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The Vibration Spectroscopy and Structures Stability of Li,C cluster
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Abstract:Based on the influence of lithium content in some optical materials to the structure stability and
optical proterties, the structure stablility and vibration spectroscopy of carbon-doped clusters Li,C(n=1~
9) were investigated with density functional theory at the B3LYP/6-31G(d) level. The computed results
shown that the structure were three dimension(n>3) structure for Li,C except for Li,C and the carbon
atom was seen to be trapped in a Li cage. Especially, the electron ground state was found to be a low state
for Li,C cluster, singlet for n is even while doublet for n is odd. A strong even-odd alternation in the
cluster stability appeared in the incremental binding energy, with their n-even numbers being much more
stable than the adjacent odd-numbered ones. These parity effects also appeared in the second difference in
energy and the gap between HOMO-LUMO. In addition, the dominant channel was losing a Li particle for
Li,C clusters by analyzing the fragmentation energies. The spectroscopy range of Li,C clusters located in
fingering area. The vibration frequency of Li,C clusters decreased with the increasing of the numbers of
Lithium atoms. Moreover, the difference between the lowest and the highest vibration frequency shown
maxmium as the number of lithium atoms was odd while it shown minimum as the number of lithium

atoms was even.
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Fig.1 The structure of ground state of Li,C and their isomers

#1 LiCHESENRETETELEMNENSH (State) 4215 K $2-48 F 1986 5 (R(Li-Li) ,R(Li-C) /(X 10™" nm))
FE R BE(ZPE/eV) (I EE(E, /eV) B/MRBNFTE (LVF/em™ ) B KRB ZE (HVF/ em™)
Table 1 The structure parameter of the ground state and mete-stable state of Li,C and its isomers and the vibration frequency

Isomer  State R(Li-LD R(Li-C) ZPE E, LVF/HVF
LiC 27 (C.») 1.893 4 0.04 0.057 15 702.116 6
Li,C2a * X2, (D.y) 3.520 7 1.956 5 0.09 0. 0702 128.682 0/737.063 5
2b PA (Co) 1.978 6 0.07 0.070 0 85.732 7/730.309 5
2¢ LA (Co) 1.978 6 0.06 0.060 8 85.732 7/730.309 3
Li;C3a  2A;(Dy) 3.321 0 1.917 4 0. 14 0.071 57 115. 604 5/730.511 6
3b PAL(C) 2.872 6 2.054 1 0.11 0.062 52 123.070 7/540.291 7
3c YA () 2.777 1 2.045 7 0.16 0.062 27 208. 032 6/757. 293 3
Li,C4a 'A, (T 3.0936 1.894 4 0.22 0.073 36 165. 866 8/718. 286 1
4b LA (C) 2.734 6 1.958 0 0.19 0. 069 08 —135.513/687. 043 8
de PA(CH 2.963 4 1.998 6 0.21 0.062 7 53.302 8/689. 369 6
Li;C5a  *A,(C,) 2.87 1.970 6 0.27 0.072 2 35.523 7/665.816 7
5b A (Dy) 2.986 7 1.967 5 0.27 0.072 2 51.529 5/665.159 9
5c PAT(CH 2.9733 2. 0260 0.18 0.056 0 72.380 7/625.624 9
Li;C6a 'A,,(O) 2.849 6 2.015 0 0.33 0.0724 198.7647/631.165 9
6b YA'(CH 2.894 7 1.983 9 0.31 0.066 3 87.845 2/668. 657 4
6c YA (Dy) 2.691 8 2.0515 0. 32 0.069 41 —155.404/618.749 5
Li;C7a  *A;(Cy) 2.918 8 2.015 9 0.36 0. 06635 98. 661 4/630. 690 1
7b 2A"(CH 2.805 4 2.110 2 0.33 0.064 3 101. 384 4/587. 868 9
7c 2A,"(CO 2.714 4 2.111 72 0.31 0.064 0 —79.737 2 /529.532 8
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Isomer State R(Li-LD R(Li-C) ZPE E, LVF/HVF
Li;C8a 'Ay, (Dyy) 2.957 8 2.018 5 0.39 0.063 0 68.181 2/638.471 5

8b YA (G 2.962 7 2.039 1 0. 40 0.062 8 73.423 5/660. 367 9

8¢ 3By (Cay) 2.980 2 2.013 3 0.38 0.061 87 —29.989 1/634.509 7

8d PAC)H 2.834 5 2.106 2 0.36 0.0619 30. 826 3/627.006 5
Li;C9a  2A(Cy) 2.922 6 2.102 7 0.41 0. 059 00 29.1644/603. 495 6

9b 2A"(CH 2.923 0 2.108 7 0.41 0.058 85 69. 341 3/639.859 4

9c ZA'(CY 2.884 4 2.111 6 0. 40 0.058 81 67.386 0/622.338 7

Li,C FEEELME D, CA ) (F 1Ba) R, E
AT DL PR /TR 9 Lig C B4 5 A A X T 25 W B T
— L Li-C SRy P38 255 0. 201 nm, H 525 34
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Fig. 3 The fragmentation energies of ground state Li, C cluster
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