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Abstract: Selecting 6-31G(d, p),6-311 + + G(2df,2pd),6-311 + + G(3df,3pd ), cc-PVTZ, AUG-cc-
PVTZ basis sets, the energies, equilibrium structure, and harmonic frequency of the ground states of AlC and
SiC molecules are calculated using density functional theory (B3LYP) method and quadratic CI method in-
cluding single, double and triple substitutions (QCISD(T) ). Based on the theory of atomic and molecular stat-
ics, the reasonable dissociation limit and dissociation energy of the ground states of AlC and SiC molecules are
derived. By comparing the results of calculations with experimental data, the potential energy surface of the
ground states of AlIC and SiC molecules are scanned selecting QCISD(T) /6-311 + + G{(3df, 3 pd ) method.
The potential energy curves of the ground states of AlC and SiC molecules are obtained by least square fitting
to the Murrell-Sorbie potential energy function. The spectroscopic parameters ( B,, a,, ., w.x.) and force

constants ( f2, f3, f4) are calculated and compared with experimental results. It indicate that the results of
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calculations are in good agreement with the experimental data.
Key words: AIC, SiC, molecular structure, analytical potential energy function
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AHBIEFEHER (RECP)HY ab initio HE T
3t UC #47 T BT h¥ bt e istasU IR
HERETZ BR (B3LYP) 773, X EuC 2 F I T84
WRBREEHT TEEMR. 2858 AEEs
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CAFH_MM=MEFHTTHERNE T %
W& BE 7 H W B F AN B R fn ot
PR3 Balfour Z: 11 F By TR RBFGE T A2
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UM A FHREFHIE AR ME T & Pt 4
BRF4rF i PeC, PtS ES I EZ S KK AR
B AR . Marr 2 B R BOETE 2068
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itk SEFEIR BT 5L . Morse L B[R] —
W F B b 37 1% (Resonant Two-Photon
Ionization Spectroscopy) [~ ¥ #F 5% T RuC!3,
PAC!*), NiCHS S B L 9 XUR F 43 F B 06 3. Zi-
urys FIRE T - B ERITEOBRILYIEF O F
R E Eh el WB T B A s s A
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figuration Interaction) 75 ¥ B B8 il 5, Bernath
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F CPII-X °1 BRI M BOLE SR B BEXTF
AICH SIC 7+ FEB B IT A R FHIESH
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JRF 53 F IR L8 772 B0 T8 o0 78 A T e S, U
AIC.SiC 4 FRIFL B RS B AR FR 4130 R

AIC(X *z7)—>Al(*P,) +CCP,)
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B3LYP s FRIRTH B T 5 3 Z R WA 548
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i Gl
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#F1 FH BILYP HE5t AIC 4 FRESMMMALHTES R
Table 1 Optimization calculations of the ground state of AlC using B3LYP

Basis set R,/nm w,/cm” D,/eV u /Debye E /Hartree
6-31G(d, p) 0.19746 .632.2283 3.322 1.3932 —280.3351619
6-311+ +G(2df.2pd) 0.19715 626.2755 3.397 2.0278 —280.3675746
6-311+ +G(3df,3pd) 0.197 626.2337 3.407 2.0139 —280.3679804
cc-PVTZ 0.19764 623.9721 3.380 1.9041 -280. 3709053
aug-cc-PVTZ 0.19762 622.1868 3.384 2.0170 -280.3717925
Exp!!®) 0.1955 654
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Table 2 Optimization calculations of the ground state of AlC using QCISD(T)
Basis set R,/nm w,/cm” D,/eV u /Debye E /Hartree
6-31G(d, p) 0.19673 666.7843 3.182 0.6752 —279.7695699
6-311+ + G(2df,2pd) 0.19733 643. 3501 3.353 1.0724 —279.8258337
6-311+ +G(3df,3pd) 0.19684 648.9904 3.378 1.0339 —279.8279047
cc-PVTZ 0.19782 644. 8360 3.326 - 1.0384 —279.8328043
aug-cc-PVTZ 0.19806 639.0100 3.357 1.1049 —279.8353352
Expl!8) 0.1955 654
3 RAIBLYP FEX SICHFESHRMHALRE
Table 3 Optimization calculations of the ground state of SiC using B3LYP
Basis set R,/nm w,/em” D,/eV u /Debye E /Hartree
6-31G(d, p) 0.17236 971.1726 4.257 1.1957 —327.3722404
6-311+ +G(2df,2pd) 0.17154 980.7659 4.383 1.7642 —327.4107510
6-311 + + G(3df,3pd) 0.17132 984.6761 4.403 1.7668 —327.4115134
- ccPVTZ 0.17194 978. 6283 4.352 1.6734 —327.4126308
aug-cc-PVTZ 0.17197 976.5757 4.349 1.7560 —327.4134156
Exp!®) 0.17182 965.16
F4 RA QCISD(T)FEX SICHTREMRLITELER
Table 4 Optimization calculations of the ground state of SiC using QCISD(T)
Basis set R,/nm w,/em” D,/eV u /Debye E /Hartree
6-31G(d, p) 0.17322 972.2360 3.972 0.2295 —326.7856846
6-311 + + G(2df,2pd) 0.17250 977.4873 4.215 0.5512 —326.8585411
6-311+ + G(3df,3pd) 0.17226 983.2429 4.258 0.5641 —326.8615902
cc-PVTZ 0.17306 974.5454 4.171 0.5205 —326.8649998
aug-cc-PVTZ 0.17325 968. 8107 4.218 0.5638 —326.8685165
Exp!?] 0.17182 965.16
#£5 AIC(X*37).SIC(X3 )2 FHIZEAS A Murrell-Sorbie %88 B3
Table 5 Murrell-Sorbie potential energy function of the ground state of AIC (X3~ ) and SiC(X *II)
D, a; az as f f3 fi
States
A% /om™? /om™? /nm™? /107%J:om™?  A10"%Jonm™® /107" J-nm™*
X3 3.373 27.524 196. 162 1174.38 1.971 —8.826 38.546
X311 4.287 39.09 409.408 1867.267 4.865 —23.762 85.696
#6 ACXS)FTFESHNIESHK
Table 6 Spectroscopy parameters of the ground state of AIC(X*27)
Molecule States B./em™! a,/em™! w,/em™! wee/cm™!
AIC X4z 0.524 5.03%x1073 634.55 3.518
Expl®] 639.3 4.5
Explt#] 0.531 5.1x1073 654.836 4.2933
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Table 7 Spectroscopy parameters of the ground state of SiC(X 3)
Molecule States B,/em™! a,/cm™} w,/cm™ 1 weye/cm™!
SiC X311 0.676 5.0x1073 990. 674 5.55
Exp'?] 964.6 5.6
Expt?! 0.67976 5.38x1073 965.16 5.91
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Fig.1 Potential energy curves for the
ground state of AlC
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