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B3LYP  B3P86
7. CCSD T QCISD R,
78 De
Gaussian03 18 . t
B3LYP  B3P86 CCsD T ce-PVQZ o
CCSD T QCISD R. w. D, 7
Aug-cc-PVTZ cc-PVTZ 6-311+ + G 3df 3pd  6- . CCSD T /ee-
311+ + G 2df 2pd 6311+ + G df pd 6-311G  PVQZ .
3df 3pd  6-311G 2df 2pd  6-311G df pd  6-311 CCSD T /ee-PVQZ R,
++Gdp 6311Gdp 6311+ +G 6311G w., D, 1
cc-PVQZ 20 . “ ? R
78 B3LYP E R 2
B3P86 R, R, w,
w, D, e D,
1 CCSD T /ee-PVQZ "L, X'
D./eV R./nm w /em™! B./em™! a,Jem™! weyelom™!
1.0487 0.2698 346.82 0.6601 0.00702 2.648
7 1.0561 0.2673 — — — —
8 1.0561 0.2673 351.4 0.6726 0.00704 2.610
13 1.040 0.2705 342.08 0.657 0.006 2.94
14 1.034 0.269 361.3 0.659 0.007 3.36
15 1.0552 0.2660 353.0 — — —
16 1.0680 0.2658 352.4 — — —
17 1.0799 0.2647 356.9 — — 3.66
2 CCSD T /ee-PVQZ "L, X'S) R E R
R/nm E R /a.u. R/nm E R /a.u. R/nm E R /a.u. R/nm E R /a.u.
0.15 - 14.8126854 0.48 - 14.8730072 1.17 —14.8653994 1.83 —14.8653875
0.21 - 14.8880683 0.54 - 14.8689242 1.26 —14.8653947 1.95 —14.8653874
0.24 — 14.9005555 0.66 - 14.8661364 1.35 —14.8653919 2.01 —14.8653873
0.27 - 14.9036925 0.78 - 14.8655828 1.41 - 14.8653905 2.07 —14.8653871
0.30 —14.9015962 0.90 - 14.8654559 1.50 - 14.865389%4 2.19 - 14.8653870
0.36 —14.8912244 0.99 — 14.8654234 1.59 — 14.8653886 2.34 —14.8653869
0.42 —14.8804764 1.08 - 14.8654077 1.71 —14.8653880 2.70 —14.8653868
i, X's) R, w. D, 78
401 Poteau 0.93% 1.30% 0.78%
“ o " CCSD T /ee-PVQZ
Jasik ' ¢ noe " B, e Xe
. Poteau " Jasik
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. 4 CCSD T /cc-PVQZ L, X'} J=0
CCSD T /ee-PVQZ s
’ G v /om™! Rypin/nm L B,/om™! G v lem™! Ryyjp/um Ryp/nm B,/em™!
0 174.059 0.25418 0.28744 0.662890 175.032 0.25172 0.28490 0.668910
1 518.255 0.24382 0.30182 0.656079 521.261 0.24139 0.29921 0.661971
2 857.832 0.23718 0.31259 0.648716 862.264 0.23476 0.30989 0.654608
3 1191.397 0.23207 0.32192 0.646769 1197.997 0.22964 0.31912 0.647352
4 1519.330 0.22786 0.33046 0.634251 1528.413 0.22541 0.32754 0.640016
5 1841.991 0.22401 0.33852 0.631641 1853.457 0.22177 0.33545 0.632585
6 2159.852 0.22086 0.34627 0.619392 2173.072 0.21857 0.34302 0.625049
7 2471.991 0.21771 0.35381 0.611709 2487.191 0.21570 0.35034 0.617397
8 2778.334 0.21535 0.36120 0.604065 2795.741 0.21310 0.35749 0.609613
9 3072.703 0.21295 0.36737 0.596088 3090.641 0.21072 0.36453 0.601680
10 3373.920 0.21058 0.37480 0.586079 3395.798 0.20853 0.37150 0.593583
11 3663.159 0.20845 0.38110 0.579752 3687.109 0.20649 0.37843 0.585302
12 3946.618 0.20663 0.38843 0.571587 3972.462 0.20460 0.38536 0.576818
13 4223.997 0.20435 0.39583 0.563042 4251.731 0.20284 0.39231 0.568111
14 4495.270 0.20289 0.40243 0.554031 4524.776 0.20119 0.39932 0.559176
15 4760.610 0.20148 0.40898 0.544941 4791.427 0.19963 0.40641 0.550002
16 5018.559 0.20007 0.41676 0.535408 5051.534 0.19817 0.41351 0.540552
17 5270.268 0.19847 0.42391 0.525675 5304.932 0.19679 0.42093 0.530612
18 5514.831 0.19730 0.43229 0.515601 5551.399 0.19549 0.42844 0.520442
19 5753.539 0.19618 0.43972 0.505217 5790.706 0.19427 0.43613 0.509916
20 5983.959 0.19478 0.44790 0.494059 6022.658 0.19311 0.44406 0.498848
21 6206.197 0.19374 0.45619 0.482630 6246.948 0.19202 0.45228 0.487259
2 6422.011 0.19281 0.46469 0.470286 6463.314 0.19101 0.46084 0.474845
23 6628.383 0.19158 0.47381 0.458241 6671.398 0.19005 0.46978 0.462460
24 6826.349 0.19073 0.48296 0.444928 6870.893 0.18913 0.47916 0.449131
25 7015.720 0.18985 0.49285 0.431042 7061.420 0.18828 0.44908 0.454972
26 7195.304 0.18893 0.50411 0.415933 7242.556 0.18749 0.49966 0.420038
27 7365.878 0.18818 0.51508 0.399939 7413.843 0.18674 0.51098 0.404241
28 7525.630 0.18765 0.52793 0.383082 7574.873 0.18607 0.52325 0.386896
29 7675.385 0.18694 0.54096 0.365092 7724.977 0.18543 0.53667 0.368946
30 7812.802 0.18643 0.55593 0.345792 7863.708 0.18486 0.55147 0.349355
31 7939.560 0.18592 0.56282 0.324896 7990.416 0.18434 0.55809 0.328289
32 8051.302 0.18539 0.59188 0.302694 8104.473 0.18388 0.58700 0.305484
33 8152.533 0.18507 0.61415 0.280930 8205.232 0.18348 0.60899 0.280646
34 8239.021 0.18475 0.64063 0.256240 8292.029 0.18317 0.63523 0.253720
35 8309.820 0.18440 0.67306 0.226090 8364.307 0.18289 0.66752 0.224132
36 8366.971 0.18416 0.71498 0.194307 8421.613 0.18267 0.70910 0.192297
37 8408.528 0.18402 0.77169 0.159081 8463.965 0.18251 0.76572 0.157366
38 8435.936 0.18387 0.85603 0.121940 8492.044 0.18240 0.84955 0.120388
39 8451.272 0.18379 0.99328 0.085235 8507.842 0.18234 0.98637 0.083226
40 8457.173 0.18377 1.25357 0.049549 8514.778 0.18232 1.26394 0.047274
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. 5 CCSD T /ee-PVQZ i, X'S) 31
v D,/10 3 cm™! H,/10"%em™! L,/10"®em™! M,/10" P cem™! N,/10" % em™! 0,/10" 3 cm™!
0 0.96842401 1.4297665 - 3.8748044 0.94701887 -2.8579759 0.7629978
1 0.97949022 1.4178775 - 3.8784826 0.92179262 -2.8007233 0.7201821
2 0.98454605 1.4043559 —3.8854853 0.89512402 -2.7586798 0.6627749
3 0.99578218 1.3890968 —3.8968950 0.86657507 -2.7282182 0.5979968
4 0.99656451 1.3719738 -3.9138534 0.83551939 - 2.7049822 0.5742412
5 0.99717240 1.3528394 -3.9373361 0.80175560 - 2.7048787 0.5198810
6 1.0117347 1.3315062 - 3.9688482 0.76444394 - 2.7269890 0.4587175
7 1.0129879 1.3077510 - 4.0100567 0.72267968 - 2.7766828 0.3874919
8 1.0198975 1.2813061 - 4.0629522 0.67530264 -2.8610477 0.3018495
9 1.0319869 1.2518503 - 4.1299350 0.62082263 - 2.9895307 0.1956667
10 1.0359243 1.2189988 - 4.2139256 0.55731825 -3.1748224 0.0604183
11 1.0476045 1.1822902 - 4.3185080 0.48229922 - 3.4340992 -0.1157734
12 1.0582779 1.1411699 - 4.4481176 0.39251816 - 3.7908165 - 0.3498955
13 1.0793681 1.0949689 - 4.6082880 0.28370967 - 4.2773053 - 0.6665907
14 1.0926407 1.0428778 - 4.8059815 0.15022475 —4.9385341 - 1.1013284
15 1.1055233 0.98391184 - 5.0500330 -0.0154848 -5.8377321 - 1.7068772
16 1.1268554 0.91686686 -5.3517548 - 0.2236048 —7.0648414 - 2.5624171
17 1.1497895 0.84026058 - 5.7257693 - 0.4880314 — 8.7492995 - 3.7866527
18 1.1631485 0.75225549 - 6.1911702 - 0.8279437 - 11.080139 - 5.5649666
19 1.1909265 0.65055523 - 6.7731638 - 1.2701610 - 14.337310 —8.1851881
20 1.2284654 0.53226431 - 7.5054246 - 1.8527152 - 18.942589 - 12.110740
21 1.2498581 0.39369510 - 8.4335286 - 2.6303877 - 25.542744 — 18.096601
2 1.2981280 0.23009877 - 9.6200502 - 3.6834562 -35.149791 - 27.403683
23 1.3295795 0.03528352 - 11.152276 -5.1318288 - 49.383001 - 42.193307
24 1.3797525 -0.9198836 - 13.154139 -7.1584713 - 70.898766 - 66.278936
25 1.4493563 - 1.8453545 - 15.805133 -10.049345 - 104.17902 - 106.60714
26 1.4986013 - 2.8353969 -19.371127 — 14.263688 - 157.03015 - 176.29941
27 1.5821977 - 3.7202029 - 24.256147 -20.562210 - 243.55328 -301.21914
28 1.6813652 - 4.9272686 -31.092519 -30.250777 -390.30944 - 534.82764
29 1.7740374 - 5.5539639 - 40.904374 - 45.666155 - 649.83567 -994.07522
30 1.9168112 - 8.7452672 - 55.418697 - 71.199683 - 1132.2175 -1952.3377
"L, X' . "L, X'3) +M, JJ+1 >+N, JJ+1 °
+0, JJ+1 7. 10
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Investigation on vibrational levels inertial rotation and centrifugal
distortion constants of 7Li, X'35 *
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Abstract

The density-functional theory B3LYP B3P86 and the configuration-interaction method CCSD T  QCISD presented in
Gaussian03 program package are employed to calculate the equilibrium internuclear distance R, the harmonic frequency w, and
the dissociation energy D, of "Li, X' 2, under a number of basis sets. By comparison with the measurement the conclusion is
that the most accurate R, D, and w, results 0.2698 nm 1.0487 eV and 346.82 cm™' respectively can be obtained at the
CCSD T /cc-PVQZ level of theory. The potential energy curve at this level is calculated over a wide internuclear separation
range of 0.15 to 2.7 nm at a 0.03 nm step size and is fitted to the analytic Murrell-Sorbie function. With the potential obtained
at the CCSD T /cc-PVQZ level of theory the rest spectroscopic parameters w.y. a.and B, are calculated and the values
are 2.648 cm™'  0.00702 cm™' and 0.6601 cm™'  respectively which are in excellent agreement with the experimental ones .
By solving the radial Schrodinger equation of nuclear motion the total number of 41 vibrational states has been found when J =
0 for this X' 3, state. For each vibrational state the vibrational level the classical turning point and the inertial rotation
constant have been computed which are in good agreement with the experimental findings. The complete centrifugal distortion

constants D, H, L, M, N, and O, are reported for the first time for the first 31 vibrational states when J =0.

Keywords analytic potential energy function vibrational level inertial rotation constant centrifugal distortion constant

PACC 3520G 3410

* Project supported by the National Natural Science Foundation of China Grant No. 10574039 and Natural Science Foundation of Education Bureau of
Henan Province China Grant No. 2007140015 .

+ Corresponding author. E-mail scattering@ sina. com. cn



