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Fig. 1. Optimized structures for the electronic ground
state and bond length of InC; clusters (in A).
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Fig. 2. Optimized geometries of InC;} non-linear isomers.
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Table 1. Electronic state, the lowest vibrational frequencies fi,, total energies F, and relative energies F,q

for InC;} clusters.

Cluster Isomer State fiy/cm™1 —FE/a.u. FEye1/keal-mol 1
InC* la 3% (Coow) 147.7757 39.501929 0
ey 2a 3%(Coow) 166.2461 77.562855 0

2b LA (Ca) 20.585 77.535364 17.3
3a 13(Coov) 85.869 115.678496 0
InCy 3b 3A7 (Cs) 231.103 115.585389 58.4
3c 3B2(Cav) 132.8933 115.616025 39.2
4a 3A(Ch) 63.2194 153.721248 0
InC; 4b 3B2(Cav) 179.6084 153.654019 42.2
4d LA1(Cav) 95.4892 153.642614 49.3
5a 1y (Cy) 52.7255 191.827969 0
InCy 5b 3B1(Cav) 27.0655 191.720390 67.5
5¢ 3A7 (Cs) 65.1282 191.739518 55.5
6a 35 (Coow) 42.5364 229.877954 0
InCF 6b LA1(Cav) 163.8472 229.819755 36.5
6d LA1(Cav) 102.6143 229.818489 37.3
7a LA(CY) 35.9915 267.974431 0
InCF 7b 3A2(Cay) 65.4536 267.894109 50.4
7c TA1(Cay) 38.0584 267.902494 45.1
8a 3% (Coow) 30.3961 306.028828 0
InCy 8b 3AY (Cs) 102.0329 305.966679 39.0
8d 3B2(Cav) 49.5464 305.947960 50.7
9a LA(CY) 33.4496 344.118906 0
InCJ 9b 3B (Cay) 96.8464 344.044593 46.6
9d 1A1(Cay) 57.5909 344.042651 47.9
10a 3A(CY) 22.5949 382.176222 0
InC{, 10b LA1(Cay) 96.9442 382.150322 16.3
10d 1A/ (Cs) 51.0201 382.149954 16.5
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Table 2. Electronic state, the lowest vibrational frequencies fi, total energies E<s2> expectation values,

dipole moments pu, and relative energies Ele) for the linear isomers InC;t clusters.

Isomer State fiv/(ecm™1) —E/a.u. (s2) 1/deb* Ere1/kcal-mol 1!
s 287.2595 39.433288 0.0000 1.0573 43.1
InCt 3% 147.7757 39.501929 2.0046 0.5109 0
5% 618.9654 39.437496 6.0023 1.7298 40.4
s 186.4323 77.548473 0.0000 3.0955 9.0
In02+ 3% 166.2461 77.562855 2.0081 0.2848 0
5% 9.1382 77.451099 6.0088 0.4468 70.1
iy 85.8690 115.678496 0.0000 0.3084 0
InC; 3% 124.8613 115.623909 2.0205 4.1734 34.3
5% 148.7785 115.600012 6.0769 1.3345 49.2
A 19.2666 153.693088 0.0000 0.4251 17.7
IHCI 3A 63.2194 153.721248 2.0334 0.6675 0
5A 52.2440 153.615353 6.0448 5.1523 66.5
iy 52.7255 191.827969 0.0000 0.8309 0
InC7 3% 74.3586 191.775361 2.0312 6.3368 33.0
5% 77.2733 191.750866 2.0299 6.1366 48.4
LD 32.5759 229.856129 0.0000 0.3102 13.7
IanL 3% 42.5364 229.877954 2.0543 0.7719 0
5% 38.2866 229.788886 6.0851 5.9315 55.9
A 35.9915 267.974431 0.0000 1.1011 0
InC7+ 3A 35.5597 267.913099 2.0742 0.1018 38.5
5A 47.2071 267.871382 6.0473 8.0306 64.7
iy 30.2943 306.009030 0.0000 0.7398 124
IanL 3y 30.3961 306.028828 2.0737 0.7348 0
5% 28.4214 305.950694 6.1198 6.3210 49.0
A 26.2637 344.118906 0.0000 1.2167 0
InC; 3A 23.8461 344.068764 2.0927 0.6864 31.5
5% 23.7617 344.027472 6.0332 1.5800 57.4
A 22.9696 382.160288 0.0000 0.4311 10.0
InCILO 3A 22.5949 382.176222 2.0928 0.6113 0
5A 24.2682 382.145422 6.0941 6.3214 19.3

*: 1 deb = 3.335 x 10730 C-m.
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Table 3. Polarizability of the linear isomers InC;} clusters.

Tz Ty yy zz yz zz (ax) () /m Ao

39.443 0 37.259 0 0 63.924 46.875 23.438 25.643
44.51 0 40.404 0 0 172.924 85.946 28.649 130.515
47.603 0 47.603 0 0 105.011 66.739 16.685 57.408
161.05 —0.735 52.575 0 0 52.586 88.737 17.747 108.477
53.729 0 53.729 0 0 216.553 108.004 18.001 162.824
58.115 0 58.115 0 0 308.477 141.569 20.224 250.362
387.026 0.139 59.739 0.025 0.009 59.736 168.834 21.104 327.289
63.927 0 63.924 0.018 0.096 523.952 217.268 24.141 460.027
629.951 0.367 65.959 0 0 65.959 253.956 25.396 563.992
819.772 0.311 69.755 0 0 69.754 319.76 29.069 750.018
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Density functional theory of InC} (n = 1-10) clusters
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Abstract

Small indium-doped carbon clusters InC;} (n = 1-10) are systematically studied by the density functional theory at
the B3 LYP/ LANL2 DZ level. The computed properties include equilibrium geometries, electronic energies, vibrational
frequencies, dipole moments and rotational constants for individual species. The calculation results show that the open-
chain linear isomers with the indium atom bound to the end of the carbon chain are the most stable geometry in all cases.
There must exist a cyclic or fan structure in the metastable or the third stable structure of cluster. The bigger the size
of the cluster, the more obvious the stability of the structure is. The electronic ground state is found to be alternately
a triplet for even n and a singlet for odd n with the only exception of InC™. It is generally observed that the spin
contamination is not serious for all electronic ground states because the (s?) values are uniform and in general deviate
slightly from the pure spin values, and the B3 LYP wave functions are nearly spin-pure. It is also found that in the
lowest-energy linear structure, the In—C bond is longer (from 2.319 A 10 2.850 A) than the corresponding C—C bonds in
a range from 1.268 A to 1.360 A. The C—C distances can be assimilated to moderately strong double bonds underlying
a clear T bonding in the corresponding structures. In addition, we observe a clear alternation in C—C distances. The
Codd—Ceven distances are shorter than the Ceven—Codd ones which mainly results from the charge distribution and spin
density. According to the calculation and analysis of the incremental binding energy and the second difference we can
deduce an even—odd alternation in the cluster stability for the linear InC;’, with their n-odd members being more stable
than the adjacent even-numbered ones. This parity effect also appears in the adiabatic ionization potential curves. The
analysis of magnetic properties shows the even-odd alternation with n-even clusters presenting higher values of magnetic
moment than n-odd ones. The study of the polarizability indicates that the average values of both the polarization

tensors and the anisotropic invariants increase with the size of cluster increasing.

Keywords: density functional theory, stability, magnetic property, polarizability
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