695 156. 8382

i1 2 2 AJ 40, Murrell-Sorbie (i = 9) i {1 & 3E )
FEEEIRE] . R=0. 999999481877835 (58 4 & i
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{4 L3 4T He %8¢ , Murrell-Sorbie (i = 9) B 393158
ZERWILERYE . I ATLE A Murrell-Sorbie(i=
9) R TE I # KT CaS B 4.

6 3% B B0 I 5 A R (1o), (11D,
A2) A AL, K EF BB RREES % &
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bie(i= 9) G B 115 63 # 4L

_ | fe
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KTH e NEAD G THRANE R, o HIERPE,
wey. IFWERBNIR, B, AR SHIN T, o HAER]
AR BN T SR N 4 B,

#F 4 CaSHIGIEHHEIHASER

Table 3 Spectroscopy constants of the ground state of CaS

SR M—9) i=9 HEHAE
B, /em™! 0.176498 0. 175905
w, /em™1 471. 436149 461. 736000
a. /em™! —0. 000396 —0. 000402
weye /em™! 1.323739 1.319286

H 3 4 A%, F§ Murrell-Sorbie(i=9) PR i+ &
) CaS 73+ F I H M (w. s Bosaswy. ) SHEFE
EHIB.

K 14 8 7T K% Murrell-Sorbie (i = 9) 5
B3LYP/6-311G(3d /3 pd) J7 1 3 s 4938 1 0 & 1t
2%, B 7] LI FE H B3 Murrell-Sorbie (i =9) 5 B
EAMELEMIRL, B Murrell-Sorbie (i = 9) fg
BRI CaS ER X' ZHHEEXR.
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Fig. 1

Potential curve and fitted curve of CaS
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