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Gaussian 03 - 0.13—2.0 nm 6-311
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Rydberg-Klein-Rees
T.=3.6701eV D,=1.0764eV R, =0.3000nm o, =285.69 cm™" w.x.=1.8351 em™' a, =
0.00942 cm™ B, =0.5340 cm™' T. D. R. w.
Schridinger J=0 Tli 270, 67
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- 271,
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ce-PVTZ  ce-PVQZ “ -
" symmetry-adapted-cluster configuration- 0.13—2.0 nm
interaction SAC-CI T T,
271,
6-
311G 3df 3pd D95 3df 3pd 6-311G 2df 2pd
15 16
6-311++G d p
T. D. R, w,
6-311++4G d p
SAC-CI 6-311++G d p D. R,
Gaussian 03 1718 w, 1
GSUM 8 R E R 2
T, D
19 20 R, .
1 SAC-CI/6-311++ G d p "Li, 2711,
T,/eV D./eV R./nm welem™! B./em™! a./em™! weyolem™!
3.6701 1.0764 0.3000 285.69 0.5340 0.00942 1.8351
3.6762 1.0752 0.2965 284.10 — — — 15
3.6804 1.0813 0.2968 283.82 — — — 16
1995 15 “ " 1
? 7s5p3d1f 88 15 0.17%
" Li, 0.11% 1.18% 16
0.28%
0.45% 1.08% .
. 2006
16 “ "
MOLPRO
2 SAC-CI/6-311++G d p "L, 2°, R E R
R/ag E R /a.u. R/aq E R /a.u. R/ag E R /a.u. R/ag E R /a.u.
2.47 -14.621223 6.67 - 14.793025 14.67 —14.761848 25.67 - 14.757150
2.87 - 14.677880 7.07 - 14.790454 15.47 - 14.760124 26.67 - 14.757135
3.27 - 14.720921 7.47 —14.787812 16.27 —14.758979 27.67 - 14.757124
3.67 - 14.751724 7.87 —14.785464 17.07 —14.758281 28.67 - 14.757114
4.07 - 14.772158 8.27 - 14.783705 17.87 —14.757872 29.67 - 14.757107
4.47 - 14.784848 8.87 - 14.782065 18.87 - 14.757585 30.67 - 14.757101
4.87 - 14.792108 9.47 —14.780724 19.47 —14.757478 31.67 - 14.757095
5.27 —14.795638 10.07 - 14.779064 20.27 —14.757379 32.67 - 14.757091
5.47 - 14.796393 10.67 - 14.776985 21.07 - 14.757311 33.67 - 14.757087
5.67 - 14.796635 11.47 - 14.773754 21.87 - 14.757263 34.67 - 14.757084
5.87 —14.796458 12.27 —14.770339 22.67 —14.757227 35.67 - 14.757082
6.07 - 14.795944 13.07 - 14.767068 23.67 - 14.757193 36.67 - 14.757079
6.27 - 14.795162 13.87 - 14.764185 24.67 - 14.757169 37.67 - 14.757078
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p=r-r, roor,
3 D, a;
3.1. 7Li2 23‘lIu 1
n=3 45617 8 6
n=>5
Murrell-Sorbie 2
n=>5
Voo :—De(1+2ai{0i)exp—a1p |
=1
3 SAC-CI/6-311++G d p i, 2711,
D./eV R./nm a;/nm~! a>/nm~? az/mm™3 ay/nm~* as/nm™> AEgryse/eV
1.0764 0.3000 16.21411 82.54417 337.00176 1966.35140 6248.69019 0.001566
1 270,
Murrell-Sorbie . 1
i | fzzDe a?—Zaz. 3
Lr T Rydberg-Klein-Rees
. L 4
~
T ot |
N fo = 4wl pc. 4
I ] 3 4
i - D. @l -2a, 1"
We = | 7 o 2 5
. s s s 41 pe
0 1 2
r/nm M ¢
w, 3
1 "L 271,
3 1
1
AE s 15 0.56% 16
R 0.66%
AEK\B = \/ W[ Z} VAPEF - Vah initio 2] . 2
=1
VAPEF Vab initio
N
N=174 . n=5 AE s 3.3. 2°M,
0.001566 eV .
1 » 22
1
3
3.2. 2711, fio=- 6D.(a; - aya, + a}/3) 6

fi = D.(3a] - 1247 a, +24a,a;y) . 7
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B, a, w.y. Schriodinger
K& h
— h 5 8 - 2_ - + 2.] ] + 1 + V r Wv J r
8rcuR, o dr 2pur
6B§(f3R ]) 9 =E ¥, r 11
a, =-— - +
W, 3f2 V r 3 Y ]
B f4 R2 ( e Qe ? ° E” J
w. Y. =o | -7 +15(1 + — 10
Xe =g f 6B’ »

1 E,;,=Gv +B, JJ+1 =D, JJ+1°?
+H JJ+1 P+l JJ+1 "
+M, JJ+1 *+N, JJ+1°
+0, ] J+1 7 12

BP af' we XP G V BV Dy
H L M, N, 0
s Runge-Kutta Fortran
3.4. 211
u J :O
J=0
"Li, 271, 4
4 SAC-CI/6-311++G d p "L, 270, J=0

v E v /em™! R n/nm R, /nm B,/cm™! v E v /em™! R,n/nm R, /nm B,/em™!

0 141.353 0.28301 0.31991 0.5291869 34 6014.491 0.21324 0.65795 0.2736445

1 417.491 0.27205 0.33694 0.5193310 35 6139.176 0.21253 0.66636 0.2685900

2 683.972 0.26516 0.35022 0.5090466 36 6262.199 0.21184 0.67485 0.2635165

3 940.712 0.25994 0.36217 0.4983536 37 6383.499 0.21117 0.68344 0.2584292

4 1187.674 0.25569 0.37350 0.4872900 38 6503.007 0.21051 0.69216 0.2533311

5 1424.892 0.25209 0.38453 0.4759160 39 6620.648 0.20987 0.70100 0.2482237

6 1652.484 0.24898 0.39544 0.4643188 40 6736.346 0.20925 0.71000 0.2431063

7 1870.675 0.24623 0.40632 0.4526150 41 6850.020 0.20865 0.71918 0.2379765

8 2079.808 0.24378 0.41722 0.4409491 42 6961.583 0.20807 0.72855 0.2328303

9 2280.356 0.24158 0.42815 0.4294848 43 7070.948 0.20750 0.73814 0.2276623
10 2472.907 0.23957 0.43908 0.4183899 44 7178.022 0.20695 0.74797 0.2224657
1 2658.147 0.23773 0.44997 0.4078169 45 7282.709 0.20642 0.75808 0.2172321
12 2836.821 0.23604 0.46078 0.3978827 46 7384.909 0.20591 0.76849 0.2119523
13 3009.690 0.23446 0.47145 0.3886565 47 7484.519 0.20541 0.77924 0.2066154
14 3177.487 0.23298 0.48194 0.3801569 48 7581.429 0.20493 0.79038 0.2012093
15 3340.883 0.23159 0.49222 0.3723593 49 7675.525 0.20447 0.80195 0.1957205
16 3500.469 0.23027 0.50226 0.3652073 50 7766.687 0.20403 0.81400 0.1901334
17 3656.749 0.22901 0.51207 0.3586263 51 7854.789 0.20360 0.82661 0. 1844308
18 3810.137 0.22781 0.52164 0.3525339 52 7939.696 0.20319 0.83985 0.1785926
19 3960.975 0.22666 0.53099 0.3468475 53 8021.265 0.20281 0.85381 0.1725959
20 4109.533 0.22556 0.54014 0.3414878 54 8099.342 0.20244 0.86861 0.1664141
21 4256.029 0.22449 0.54910 0.3363819 55 8173.760 0.20209 0.88440 0.1600154
22 4400.632 0.22347 0.55790 0.3314637 56 8244.339 0.20176 0.90134 0.1533619
23 4543.476 0.22247 0.56656 0.3266746 57 8310.880 0.20145 0.91967 0.1464074
24 4684 .666 0.22151 0.57509 0.3219636 58 8373.161 0.20116 0.93971 0.1390944
25 4824.280 0.22057 0.58353 0.3172881 59 8430.935 0.20090 0.96185 0.1313494
26 4962.375 0.21967 0.59188 0.3126135 60 8483.921 0.20066 0.98669 0.1230761
27 5098.994 0.21879 0.60017 0.3079141 61 8531.792 0.20044 1.01509 0.1141433
28 5234.162 0.21793 0.60842 0.3031722 62 8574.162 0.20025 1.04842 0.1043645
29 5367.889 0.21709 0.61665 0.2983778 63 8610.565 0.20008 1.08900 0.0934556
30 5500.175 0.21628 0.62486 0.2935273 64 8640.411 0.19995 1.14131 0.0809424
31 5631.007 0.21649 0.63308 0.2886226 65 8662.915 0.19985 1.21601 0.0658963
32 5760.360 0.21472 0.64133 0.2836688 66 8676.923 0.19978 1.35207 0.0457535
33 5888.202 0.21397 0.64961 0.2786734
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J=0 "Li
6 D, H L, M, N, O, . 1 27,
4 AT, =3.6701 eV D = 1.0764 eV.
Fortran " Li, D =1.0561 eV a
"Li Xz 13 E, = 3.6904 eV
Y 29761 em™! . 5 "Li
Fortran 2p 1s22p!
"Li, 2°,
271,
"Li, 2'1, —"Li P, +'Li°P, . 15
5 7Li2 7Li 24
fem™!
1228 + 15726 0
1228+ 1522p! 14904
3.5.7Li,  27I, " b
122" + 1523p1 30925
2701, 2 122p' + 123p! 45829
128" + 135! 27206
. 2 122p' + 1s72p! 29808
E, = D + AT. - D°. 13 1928+ 193d' 31283
E, 12p" + 1673¢' 42110
D, D!
AT. 4.
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t Rydberg-Klein-Rees
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D¢ sy
w A
R
D;
AT, Schrodinger J=0
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Investigation of analytic potential energy function vibrational
levels and inertial rotation constants for the 2 37,

state of spin-aligned dimer "Li, *
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Abstract

Using the symmetry-adapted-cluster-configuration-interaction ~ SAC-CI  method provided by the Gaussian 03 program
package the potential energy curve for "Li, 2°II, has been calculated with the basis set 6-311 ++ G d p over the
internuclear separation range from 0.13 t0 2.0 nm. And the ab initio calculated points have been subjected to a least squares
fitting to Murrell-Sorbie function. Employing the Rydberg-Klein-Rees method the harmonic frequency is derived from the
analytic potential energy function and then other spectroscopic data are further computed. These spectroscopic data are T, =
3.6701 eV D_.=1.0764eV R, =0.3000 nm w, =285.69 cm™' w, Y. =1.8351 em ', =0.00942 cm™! and B, =
0.5340 cm™"'  respectively. In particular the present T, D, R, and w, values are in excellent agreement with other
theoretical results. With the analytic potential energy function obtained on the SAC-CI/6-311 ++ G d p level a total number
of 67 vibrational states for the 2 °II, state is found when J =0 by solving the radial Schridinger equation of nuclear motion. The
complete vibrational levels classical turning points and inertial rotation constants for these vibrational states are also reported.

The reasonable dissociation limit for the 2 *IT, state is deduced using the present results calculated.

Keywords analytic potential energy function harmonic frequency vibrational level inertial rotation constant
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